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MP6611

36V 8A 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
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 36V, which can supply an
output current of up to 8A (depending on PCB
design and thermal conditions). Very low
standby circuit current can be achieved when
disable the device.

For the MP6611, control of the outputs is
accomplished through the IN1 and IN2 pins or
DIR and ENBL pins which the input signal
mode is set by the serial interface. A serial
interface is used to set the control modes like
input signal logic (IN1/IN2, DIR/ENBL or
independent PWM), parallel mode, 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 are available in two
variants: SPI interface and hardwired interface.
The SPI interface version are more flexibility in
device configuration and fault diagnostic.

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

FEATURES

e 2.7V to 36V Operating Supply Voltage
e Internal Full H-Bridge Driver support 100%
duty cycle
¢ Internal current-sensing and Programmable
Cycle-by-cycle Current Regulation
e Low On Resistance (HS+LS: 40mQ)
e Up to 8A Output continuous Current
e MP6611: Serial Control interface
MP6611H: hardwired 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 Ig SLEEP Mode and Brake mode
Diagnostic Functions, including:
o Open Load Detection
o Output short to Vin or GND Detection
o Over-Current Protection
o Input Over- and
Protection
o Over-Temperature
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

Under-Voltage

Warning and

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 MP6611 — 36V, 8A, H-BRIDGE DC MOTOR DRIVER

PRELIMINARY SPECIFICATIONS SUBJECT TO CHANGE

TYPICAL APPLICATION
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mps MP6611 — 36V, 8A, H-BRIDGE DC MOTOR DRIVER

PRELIMINARY SPECIFICATIONS SUBJECT TO CHANGE
ORDERING INFORMATION

Part Number Package Top Marking
MP6611GRE-AEC1* QFN-20 (4mmx4mm) See Below
MP6611HGRE-AEC1* QFN-20 (4mmx4mm) See Below

* For Tape & Reel, add suffix —Z (e.g. MP6611GRE-AEC1-2);

TOP MARKING

TBD

PACKAGE REFERENCE

PGND1 OUT1 VIN PGND1 OUT1 VIN
20 19 18 20 19 18
IN2/DIR/EN | 1 7| VCP IN2/DIR/EN |_* 7 | VCP
INI/ENBL/PWM 2 16 | SDI INL/ENBL/PWM | 2 16 ELT2
MODE| 3 L 15 | nSLEEP MODE | 3 I 15 | nSLEEP
VCC | 4 14 | nSCS VCC | 4 14 | nLD
AGND | s 1 [ 5 | SCLK AGND | s 1 ] T =] SR
ISET [ 6 [z | nFAULT ISET [ 6 [1z | nFAULT
VISEN [ 7 [u | sbo VISEN [ 7 [ | FLT1
8 9 10 8 9 10
PGND2 OUT2 VIN PGND2 OUT2 VIN
MP6611 MP6611H
SPI version HW version
QFN-20 (Ammx4mm)
MP6611 Rev. 0.1 MonolithicPower.com 3
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mps MP6611 — 36V, 8A, H-BRIDGE DC MOTOR DRIVER

PRELIMINARY SPECIFICATIONS SUBJECT TO CHANGE

PIN FUNCTIONS

SPI version
Mllzlgﬁﬁltl Pin Name Description
Input 2. This pin has an internal pulldown resistor to GND. For details, see
IN2 - - ! . ) .
the Input Logic and Output configuration section.
Full-bridge phase input (motor direction). This pin has an internal pulldown
1 - DIR - resistor to GND. For details, see the Input Logic and Output configuration
section.
Enable input for parallel half-bridge. This pin has an internal pulldown
- - EN | resistor to GND. For details, see the Input Logic and Output configuration
section.
Input 1. This pin has an internal pulldown resistor to GND. For details, see
IN1 - - ! ) . .
the Input Logic and Output configuration section.
i ENBL i Full-bridge PWM input. This pin has an internal pulldown resistor to GND.
2 For details, see the Input Logic and Output configuration section.
PWM input for parallel half-bridge. This pin has an internal pulldown
- - PWM | resistor to GND. For details, see the Input Logic and Output configuration
section.
MODE Inpgt mode pin. Sets the PH/EN, PWM, independent-PWM or parallel
mode.
4 VCC 3.3V LDO output for internal driver and logic.
5 AGND Analog ground.
Current configuration resistor. Connect a resistor to ground to set the
6 ISET current limit and VISEN output voltage. If the current limit is not desired,
the ISET pin can be connected directly to ground.
7 VISEN Current sense output terminal.
8 PGND2 Power ground2.
20 PGND1 Power ground1.
9 ouT2 Output terminal 2. Connect OUT2 to the motor winding.
19 OuUT1 Output terminal 1. Connect OUT1 to the motor winding.
10, 18 VIN Supply voltage. An input capacitor is needed to prevent large voