MP6611

32V 7A H-bridge DC Motor Driver

PRELIMINARY SPECIFICATIONS SUBJECT TO CHANGE

DESCRIPTION

The MP6611 is an H-bridge motor driver used
for driving reversible motors, which can drive
two solenoids or valves, one dc motor or one
winding of a stepper motor or other Loads. The
H-bridge consists of four N-channel power
MOSFETs, and an internal charge pump
generates needed gate-drive voltages.

The MP6611 operates on a motor power-supply
voltage from 2.7V to 32V, which can supply an
output current of up to 7A. Very low standby
circuit current can be achieved when disable
the device.

For the MP6611, control of the outputs is
accomplished through the IN1/ENBL/PWM and
IN2/DIR/EN pins, or by using the serial interface,
or a combination of both. A mode pin is used to
set the control modes like input signal logic
(IN1/IN2, DIR/ENBL or independent PWM). A
serial interface is used to set charge pump
frequency, and slew rate, as well to read
diagnostic registers. Internal safety and
diagnostic features include open load detection,
over-current protection, input over and under-
voltage protection, thermal warning and thermal
shutdown.

The MP6611 is available in a 20-pin,
4mmx4mm QFN package.

FEATURES

e 2.7V to 32V Operating Supply Voltage
e Internal Full H-Bridge Driver support 100%
duty cycle
e Internal current-sensing and Programmable
Cycle-by-cycle Current Regulation
Low On Resistance (HS+LS: 40mQ)
Up to 7A Output Peak Current
Serial Control interface
MODE selection: set input PWM/DIR,
IN1/IN2, Independent-PWM, Parallel
3.3V and 5V Compatible Logic Supply
Controlled Slew Rate
Programmable charge pump frequency
Automatic Synchronous Rectification
Low Iq SLEEP Mode and Brake mode
Diagnostic Functions, including:
o Open Load Detection
o Over-Current Protection
o Input Over- and Under-Voltage
Protection
o Over-Temperature Warning and
Thermal Shutdown
o Fault Indication Output
e Space-Saving 4mmx4mm QFN-20 Package

APPLICATIONS

e DC Brush Motor Drivers
e Solenoid Drivers
e Door Lock / Latch

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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MP6611 — 32V, 7A, H-BRIDGE DC MOTOR DRIVER
PRELIMINARY SPECIFICATIONS SUBJECT TO CHANGE
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TYPICAL APPLICATION
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Figure 3: 2x Half Bridge with Independent PWM Input
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Figure 4: Parallel Half Bridge
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mps MP6611 — 32V, 7A, H-BRIDGE DC MOTOR DRIVER

PRELIMINARY SPECIFICATIONS SUBJECT TO CHANGE

ORDERING INFORMATION

Part Number Package Top Marking MSL Rating
MP6611GRE* QFN-20 (4mmx4mm) See Below 1

* For Tape & Reel, add suffix -Z (e.g. MP6611GRE-2Z);

TOP MARKING

MPSYWW
MP6611
LLLLLL

E

MPS: MPS prefix

Y: Year code

WW: Week code

MP6611: First four digits of the part number
LLLLLL: Lot number

E: Wettable flank

PACKAGE REFERENCE

TOP VIEW
PGND1 OUT1  VIN
20 19 18
IN2/DIR
En |1 17| VCP
IN1/ENBL
M |2 16 SDI
MODE |3 15 nSLEEP
vece |4 14/ nSCS
AGND |5 13 SCLK
ISET |6 12| nFAULT
VISEN |7 11| sDO
8 9 10
PGND2 OUT2  VIN
QFN-20 (4mmx4mm)
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meSs

MP6611 — 32V, 7A, H-BRIDGE DC MOTOR DRIVER

PIN FUNCTIONS

PRELIMINARY SPECIFICATIONS SUBJECT TO CHANGE

Pin #
MP6611

Pin Name

Description

IN2

Input 2. This pin has an internal pulldown resistor to GND. For details, see
the Input Logic and Output configuration section.

DIR

Full-bridge phase input (motor direction). This pin has an internal
pulldown resistor to GND. For details, see the Input Logic and Output
configuration section.

EN

Enable input for parallel half-bridge. This pin has an internal pulldown
resistor to GND. For details, see the Input Logic and Output configuration
section.

IN1

Input 1. This pin has an internal pulldown resistor to GND. For details, see
the Input Logic and Output configuration section.

ENBL

Full-bridge PWM input. This pin has an internal pulldown resistor to
GND. For details, see the Input Logic and Output configuration section.

PWM

PWM input for parallel half-bridge. This pin has an internal pulldown
resistor to GND. For details, see the Input Logic and Output configuration
section.

MODE

Input mode pin. Sets the PH/EN, PWM, independent-PWM or parallel
mode.

VCC

3.3V LDO output for internal driver and logic. Bypass this pin to AGND
with a low-ESR ceramic capacitor. Do not connect external loads to this

supply pin.

AGND

Analog ground. Reference ground for internal analog circuits.
Appropriately connect to the reference ground of the external analog
systems, and PGND.

ISET

Current configuration resistor. Connect a resistor to ground to set the
current limit and VISEN output voltage. If the current limit is not desired,
the ISET pin can be connected directly to ground.

VISEN

Current sense output terminal. The load current applied to the VISEN
pin should be kept below 2mA, with no more than 500pF of capacitance.

PGND2

Power ground2. High-current return for the half-bridge 2. Connect PGND
with large copper areas to the power supply returns. Connect this pin to
the system ground.

PGND1

Power ground1. High-current return for the half-bridge 1. Connect PGND
with large copper areas to the power supply returns. Connect this pin to
the system ground.

ouT2

Output terminal 2. Connect OUT2 to the motor winding.

OouT1

Output terminal 1. Connect OUT1 to the motor winding.

10, 18

VIN

Supply voltage pin. Bypass each VIN pin to PGND with a low-ESR
ceramic capacitor. And a bulk capacitor must be included on the VIN pin
which is required to absorb the energy flowing from the motor or power
supply and should be sized according to the application requirements.

11

SDO

Serial data output. Open-drain output, and must be pulled up by an
external pull-up resistor.

12

nFAULT

Fault indication pin. The nFAULT pin is open-drain output requiring an
external pullup resistor. This pin is pulled logic low when a fault is
detected. The pin returns to Hi-Z state as the device resumes operation.

13

SCLK

Serial clock. Data is shifted on the rising edge of SCLK. SCLK has an
internal pull-down resistor.

14

nSCS

Serial chip selection input. An active low on this pin enables the serial
interface communication. nSCS is pulled up to nSLEEP internally.

15

nSLEEP

Sleep mode input. Logic high to enable device, logic low to enter low-
power sleep mode. nSLEEP is pulled down via an internal resistor.

MP6611 Rev. 0.81
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MP6611 — 32V, 7A, H-BRIDGE DC MOTOR DRIVER

PRELIMINARY SPECIFICATIONS SUBJECT TO CHANGE

PIN FUNCTIONS (continued)

Pin # . ..
MP6611 Pin Name Description
16 SDI Serial data input. SDI has an internal pull-down resistor.
Charge pump output. Connect a 1uF, 16V, X7R ceramic capacitor to
17 VCP . .
VIN. Do not connect external loads to this supply pin.
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12/24/2025

Preliminary Specifications Subject to Change

MonolithicPower.com 5

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

© 2025 MPS. All Rights Reserved.




meSs

MP6611 — 32V, 7A, H-BRIDGE DC MOTOR DRIVER

PRELIMINARY SPECIFICATIONS SUBJECT TO CHANGE

ABSOLUTE MAXIMUM RATINGS @

Input supply voltage (Vi) ............ —0.3V to +39V
VCC (VC) urrrrmnmmnnmnnnnnnnnnnnnnnnnnnnnnnns —0.3V to +5V
OUTx voltage...........cc.occ..... —-0.7V to (Vin+0.3)V

OUTx voltage (<100ns transient)
....................................... -2V to (V|N+0.3)V

VCP e, Vinto Vin +5V
MODE, VISEN, ISET .....cccccccee..... —0.3V to +5V
PGND ... —-0.3V to +0.3V
All other pins......ccoeeiiiiiiiienee, —0.3V to +6V
Continuous power dissipation (Ta = +25°C) )
QFN-20 (4mmx4mm) .........coeveiennnnnn. 2.84W
Storage temperature............... —65°C to +150°C
Junction temperature ..............cccceeeen. 150°C
Lead temperature (solder) ....................... 260°C
ESD Ratings

Human-body model (HBM) ...................... 2000V
Charged-device model (CDM) ................. 750V
Recommended Operating Conditions ©
Input supply voltage (Vin).......ceeeeeeee 2.7V to 32V
Input supply voltage (Vin) @ ............ 2.7V to 28V

Operating junction temp (T,) ....-40°C to +150°C

Thermal Metric ©®

8,a (Junction-to-ambient).................... 37.8°C/W
B.4c_1op (Junction-to-case top)............... 32.3°C/W
B.c_bottom (Junction-to-case bottom)........ 1.8°C/W
8,8 (Junction-to-board)......................... 2.4°C/W
Wit (Junction-to-top)..........ccooceeieiinl 1.4°C/W
Wis (Junction-to-board)......................... 2.5°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 6,4, and the ambient temperature
Ta. The maximum allowable continuous power dissipation at
any ambient temperature is calculated by Pp (MAX) = (T,
(MAX) -Ta) / 8,a. Exceeding the maximum allowable power
dissipation will cause excessive die temperature, and the
regulator will 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) For half bridge application, if load is connected to VIN, the
recommended operating voltage is 2.7V to 28V.

5) According to JEDEC JESD51-2/-5/-7/-8/-14.
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MP6611 — 32V, 7A, H-BRIDGE DC MOTOR DRIVER

PRELIMINARY SPECIFICATIONS SUBJECT TO CHANGE

ELECTRICAL CHARACTERISTICS
2.7V <=V|y <= 32V, T, = -40°C to 150°C, unless otherwise noted.

Parameters ‘ Symbol ‘Condition ‘ Min ‘ Typ ‘Max| Units
Supply Voltage
VIN operating range VIN 2.7 32 Y
Turn-on threshold Vuvio | VIN rising edge 23| 25 | 27 \Y
Turn-on hysteretic voltage VuvLo_Hys 0.2 Y
VIN UV warning threshold Vuvw 33| 35 | 37 Y
IC Supply

Vin =13.5V, Ty = 25°C, nSLEEP = low 1 MA
Shutdown current [iNn_sD

Vin =13.5V, Ty = 150°C, nSLEEP = low 10 MA
Quiescent current [IN_BRAKE X;Z;;rif:e’ PoSrIRAE(EgE1 Zlggl\ligvééqz 10 25 MA
Operation current \Z/(I)Nk;; %\?VV'\’A”SLEEP = High, no load, 4 mA
VCC regulator voltage Vvee Vin > 3.6V, 10mA load 3 3.3 | 3.6 \%
://gtca;ggu'ator drop output Voo | Vin € 3.6V, 10mA load 700 mv
IC SLEEP time tsLeep nSLEEP low to start device shutdown 100 V&
NSLEEP reset pulse Treser  |NSLEEP low to only clear fault registers | 10 25 us
IC start-up delay ToeLay zgtggg zlaﬁcsl;)\dll[\)l( ?e;/;;//"o when 15| ms
Low Iq brake mode entre time INT=IN2=HorENBL =L 100 | 200 | 300 | ms
IC Disable time toisasLe | DIS transition from “0” to “1” 1 2 5 us
Input Logic (IN1T/ENBL/PWM, IN2/DIR/EN, SDI, SCLK)
Input high voltage ViH 1.5 Y
Input low voltage Vi 0.7 Vv
Input logic hysteresis VI _Hys 250 mV
Input high current lH Vee = 3.3V -20 20 MA
Input low current he Vce = 0V -20 20 MA
Input pull-down resistance Reo IN1/ENBL/PWM, IN2/DIR/EN, SDI 400 kQ

SCLK 100 kQ

lour= 1A, Vin = 13.5V, SR = 000b 1.5

lour= 1A, Vin = 13.5V, SR = 001b 1

lour= 1A, Vin = 13.5V, SR = 010b 0.8
Propagation delay lour= 1A, Vin = 13.5V, SR = 011b 0.6
(ENBL/INX/PWM to OUTx = Tep gs
50%) lour= 1A, Vin = 13.5V, SR = 100b* 0.48

lour= 1A, Vin = 13.5V, SR = 101b 0.36

lour= 1A, Vin = 13.5V, SR = 110b 0.25

lour= 1A, Vin = 13.5V, SR = 111b 0.2
Input Logic (nSLEEP)
Input high voltage ViH 1 \%
Input low voltage Vi 0.4 \%
Input logic hysteresis Vi_Hys 130 mV

MP6611 Rev. 0.81
12/24/2025

Preliminary Specifications Subject to Change

MonolithicPower.com

MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.
© 2025 MPS. All Rights Reserved.




meSs

MP6611 — 32V, 7A, H-BRIDGE DC MOTOR DRIVER

PRELIMINARY SPECIFICATIONS SUBJECT TO CHANGE

ELECTRICAL CHARACTERISTICS (continued)
2.7V <=V|y <= 32V, T, = -40°C to 150°C, unless otherwise noted.

Parameters Symbol |Condition Min | Typ | Max | Units
Input pull-down resistance Reu 100 kQ
Input Logic (nSCS)
Input high voltage ViH 1.5 Y
Input low voltage ViL 0.7 Y
Input logic hysteresis V|_Hvs 250 mV
Input pull-up resistance Reu 400 kQ
nFault Output (Open-Drain Output)
Output low voltage VoL InFau_out = SMA 0.4 \%
Output high leakage current loH VnFaut_out = 3.3V -1 1 MA
Power MOSFET
Rus loutr = 1A, Ta = 25°C, 20 | 25 | mQ
) lout = 1A, Ty =-40 to 150°C 40 | mQ
Output on resistance
Ris loutr = 1A, Ta = 25°C, 20 | 25 | mQ
lout = 1A, Ty =-40 to 150°C 40 | mQ
Minimum on time frron loutr = 1A, SR = 000b, Vin = 13.5V 2.2 us
lout = 1A, SR =111b, Vin = 13.5V 1
lour = 1A, Vin = 13.5V, SR = 000b 5
lout = 1A, Vin = 13.5V, SR = 001b 9.6
lout = 1A, Vin = 13.5V, SR = 010b 13
Output rise/fall time . SR lout = 1A, Vin = 13.5V, SR = 011b 19 Vips
(OUTx 10% to 90% changing) lout = 1A, Vin = 13.5V, SR = 100b* 28
loutr = 1A, Vin = 13.5V, SR = 101b 48
loutr = 1A, Vin = 13.5V, SR = 110b 96
lout = 1A, Vin = 13.5V, SR = 111b 184
Dead time (© toeap 120 ns
Body diode forward voltage Ve piope | lout = 1A 0.8 \Y
Switching Frequency
Applied PWM frequency | Feww |CP_F=00b | 200 | kHz
CHARGE PUMP (VCP)
VCP operating voltage Vvep with respect to VIN V?I"\:l; Vv
VIN > Vuvio; nSLEEP = 1; CP_F = 00b 3000
Charge pump switching o VIN > VuyvLo; NSLEEP =1; CP_F =01b 1500 KHz
frequency VIN > Vuvio; nSLEEP = 1; CP_F = 10b 750
VIN > Vuvio; nNSLEEP = 1; CP_F =11b 375
Protection
OC_ADJ =0b 85| 11 |135| A
Over-current threshold loc
OC_ADJ =1b 115|145 |175] A

MP6611 Rev. 0.81
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mps MP6611 — 32V, 7A, H-BRIDGE DC MOTOR DRIVER

PRELIMINARY SPECIFICATIONS SUBJECT TO CHANGE

ELECTRICAL CHARACTERISTICS (continued)
2.7V <V <32V, T, =-40°C to 150°C, unless otherwise noted.

Parameters Symbol | Condition Min | Typ | Max | Units
OCR_T = 00b 10
OCP retry time tocr OCR_T = 01b 4 ms
OCR_T=10b 1
OCR_T=11b 0.5
OCD_T = 00b 0.8 1.2 1.4
, ) OCD_T=01b 05 | 065 0.8
Over-Current Deglitch Time tocp_p OCD_T = 106 17 23 | 29 V&
OCD_T=11b 3.5 45 | 55
OVP_M = 000b — 001b 35 37 38 \Y
Input over-voltage threshold Vovp |OVP_M =010b-100b 29 30 31 Vv
OVP_M =101b-111b 21 22 23 \Y
::15:{; cr)g/:irs voltage threshold Voue_tvs 2 Vv
Oper bbor?]%g: rrent for los 04 | 15 | 26 | mA
Open load diagnostic delay oL OLD_DLY = 0b 0.3 ms
time OLD _DLY =1b 1.2
Thermal shutdown Tsp 150 | 170 | 190 °C
Thermal shutdown hysteresis Tsp_Hy 20 °C
Thermal Warning Torw 120 | 140 | 160 °C
Thermal Warning hysteresis Totw_ny 20 °C
Current Control
ISET current hser  |lour > =1A 95 100 | 105 | pA/A
ISET current error liseT lour >= 1A = *s %
loutr < 1A -5 +5 MA
Current trip voltage (rising) Vitrip-R | At ISET pin 144 | 1.5 | 1.56 Vv
Current trip voltage (falling) Vitrip-F | At ISET pin 115 | 1.2 | 1.25 Vv
Sense Delay Time (OUTx to VISEN = 2V; SR = 000b 4.5
VISEN) © SN VISEN = 2V; SR = 111b 25 He
CLB_T =00b 0.75 1 1.4
o CLB_T=01b 1.5 2 2.6
Blanking time tBLANK V&
CLB_T=10b 3 4 5
CLB_ T=11b 6 8 10
OFF_T = 00b 20
Off time torF OFF_T =01b 40 uS
OFF_T =10b 60
OFF_T=11b 80
VISEN output
Output voltage accuracy ‘ A VVISEN ‘VISET >0.2v ‘ -5 ‘ ‘ 5 ‘ %
Note:
6) Not tested in production.
MP6611 Rev. 0.81 MonolithicPower.com 9
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mps MP6611 — 32V, 7A, H-BRIDGE DC MOTOR DRIVER

PRELIMINARY SPECIFICATIONS SUBJECT TO CHANGE
TIMIMG CHARACTERISTICS ?

Vin=13.5V, Ta = +25°C, unless otherwise noted.

i4—>4—>|
sbl | x IXMSBE ! i X XKise X x |
SDO | Hiz | XwmsB | X XLSB [ : Hi-z |
7 | : L8]
D 1 :4_",
SDI sampled point | | l l
SDO propogate point i I I
Figure 5: Serial Interface Timming Diagram
Parameter Symbol | Condition Min | Typ | Max | Units
Vin > Vuvio,
SPI ready after startup tREADY nSLEEP = 1 1.5 ms
SCLK cycle time 1 200 ns
SCLK frequency 0.1 5 MHz
SCLK low time t2 100 ns
SCLK high time t3 100 ns
SCLK rise/fall time - 50 ns
nSCS input Setup time (nSCS low to SLCK falling) t4 50 ns
S_D_I input data setup time (SDI valid to SCLK t5 50 ns
rising)
SDI input data hold time (SCLK rising to SDI valid) t6 50 ns
SDO output data delay time (SCLK falling to SDO CL < 100pF, pull-
t7 40 ns
enable) up R =1kQ
_nSCS disable delay time (nSCS high to SDO high t8 50 ns
impedance)
nSCS input hold time 9 40 ns
nSCS inactive time t10 500 ns
Note:
7) Guaranteed by design.
MP6611 Rev. 0.81 MonolithicPower.com 10
12/24/2025 MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.

Preliminary Specifications Subject to Change © 2025 MPS. All Rights Reserved.



1

MP6611 — 32V, 7A, H-BRIDGE DC MOTOR DRIVER

TYPICAL CHARACTERISTICS
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mps MP6611 — 32V, 7A, H-BRIDGE DC MOTOR DRIVER

PRELIMINARY SPECIFICATIONS SUBJECT TO CHANGE
TYPICAL CHARACTERISTICS (continued)
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MP6611 — 32V, 7A, H-BRIDGE DC MOTOR DRIVER

PRELIMINARY SPECIFICATIONS SUBJECT TO CHANGE
TYPICAL PERFORMANCE CHARACTERISTICS

Vin = 24V, Ta = 25°C, unless otherwise noted.
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Trigger Frequency: 20.0000kHz

MP6611 Rev. 0.81

12/24/2025

Preliminary Specifications Subject to Change

MonolithicPower.com

13

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

© 2025 MPS. All Rights Reserved.



mes

CH1:IN1

CH2: Vour

CH4: IOUT

CH1: IN1

CH2: VOUT1

CH4: IOUT

CH1: IN1

CH2: VOUT1

CH4: lour

MP6611 — 32V, 7A, H-BRIDGE DC MOTOR DRIVER

PRELIMINARY SPECIFICATIONS SUBJECT TO CHANGE
TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Vin = 24V, Ta = 25°C, unless otherwise noted.

2x Half Bridge
IN1 = PWM, duty = 10%, load = 5Q + 0.3mH

connected to GND

]
P . : : : 1
P ] ]
[0 o |Ejﬂus 25065 @
€ somt & 5M points Toumiy
Trigger Frequency: 20.0000kiz

2x Half Bridge
IN1 = PWM, duty = 90%, load = 5Q + 0.3mH

connected to GND

| A
[
| N
@ 0 200 25065/
2004 & 5M points 700my
Trigger Frequency. 20.0000kHz
—

2x Half Bridge
IN1 = PWM, duty = 50%, load = 5Q + 0.3mH

connected to VIN

i

................... g
| 2 .
| &8 : ]
[0 500 |Z]ﬂus 25085/ [0
€ 2004 & 5M points TO0my
Trigger Frequency: 20.0000kHz

CH1: IN1

CH2: Vour

CH4: IOUT

CH1: IN1

CH2: VOUT1

CH4: |ou'|'

CH1: IN1

CH2: VOUT1

CH4: |ou'|'

2x Half Bridge
IN1 = PWM, duty = 50%, load = 5Q + 0.3mH
connected to GND

L\|\ -

| ===

Pt e et e ]

2506575 [ 30
SM points 700my
Trigger Frequency: 20.0000kHz

2x Half Bridge
IN1 = PWM, duty = 10%, load = 5Q + 0.3mH
connected to VIN

L

| M

2.5065/5 [ 8
SM points 700my
Trigger Frequency: 20.0000kHz

2x Half Bridge
IN1 = PWM, duty = 90%, load = 5Q + 0.3mH
connected to VIN

LJ 1 als ]

12

| e
So0v 20.0ps 2506375 o
[ 1 B SM points 700my
Trigger Frequency: 20.0000kHz
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CH1: PWM

CH2: VOUT

CH4: IOUT

CH1: PWM

CH2: VOUT

CH4: IOUT

CH1: PWM

CH2: VOUT

CH4: lour

MP6611 — 32V, 7A, H-BRIDGE DC MOTOR DRIVER

PRELIMINARY SPECIFICATIONS SUBJECT TO CHANGE
TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Vin = 24V, Ta = 25°C, unless otherwise noted.

Parallel Half Bridge
EN =H, PWM = PWM, duty = 10%, load =
2.5Q + 0.15mH connected to GND

|.F' 7 . H

A
| &
| 2o 1 1
[0 S.00 20.0ps 2506575 K
y 5M points ]
Trigaer Frequency: 20,00 iz
—

Parallel Half Bridge
EN = H, PWM = PWM, duty = 90%, load =
2.5Q + 0.15mH connected to GND

I--.J---:----:--J ] )
| &
| &
[o 5004 ]EOUus 2.5065/5 N
[ ?ﬁé"e‘r";srequsm: 20.0000kHz,
Parallel Half Bridge
EN =H, PWM = PWM, duty = 50%, load =
2.5Q + 0.15mH connected to VIN
I., I B | |
| &
| &8 1 1
[0 5.00 ) 1 ]zoous 2506575 \;
~— - [ ?ﬁé"e‘rﬂfmqusm‘.’Zt[ar;ﬂ’EJH:

CH1: PWM

CH2: VOUT

CH4: |ou'|'

CH1: PWM

CH2: VOUT

CH4: |ou‘r

CH1: PWM

CH2: VOUT

CH4: |ou'r

Parallel Half Bridge
EN = H, PWM = PWM, duty = 50%, load = 2.5Q
+ 0.15mH connected to GND

L,\|\\

B

| &

| B
20.0ps 25063/ [N
& 5M points 700my
Trigger Frequency: 20.0000kHz

500V
@ s

Parallel Half Bridge
EN = H, PWM = PWM, duty = 10%, load =
2.50+0.15mH connected to VIN

7 [ ’
K
L "
| 2]
| e
S00y 20.0ps 2.5068/s [N
T S poits 700my
Trigger Frequency: 20.0000kHz

Parallel Half Bridge
EN =H, PWM = PWM, duty = 90%, load = 2.5Q
+ 0.15mH connected to VIN

L i i 'L :

L

SM points

25065/ [0
700my
Trigger Frequency: 20.0000kHz
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mps MP6611 — 32V, 7A, H-BRIDGE DC MOTOR DRIVER

PRELIMINARY SPECIFICATIONS SUBJECT TO CHANGE
FUNCTIONAL BLOCK DIAGRAM

VIN
Charge
T VREF Pump
= Int. VCC UVLO
]'\&DE LS Gate Driver OVP
v 0TS
= | INT/ENBL/PWM -
IN2/DIR/EN
5 Control " | Driver |
S Logic
1= A
o
(@]
P _| Curr.
nFAULT -« > Reg.
A
x2
[y VISEN I
ITRIP 4
1.5V
—L1 VvCC AGND
p— r PGNDj_J_ ISET r
\Y4 i =
Figure 6: Functional Block Diagram
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PRELIMINARY SPECIFICATIONS SUBJECT TO CHANGE

OPERATION

The MP6611 is an H-bridge motor driver used
for driving reversible motors, which can drive
one dc motor or one winding of a stepper motor
or other Loads. The H-bridge consists of four N-
channel power MOSFETs, and an internal
charge pump generates needed gate-drive
voltages.

A serial (SPI) control interface is used to
program device operation, as well as setup the
slew rate, charge pump frequency, and read
back the status of the device and access
diagnostic information.

The MP6611 integrates internal current-sensing
and programmable cycle by cycle current limit
function.

Input Logic and Output Configuration

Four programmable input interface and
configuration are available on the MP6611,
which are selected by the MODE pin as below
table:

Table 1: Mode Selection for Input/Output
Configuration

Table 3: Input Logic Truth Table for Mode 2

ENBL | DIR|OUT1|OUT2 Function (DC Motor)
H L L H Reverse
H H H L Forward
L X L L Brake
Table 4: Input Logic Truth Table for Mode 3
INx OUTx
L L
H H
Table 5: Input Logic Truth Table for Mode 4
EN | PWM ouT
H L L
H H H
L X Z

Input Logic Control (SPI & input pins)

The MP6611 may be controlled either using the
input pins IN1T/ENBL/PWM and IN2/DIR/EN, by
using writes to the SPI_IN1 and SPI_IN2 bits in
the CTRLA1 register via SPI, or a combination of
both. When SPI_IN = 0b, outputs follow input
pins only; when SPI_IN = 1b, outputs follow SPI
registers or a combination of SPI and input pins.

Input output The enable function uses the level on the pin
MODE |  Setup interface | configuration exclusive-ored with the state of corresponding
Connect to N register bits in the OUT register. This allows
1 GND IN1/IN2 full bridge control to be done with either the SPI interface
(<10Q) or pins. In addition, by programming the bit to
Connect to ‘1’, the input state is inverted. Refer to below
2 VCC DIR/ENBL full bridge table for the logic control combination of SPI
(<10Q) and input pins.
100kQ +
3 10% to IN1/IN2 | 2 x half bridges Table 6: Logic (?ontrol Combination of SPI and
GND Input Pins (when SPI_IN = 1b)
51kQ + Parallel half SPI Input PIN1 Input Logic
4 10% to PWM/EN bridge SPI_IN1 | (INT/ENBL/PWM) | (IN1/ENBL/PWM)
GND 0b L L
The following tables show the input logic truth 0b H H
. 1b L H
table for the different modes. 1b H L
Table 2: Input Logic Truth Table for Mode 1
IN1 | IN2 | OUT1 | OUT2 Function (DC Motor)
L L Z Z Coast
L H L H Reverse
H L H L Forward
H H L L Brake
MP6611 Rev. 0.81 MonolithicPower.com 17
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PRELIMINARY SPECIFICATIONS SUBJECT TO CHANGE

Table 7: Logic Control Combination of SPI and
Input Pins (when SPI_IN = 1b)

SPI Input PIN2 Input Logic
SPI_IN2 (IN2/DIR/EN) (IN2/DIR/EN)

Ob L L

Ob H H

1b L H

1b H L

For control with SPI only, the input pins should
be connected to ground.

nSLEEP Operation

Driving nSLEEP low puts the device into a low
power sleep state. In this state, the H-bridge
outputs are turned off, all related internal
circuits including the gate drive charge pump
are disabled, and all inputs are ignored. When
waking up from sleep mode, some time (TpeLay)
needs to be passed before the outputs operate.
All registers are reset after nSLEEP restart.

It is recommended to pull up NSLEEP after the
input voltage (VIN) is ready.

NnSLEEP Reset Pulse

The pre-controller can clear the device all fault
flags and latched fault status by a nSLEEP
reset pulse (nNSLEEP low pulse between 10-
25us), equivalent to the FLT, CLR command.

Brake Mode Operation

When BRAKE bit =1b as below table, the low Iq
BRAKE mode is enabled, then the device will
operate in low Iq brake mode when IN1=IN2=H
or ENBL=L over 200ms for Mode 1/2, or device
enters low Iq brake mode immediately for Mode
3, or set EN=H before set BRAKE=1b for Mode
4. This operates as described below:

Table 8: Low lq Brake Mode Setup

In low lg brake mode for Mode 1/2, only few
internal circuit works to keep load brake, current
sense and limit/regulation function are disabled,
most diagnostic and protection functions are
also disabled, only output short to Vin
protection is retained, so part consumes very
small current. In low Ig brake mode for Mode
3/4, charge pump works extra to prevent the
requirement to turn on HS-FET.

Current Sensing

For mode 1 and mode 2, the current flowing in
the two low-side MOSFETSs is sensed with an
internal current sensing circuit. A voltage that is
proportional to the output current is sourced on
the VISEN pin.

The VISEN output voltage scaling is set by a
resistor connected between the ISET pin and
ground. For 1A of output current, 100pA of
current is sourced into the resistor connected to
ISET. For example, if a 5kQ resistor is
connected between ISET and ground, the
voltage on the ISET pin is 0.5V/A of output
current and the output voltage on VISEN pin will
be 1V/A of output current.

Current is sensed any time one of the low-side
MOSFETSs are turned on, including during slow
decay mode (brake). But if device is in low Iq
brake mode, the current sense function is
disabled.

The load current applied to the VISEN pin
should be kept below 2mA, with no more than
500pF of capacitance.

Current Regulation for Full Bridge

For mode 1 and mode 2, the current in the
outputs is regulated using constant off-time
PWM (pulse width modulation) control circuitry.

BRAKE | MODE IN setup _OUT . This operates as described below:
conflguratlon
INT=IN2=H
or OUT1 =
1o 12 ENB = ouT2 =L
L>0.2s
Inx=HorlL
1b 3 before set OUTx = INx
BRAKE = 1b
EN =H,
PWM =H or _
1o 4 L before set OUT = PWM
BRAKE = 1b
MP6611 Rev. 0.81 MonolithicPower.com 18
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Figure 7: Current Regulation Operation

e Initially, a diagonal pair of MOSFETs
turns on and drives current through the
load.

e The current increases in the load, which
is sensed by the internal current sense
circuit.

e If the load current reaches the current trip
voltage threshold (Vitrirr), the H-bridge
switches to slow decay mode, with the
two low-side MOSFETSs turned on.

o After a fixed off-time (torr), if the load
current drops to below 80% of the current
trip voltage threshold, the diagonal pair of
MOSFETs are re-enabled and the cycle
repeats. If the current remains above 80%,
the off time is extended until the current
drops to 80% of the current trip voltage
threshold.

The fixed off-time is determined by the setting of
the OFF_T1:0OFF_TO bits in the CTRLS register
as follows:

Table 9: Fixed Off-Time Setting

OFF_T Off Time torr
00b
(reset value) 20uS
01b 40uS
10b 60pS
11b 80uS

The current trip voltage threshold is reached
when the ISET pin reaches 1.5V. As an example,
with a 5kQ resistor from ISET to ground, the
ISET voltage is 0.5V/A of output current. So,
when the current reaches 3A, the ISET pin
voltage reaches 1.5V, and a current trip occurs.

For DC motors, current regulation is used to limit
the start-up and stall current of the motor. Speed

If the current regulation feature is not needed, it
can be disabled by connecting the ISET pin
directly to ground.

If ILIMIT_M bit = 1b, after current regulation, the
ILIMITx and FLT bits are set and the nFAULT pin
is driven low. If ILIMIT_M bit = Ob, no fault report.

Cycle by Cycle Current Limit for Half-Bridge

For mode 3 and mode 4, the current in the each
MOSFET is limited using constant off-time PWM
(pulse width modulation) control circuitry. This
operates as described below:

e Initially, a MOSFET of the half-bridge
turns on (high-side MOSFET turn on with
the load to GND, or low-side MOSFET
turn on with the load to Vin) and drives
current through the load.

e The current increases in the load, which
is sensed by the internal current limit
circuit.

e |If the load current reaches the current
limit voltage threshold (Viumit), the half-
bridge switches to decay mode, with the
other MOSFET of the half-bridge turned
on.

o After a fixed off-time (torr), the device
resumes operation follow the input logic
truth table and the cycle repeats. If after
the torr time has elapsed the current is
still higher than the Viuwit level, the device
enforces another torr time period of the
same duration.

The current limit threshold is programmable as
below table, which is related with over-current
threshold.

It's necessary to set ILIMIT_LVL=11b to disable

control is typically performed by providing an  cycle by cycle current limit for full bridge
external PWM signal to the input pins. applications in mode 1 and mode 2.
MP6611 Rev. 0.81 MonolithicPower.com 19
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Table 10: Current Limit Setting

Table 12: Current Regulation/Limit Blanking Time

CLB T Blanking time tsLank
00b
(reset value) 16S
01b 2uS
10b 4pS
11b 8uS

xx% of the over-current
ILIMIT_LVL threshold
00b o
(reset value) 60%
01b 80%
10b 40%
11b disabled

For DC motors, cycle by cycle current limit is
used to limit the start-up and stall current of the
motor. Speed control is typically performed by
providing an external PWM signal to the input
pins.

During current limit, the nFAULT pin is not
activated unless the ILIMIT_M bit = 1b.

Deglitch Time and Blanking Time

There is often a current spike during the
MOSFET turn-on, due to the body diode’s
reverse-recovery current or the shunt
capacitance of the load. This current spike
requires filtering to prevent the MOSFET from
erroneously shutting down. The MP6611 has the
internal programmable deglitch time for over-
current protection and blanking time for current
limit function. The blanking time TsLank blanks the
output of the current sense comparator when the
MOSFET turns on. This blanking time also sets
the minimum on time for the MOSFET during
current limit. For better current limit accuracy, it's
suggested to set the blanking time larger than
MOSFET rising/falling time.

The deglitch time is programmable by the
OCD_T bits in the CTRL4 register according to
the following table:

Table 11: OCP Deglitch Time Setting

OCD. T OCP Deglitch time Toce b
00b
(reset value) 1S
01b 0.5uS
10b 2uS
11b 4uS

The blanking time is programmable by the
CLB_T bits in the CTRL4 register according to
the following table:

Slew Rate (SR) Control

To quickly reduce electromagnetic interference
(EMI) generated by the output switching action,
configurable slew rate control is integrated into
the MP6611. The slew rate is programmable by
the SR bits in the CTRL2 register according to
the following table:

Table 13: Slew Rate Setting

SPI Rising/Falling SR
(Vips)

000b 5
001b 9.6
010b 13
011b 19
100b

(reset value) 28
101b 48
110b 96
111b 184

Charge Pump
An internal charge pump generates the gate
drive for the HS-FETs. The charge pump
frequency can be set to the four selections by the
CP_F bits in the CTRL4 register according to the
following table:

Table 14: Charge Pump Frequency Setting

CP_F Charge Pump Frequency
00b 3MHz
(reset value)
01b 1.5MHz
10b 750kHz
11b 375kHz

Diagnostic and Protection Functions

The MP6611 is fully protected against under-
voltage, open-load, over-current, over-voltage
and over-temperature events.

Over-Current Protection (OCP)

The MP6611 has internal short circuit protection.
The currents in both the high-side and low-side
MOSFETs are measured. If the current exceeds
the over-current threshold (loc), all MOSFETS in

MP6611 Rev. 0.81
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the device are turned off for Mode 1/2/4, and
over-current half-bridge is turned off for the Mode
3.

The over-current threshold and function is
programmable by the OCP_M and OCP_LVL bits
in the CTRL3 register according to the following
table.

Table 15: Over-Current Protection Function

If TSD_M = Ob, the nFAULTis released and the
H-bridges are automatically re-enabled when the
temperature drops below the Tsp - Tsp ny
threshold. The FLT and TSD bits remain set until
writing a ‘1’ to the TSD or FLT bit, or an nSLEEP
reset pulse.

If TSD_M = 1b, then this is a latched fault, the H-
bridge and nFAULT are released until writing a
‘1" to the TSD or FLT bit, or an nSLEEP reset

OC()':)_M Protection function pulse.
(reset value) Output Hi-Z, automatic retrying fault Table 18: Over-Temperature Shutdown Function
01 Output Hi-Z, latched fault TSD M | Protection function
10 report only but no action is taken (r((a)get Over-temperature condition causes an
11 not reported and no action value) automatic recovery faut.
1b Over-temperature condition causes a
Table 16: Over-Current Threshold latched fault

OCP _LVL Min. OC Threshold
0
(reset value) 8.5A
1 11.5A

The OCP retry time is programmable by the
OCR_T bits in the CTRL4 register according to
the following table:

Table 17: OCP Retry Time Setting

OCR_T OCP retry time Tocp
00
(reset value) 10mS
01 4mS
10 1mS
11 0.5mS

Over-Temperature Warning

If the die temperature exceeds the thermal
warning threshold Totw, the over-temperature
warning is triggered. If the OTW_M =1b, then
OTW and FLT bits in the FAULT register are set
and the nFAULT pin is driven active low. All
device functions remain operational. Once die
temprature drops below Torw — Torw v, the
NFAULT released. The FLT and OTW bits remain
set until writing a ‘1’ to the OTW or FLT bit, or an
NSLEEP reset pulse. If the OTW_M = 0Ob, then
FLT bit and nFAULT pin no action when over-
temperature warning.

Over-Temperature Shutdown

If the die temperature exceeds safe limits Tsp, all
MOSFETs in the H-bridge are disabled. The TSD
and FLT bits are set and the nFAULT pin is
driven low.

VIN Under-Voltage Lockout (UVLO) and
Under-Voltage Warning

If at any time the voltage on the VIN pin falls
below the wunder-voltage lockout threshold
voltage (UVLO), all the outputs (OUTX) are
disabled. Operation resumes when VIN rises
above the UVLO threshold.

If at any time the voltage on the VIN pin falls
below the under-voltage warning threshold
voltage (UVW), all device functions remain
operational. If the UV_M =1b, then UVW and FLT
bits in the FAULT register are set and the
nFAULT pin is driven active low when under-
voltage warning condition. The FLT and UVW bit
remains set until it is cleared through writing a ‘1’
to UVW or FLT bit, or an nSLEEP reset pulse. If
the UV_M = Ob, then UVW/FLT bit and nFAULT
pin are no action when the voltage on the VIN pin
falls below the under-voltage warning threshold
voltage.

Over-Voltage Protection (OVP)

If the voltage on the VIN pin exceeds the input
over-voltage threshold (Vinove), the device is
disabled, the FLT and OVP bit in the FAULT
register will be set, and the nFAULT pin will be
driven low. Once VIN drops to a safe level, the
MP6611 resumes normal operation, and nFAULT
released. The FLT and OVP bit will remain set
until writing a ‘1’ to the OVP or FLT bit, or an
nSLEEP reset pulse.

MP6611 Rev. 0.81
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Table 19: Over-Voltage Protection Function

Table 20: OLD Diagnostic Delay Time Setting

OVP_ M Protection function OLD_DLY | OLD diagnostic delay time To.p pLy
000b 37V OVP threshold, Over-voltage condition 0
(reset . . (reset 0.3mS
causes an automatic retrying fault
value) value)
001b 37V OVP threshold, Over-voltage condition 1 1.2mS
causes a latched fault . .
30V OVP threshold, Over-voltage condition The open load detection works only in standby
010b causes an automatic retrying fault mode. OLD STANDBY detects the presence of
011b 30V OVP threshold, Over-voltage condition the motor prior to commutating the motor.
e e orwags corfor | OLD-STANDBY Tes
reshold, Over-voltage condition L. )
100b | is report only but no action is tagken When device is in standby mode (DIS bit = 1b),
101b : . teps:
causes an automatic retrying fault sieps:
110b 22V OVP threshold, Over-voltage condition 1. Power up the device
causes a latched fault
22V OVP threshold, Over-voltage condition 2. Set DIS bit = “1”.
111b | : o
is report only but no action is taken

Charge Pump Under-Voltage Lockout (CPUV)

If at any time the voltage on the VCP pin falls
below the Vvcpwuv) voltage for the charge pump,
all the outputs (OUTx) are disabled, and the
NFAULT pin is driven low. The charge pump
remains active during this condition. The FLT and
CPUV bits are latched high in the SPI registers.
Normal  operation resumes  (motor-driver
operation and nFAULT released) when the VCP
undervoltage condition is removed. The FLT and
CPUV bit remains set until it is cleared through
writing a ‘1’ to the CPUV or FLT bit, or an
NSLEEP reset pulse. This protection feature can
be disabled by setting the CPUV_M bit high, then
no CPUV fault reports, but all the outputs (OUTX)
will be disabled until the VCP out of undervoltage
condition (charged by internal charge pump).

Open Load Detection

If the motor is disconnected from the device, the
MP6611 can detect the open load condition on
the outputs, the OLD bit in the FAULT register
will be set, and the nFAULT pin will be latched

low. The fault clears until writing a ‘1’ to the OLD
bit or FLT bit, or an nSLEEP reset pulse, also

clears when the device is power cycled or comes
out of sleep mode. The OLD diagnostic delay
time is programmable by the OLD_DLY bit set for
different applications.

3. Write “1” to the EN_OLDS bit to enable open
load detection

4. Perform the OLD_STANDBY test. MP6611 will
generate a sink or source current (around 1.5mA)
to output to detect whether the load connection is
ready (OUT1 and OUT2 take turns).

- If an open load (OL) is detected, the nFAULT
pin is driven low, the FLT and OLD (OLDx) bits
are latched high. Then the EN_OLDS bits will
return to the default setting (“0”).

— If an OL condition is not detected, the
EN_OLDS bits will return to the default setting
(“0”) after the ToLp_pLy time expires.

5. Set the DIS bit “0” to enable the device for
normal operation.

The DIS bit must remain “1” for the entire
duration of the OLD_STANDBY test. While the
OLD_STANDBY test is running, if the DIS bit is
issued to “0”, the OLD_STANDBY test will be
stopped to resume normal operation and no fault
is reported. And the OLD_STANDBY test is not
performed if the motor is energized.

Output short Detection in Mode1/2
In Mode1/2, the MP6611 can detect short
condition on the outputs in standby mode.

If output short to VIN or GND, the OCP/SCP bit
in the FAULT register will be set. The fault clears
until writing a ‘1’ to the OCP/SCP bit or FLT bit,
or an nSLEEP reset pulse, also clears when the
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device is power cycled or comes out of sleep
mode.

When device is in standby mode (DIS bit = 1b),
output short detection test is performed follow
below steps:

1. Power up the device
2. Set DIS bit = “1”.

3. Write “1” to the EN_OSD bit to enable output
short detection

4. Perform the output short detection test.
MP6611 will generate a sink or source current
(around 1.5mA mA) to output to detect whether
the output pins are shorted to VIN or GND (OUT1
and OUT2 take turns). The nFAULT pin will be
latched low.

- If an output short condition is detected, the
FLT and OCP/SCP bit are latched high. Then the
EN_OSD bit will return to the default setting (“0”).

— If an output short condition is not detected,
the EN_OSD bit will return to the default setting
(“0”) after the Towo_pLy time expires.

5. Set the DIS bit “0” to enable the device for
normal operation.

The DIS bit must remain “1” for the entire
duration of the output short detection test. While
the output short detection test is running, if the
DIS bit is issued to “0”, the test will be stopped to
resume normal operation and no fault register is
reported. The nFAULT pin will be low until writing
a ‘1’ to the FLT bit, or an nSLEEP reset pulse.

And the output short detection test is not
performed if the motor is energized.

Fault Indication Output

The nFAULT pin should be clear once by writing
a ‘1’ to the FLT bit, or an nSLEEP reset pulse,
after MP6611 startup with VIN or nSLEEP.

The MP6611 provides an nFAULT pin that is
driven active low if any of the protection circuits
are activated, or if the output short detection test
is performed.

These fault conditions include over-current (OC),
over-temperature (OT), over-temperature
warning (OTW), open load, under-voltage lockout
(UVLO), under-voltage warning and over-voltage
(OV). nFAULT is an open-drain output, and
requires an external pull-up resistor.

Once all fault conditions removed and device
operation resumed, nFAULT is pulled inactive
high by the pull-up resistor.

The source of the fault can be determined by
reading the FAULT register through the SPI
interface.

MP6611 Rev. 0.81
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Table 21: Diagnostic and Fault Summary Table
Fault Condition Device Recovery |Bits set |Bits cleared|nFAULT flag
Action operation by
Overcurrent Automatic OCP/SCP, |Write ‘1" to|nFault = L,
lout > locp » OCP_M = retry after a|OCP_xx, |OCP/SCP  orjuntl Iy <
00b All Outputs |certain FLT write “1" to FLT|
Hi-Z recovery time bit ocP
(Mode1/2/4)|latched OCP/SCP, nFault = L,
Half-bridge |shutdown, OCP_xx, until OCP/SCP
lout > locp » OCP_M = Hi-Z until Write ‘“1’|FLT bit is cleared
01b (Mode3) [to OCP/SCP
or write ‘1’ to
FLT bit
- - OCP/SCP, nFault=H
lour > IOC'; Ot? CP_M Unaffected OCP_xx,
FLT
lout > Iocq{ti)CP_M = | Unaffected | - nFault=H
VIN Vin > Voue Al Outputs |Automatic OVP, FLT |Write ‘1’ to OVP |nFault = L,
Overvoltage |OVP_M = 000b, 010b, |Hi-Z recovery with or FLT bit until Viy < Voue
101b Vin < Vove
Vin > Vo All Outputs|latched nFault =L,
OVP M = 001b, 011b, |Hi-Z shutdown, until OVP bit is
110b until write ‘1’ cleared
to OVP or
FLT bit
Viy > Voue Unaffected |- nFault = L,
OVP_M =100b, 111b until Vi < Voue
VIN  Under-|V\y < Vyvio All Outputs | Automatic - - When V>
voltage Hi-Z recovery Viwo, all
Lockout Vin > Vuwo register reset
VIN  Under-|V\y <V, UV_M=0b |Unaffected |- - - nFault=H
voltage Vin < Vuww, UV_M=1b UVW, FLT |Write ‘1’ to nFault = L,
warning UVW or FLT bit |until V> Vi uw
VCP Under-|Vep < Vep wvio All Outputs |Automatic CPUV, Write ‘1’ to nFault = L until
voltage DIS CPUV=0b Hi-Z recovery FLT CPUVor FLT  [Vee > Ve uuio
B Vep > bit -
VCP_UVLO
Vep < Vep wvio All Outputs | Automatic - - nFault=H
DIS CPUV=1b Hi-Z recovery
- Vep >
VCP_UVLO
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Thermal Ty > Totw, OTW_ M= 0b |Unaffected |- - - nFault = H
Warning Ty > Totw, OTW_M= 1b OTW, FLT |Write ‘1’ to nFault =L,
OTW or FLT bit |Until Ty < Totw
Torw HY
Thermal Ty>Tsp, TSD_M=0b |All Outputs|Automatic TSD, FLT |Write “1’to TSD |nFault =L,
Shutdown Hi-Z recovery with or FLT bit Until Ty < Tsp -
Ty < Tsp - Tsp_Hy
Tsp Hy
Ty>Tsp, TSD_M=1b |All Outputs|latched TSD, FLT |Write “1’to TSD |nFault =L,
Hi-Z shutdown, or FLT bit Until TSD bit is
until write ‘1’ cleared
to TSD or
FLT bit
OUT short to|OUTx > 1.4V for short|All Outputs|latched OCP/SCP, |Write ‘1’ to -
VIN or GND |to VIN test, Hi-Z shutdown, FLT OCP/SCP or
OUTx < 0.8V, for short until write ‘1’ write ‘1" to FLT
to GND test to OCP/SCP bit
or write ‘1’ to
FLT bit
Open Load Open load Unaffected |- OLD, FLT |Write ‘1’ to OLD |nFault =L,
or FLT bit Until OLD bit is
cleared
Current lout > lrrip OF lLimiT Decay Automatic - - nFault=H
regulation/limit || iMIT M = 0b mode recovery
lout > lrrip OF lLimiT Decay Automatic ILIMIT1 or|{Write ‘1’ to nFault = L until
ILIMIT M=1b mode recovery ILIMIT2, |ILIMITx or FLT |off time
- FLT bit finished or loyr

<80% X lrp
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Serial (SPI) Control Interface

A serial interface is used to configure the control modes, as well as to read back the detailed
diagnostics. Serial data is clocked in to the SDI pin by rising edges on the SCK pin, while the nSCS pin
is held active low. SDO is driven while nSCS is active low, and high impedance when nSCS is inactive
high. For a write command, the new data is written to the selected register on the rising edge of the
nSCS input. The SPI interface uses a 16-bit serial data packet, include Header/Status/Address/Data
bytes. SDI data composed of 5-bits register address, one read/write bit (“1” = write, “0” = read), and 8
data bits.

Data on SDO from the device is propagated on the falling edge of SCLK, while data on SDI is
captured by the device on the subsequent rising edge of SCLK.

For SDI data, the third bit is a read/write bit. If clear (“0” = read), the data sent is ignored and
register data is read out on the SDO pin. If set (“1” = write), the next 13 bits sent are latched into
the selected register at the end of the transfer.

The next five bits are the register address. They select both the source of data to be shifted out
the SDO pin, as well as the destination of the new data being shifted in.

The addressed register is updated on the rising edge of the nSCS input.

While nSCS pin is driven low, a status byte (7-bits, S6:S0 bits) is clocked out before the 8-bit
data, which are the FAULT flag reports. This allows a check of important status during every
SPI transaction.The SCLK pin should be high when the nSCS pin transitions from high to low
and from low to high.

The nSCS pin should be pulled high for at least 500ns between words.
The most significant bit (MSB) is shifted in and out first.

When the nSCS pin is pulled high, any signals at the SCLK and SDI pins are ignored and the
SDO pin is set Hi-Z.

SPI data transfers are performed as shown in the waveform below:

nSCS \ [
e R VAVAVAVAVAVAVAVAVAVAVAVAVAVAVAV AR
spi [ x Yo Yo Yrw) ae)as ) az)arfao)or)os)os)os)os)ozforfoof x|
spo [z Y 1 Yse)ss \sa (sa ) s2 ) st ) so)or)os)os)os)o3) o2 o1 o) z |

Figure 8: SPI Interface Timing

Daisy Chain
The device can be connected in a daisy chain configuration when multiple devices are communicating
to the same MCU, for example three devices as below.
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Target Device 3

Figure 9: Three Devices Connected in Daisy Chain

There is the HDR header byte, which contain information of the number of devices connected in the
chain, and a global clear fault command that will clear the fault registers of all the devices on the rising
edge of the chip select (nSCS) signal. CLR bit is an auto-clear bit and will always read Ob, write Ob
means “Faults not cleared”, write 1b means “Clear all faults”. Header values N4 through NO are 5 bits
dedicated to show the total number of the devices in the chain, so up to 31 devices can be connected in

series for each daisy chain connection.

After the data has been transmitted through the chain, the MCU receives the data string in the following
format, for example for 3-device configuration: 3 bytes of status (Sx), 1 byte of header (HDR), 3 bytes
of output data (DOx). So for N-device configuration, the MCU will receive the data string: N bytes of

status (Sx), 1 byte of header (HDR), N bytes of output data (DOXx).

nSCS
MDO/SDI1

HDR Addr3 Addr2 Addrl DI3 DI2 DI1
SDO1/SDI2

S1 HDR Addr3 Addr2 DO1 DI3 DI2
SDO2/SDI3

S2 S1 HDR Addr3 DO2 DO1 DI3
SDO3/MDI

S3 S2 S1 HDR DO3 DO2 DO1

Figure 10: SPI Frame with Three Devices
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Symbol | Bit7 | Bit6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Header Bytes | HDR 0 1 CLR N4 N3 N2 N1 NO
Status Byte Sx 1 oTW Uvw CPUV | OCP/SCP | TSD OLD OVP
Address Byte | Addrx 0 0 R/W A4 A3 A2 A1 AQ
Data Byte DIx/DOx | D7 D6 D5 D4 D3 D2 D1 DO
Register Map Table
Address|Register] D7 D6 D5 D4 D3 D2 D1 DO
Byte name
0x00 |FAULT| FLT oTW uvw CPUV | OCP/SCP TSD OLD OVP
Status
0x01 DIAG | OLD1 OLD2 ILIMIT1 | ILIMIT2 | OCP_H1 OCP_L1 OCP_H2 | OCP_L2
Status
0x02 |CTRL1| DIS DIS OUT1DIS OUT2EN OLDS| EN OLDA SPI IN SPI _IN1 SPI IN2
0x03 |CTRL2 | RSVD |EN OSD SR2 SR1 SRO BRAKE uv M CPUV_M
0x04 |CTRL3|TSD M| OTW M |OCP M1 |OCP MO | OCP LVL | OVP M2 OVP M1 | OVP_MO
0x05 |CTRL4|OCD _T1) OCD T0 | OCR_T1 |OCR T0 | CLB T1 CLB T0O CP _F1 CP_FO
0x06 | CTRL5 |OFF T1| OFF T0 |OLD DLY|ILIMIT M ILIMIT LVLAJILIMIT LVLO|Load OUT1|Load OUT2
FAULT

Address: 0x00
The FAULT register is used for fault indication and fault clearing.

Bits | Access | Bit Name Default Description

Global FAULT status register. Logical ‘OR’ of other fault bits.

7 R/W FLT 0b Compliments the nFAULT pin. Write a 1b to clear the all
FAULT and DIAG Status bits.

6 R/W oTW Ob Indicates over-temperature warning

5 R/W uvw 0b Indicates under-voltage warning

4 R/W CPUV Ob Indicates charge-pump under-voltage fault condition

3 R/W OCP/SCP Ob Indicates an overcurrent condition

2 R/W TSD 0b Indicates an over-temperature shutdown

1 R/W OLD 0b Indicates an open-load detection

0 R/W OVP 0b Indicates an over-voltage fault condition

NOTE: Bits in the FAULT register are cleared by writing a ‘1’ to them — writing a ‘0’ has no effect.

DIAG Status
Address: 0x01
The DIAG register is used for fault indication and fault clearing.

Bits Access | Bit Name Default Description
7 R OLD1 Ob Indicates open-load detection on half bridge 1
6 R OLD2 Ob Indicates open-load detection on half bridge 2
5 RIW ILIMITA Ob Lr:g:ﬁztgfs;gﬁ glrjizjrggt‘]r.egulation status of full bridge or the limit
4 R/W ILIMIT2 Ob Indicates the current limit status of half bridge 2.
3 R OCP_H1 Ob Indicates overcurrent fault on the high-side FET of half bridge 1
2 R OCP_L1 Ob Indicates overcurrent fault on the low-side FET of half bridge 1
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1 R OCP_H2 Ob Indicates overcurrent fault on the high-side FET of half bridge 2
0 R OCP_L2 Ob Indicates overcurrent fault on the low-side FET of half bridge 2

NOTE: Bits in the ILIMIT1/ILIMIT2 are cleared by writing a ‘1’ to them — writing a ‘0’ has no effect.
CTRL1
Address: 0x02

The CTRL1 register is used to enable or disable power stage, enable the open load diagnostic in
standby mode, sets the input logic control.

Bits Access | Bit Name Default Description

Disable mode, the device power stage in Hi-Z

7 R/W DIS 0b Ob: all power stage enabled
1b: all power stage disabled (Hi-Z)

Disable mode, only in the Mode 3 (2 x half-bridges)

6 R/W DIS_OUT1 0b Ob: Half bridge 1 enabled
1b: Half bridge 1 disabled (Hi-Z)

Disable mode, only in the Mode 3 (2 x half-bridges)

5 R/W DIS_OuT2 Ob Ob: Half bridge 2 enabled
1b: Half bridge 2 disabled (Hi-Z)

Ob: not in open load standby mode test
1b: run open load diagnostic in standby mode

4 R/W EN_OLDS Ob
When open load test complete EN_OLDS returns to Ob
(status check)

3 R/W RSVD Ob This bit must be default to Ob.
Ob: Qutputs follow input pins

2 R/W SPI_IN 0b 1b: Outputs follow SPI registers or a combination of SPI and
input pins.

1 RIW SPI IN1 Ob SPI input logic contro_l, XOR’ed with the IN1T/ENBL/PWM pin

- value (when SPI_IN = 1b).

SPI input logic control, XOR’ed with the IN2/DIR/EN pin value

0 RIW SPI_IN2 Ob (when SPI_IN = 1b).

CTRL2

Address: 0x03

The CTRL2 register is used to enable the output short detection in standby mode, sets the slew rate,
enable or disable low Iq brake mode, as well as UVW, CPUV functions.

Bits Access | Bit Name Default Description
7 R/W RSVD - -

0b: not in output short detection test
1b: run output short detection test in standby mode

6 R/W EN_OSD Ob
When output short detection test is complete EN_OSD returns

to Ob (status check)

000b: 5 V/ps
001b: 9.6 V/us
010b: 13 V/us
011b: 19 V/us
100b: 28 V/us
101b: 48 V/us
110b: 96 V/us
111b: 184 V/us

5:3 R/W SR 100b
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Low Iq Brake mode enable.

Ob: no active

2 RIW BRAKE 0b 1b: brake mode (two low-side MOSFETS turn on for full bridge
mode; follow Low Iq Brake Mode Setup table for half bridge
mode)

1 RIW UV_M Ob Ob: UVW is not reported on nFAULT or the UVW/FLT bit

1b: UVW is reported on nFAULT and the UVW/FLT bit

Ob: Charge pump under-voltage fault is reported on nFAULT
and the CPUV/FLT bit.

1b: Charge pump under-voltage fault is not reported on
nFAULT or the CPUV/FLT bit.

0 R/W CPUV_M Ob

CTRL3
Address: 0x04
The CTRL3 register sets TSD, OTW, OCP, OVP functions.

Bits Access | Bit Name Default Description

Ob: Over-temperature condition causes an automatic recovery
7 R/W TSD_M Ob fault
1b: Over-temperature condition causes a latched fault

0b: OTW is not reported on nFAULT or the OTW/FLT bit.
1b: OTW is reported on nFAULT and the OTW/FLT bit.

6 RW | OTW_M Ob

00b: Overcurrent condition causes an automatic retrying fault
01b: Overcurrent condition causes a latched fault

10b: Overcurrent condition is report on OCP/SCP, OCP_xx,
FLT bit only but no action is taken

11b: Overcurrent condition is not reported and no action is
taken

Ob: 11A
1b: 14.5A

000b: 37V OVP threshold, Over-voltage condition causes an
automatic retrying fault

001b: 37V OVP threshold, Over-voltage condition causes a
latched fault

010b: 30V OVP threshold, Over-voltage condition causes an
automatic retrying fault

011b: 30V OVP threshold, Over-voltage condition causes a
latched fault

100b: 30V OVP threshold, Over-voltage condition is report
only but no action is taken

101b: 22V OVP threshold, Over-voltage condition causes an
automatic retrying fault

110b: 22V OVP threshold, Over-voltage condition causes a
latched fault

111b: 22V OVP threshold, Over-voltage condition is report
only but no action is taken

54 R/W OCP_M 00b

3 R/W OCP_LVL Ob

2:0 R/W OVP_M 000b

CTRL4
Address: 0x05

The CTRLA4 register sets the OCP deglitch time, OCP retry time, current limit blanking time and charge
pump frequency.

Bits Access | Bit Name Default Description

7:6 R/W OCD_T 00b OCP Deglitch time setting

5:4 R/W OCR_T 00b OCP Retry time setting
MP6611 Rev. 0.81 MonolithicPower.com 30
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3:2 R/W CLB_T 00b Current limit blanking time setting
1:0 R/W CP_F 00b Charge Pump Frequency setting
CTRL5

Address: 0x06

The CTRLS register sets the current limit functions, open load detection delay time, as well as the load
information for Mode 3/4 (half-bridges mode)

Bits Access | Bit Name Default Description
7:6 R/W OFF_T 00b Constant off time setting
5 R/W OLD_DLY Ob Open load detection delay time setting

Ob: ITRIP/LIMIT is not reported on nFAULT or the ILIMITx
/FLT bit.

1b: ITRIP/LIMIT is reported on nFAULT and the ILIMITx /FLT
bit.

4 R/W ILIMIT_M Ob

00b: current limit threshold is 60% of the over-current limit
threshold

01b: current limit threshold is 80% of the over-current limit
3:2 R/W ILIMIT_LVL 00b threshold

10b: current limit threshold is 40% of the over-current limit
threshold

11b: current limit function disabled

For Mode 3/4 (half-bridges mode), do need to provide the load
information of the half-bridge. For mode 3, it's the load
information of half-bridge1. For Mode 4 (mono half-bridge),

1 RW | Load_OUT1 0b Load_OUT1 and Load_OUT2 bit should be same.

0b: load connect from OUT to GND
1b: load connect from OUT to VIN

For Mode 3/4 (half-bridges mode), do need to provide the load
information of the half-bridge. For mode 3, it's the load
information of half-bridge2. For Mode 4 (mono half-bridge),

0 R/W | Load_OUT2 Ob Load_OUT1 and Load_OUT2 bit should be same.

0b: load connect from OUT to GND
1b: load connect from OUT to VIN
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APPLICATION INFORMATION

Selecting the VCP and VCC External
Capacitors

Table 22 lists the recommended external VCP
and VCC capacitors.

Table 22: Recommended External VCP/VCC

Capacitors
Charge Pump and . :
VCC Capacitors Min | Typ | Max | Units
VCP to VIN
capacitance
VCP to VIN capacitor 10 v
voltage
VCC capacitance 4.7 10 uF
VCC capacitor 10 v
voltage

PCB Layout Guidelines

Efficient PCB layout is critical for stable
operation. For the best results, refer to Figure 5,
and follow the guidelines below:

1.

Place the supply bypass capacitors and
charge pump capacitors as close to the IC
as possible (ideally, place these capacitors
on the same PCB layer between VIN and
GND, VCC and GND, and VCP and VIN).

Supply bypass capacitors and charge pump
capacitors can also be placed on the

opposite side of the PCB directly under the
IC. Use vias to make these connections.

Place as much copper on the long pads as
possible.

Place large copper areas on the pads and
on the same outer copper layer as the IC.

Place thermal vias inside the pad area to
dissipate heat to the copper layers.

If via-in-pad construction is not possible,
place multiple vias just outside the pad area.

Figure 11: Recommended PCB Layout
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TYPICAL APPLICATION CIRCUITS

VIN
2.7V to 32V

IN1

IN2

SLEEP 100nF 470pF
’ L™

nSCS
SCLK
SDI
SDO

Controller

MP6611
ouT2

nFAULT MODE
VISEN

ISET

VCC AGND PGND PGND

ENBL

SLEEP 100nF 470pF
n T I 1 H

nSCS
SCLK
SDI
SDO

Controller

MP6611

nFAULT MODE
VISEN

ISET

VCC AGND PGND PGND

VIN
IN1 VCP [] 2.7V to 28V
IN2 VIN [
——»[JnSLEEP 100nF = = - 470uF
5 = = =+
5 nscs
g SCLK ouT1 (]
o
>l soi MP6611
SDO OuUT2 [} -———
nFAULT MODE [
VISEN 100kQ + 10 %

ISET [}

VCC AGND PGND PGND

Figure 14: 2x Half Bridge with independent PWM Input®
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TYPICAL APPLICATION CIRCUITS (continued)

Note:

8) For half bridge application, if load is connected to VIN, the recommended operating voltage is 2.7V to 28V.

Controller

PWM
EN
nSLEEP

nSCS
SCLK

SDO
nFAULT
VISEN

s MP6611

VCC AGND PGND PGND

1uF

VCP
VIN

OUT1 [

OuT2

MODE

ISET

VIN
2.7V to 28V

51kQ 10 %

Figure 15: Parallel Half Bridge®
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PACKAGE INFORMATION
QFN-20 (4mmx4mm)
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mps MP6611 — 32V, 7A, H-BRIDGE DC MOTOR DRIVER

PRELIMINARY SPECIFICATIONS SUBJECT TO CHANGE

CARRIER INFORMATION
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Package Quantity | Quantity | Quantity Reel Carrier | Carrier
Part Number Description IReel [Tube [Tra Diameter Tape Tape
P y Width | Pitch
MP6611GRE-Z | ,, QFN-20 5000 N/A N/A 13in. 12mm | 8mm
(4mmx4mm)

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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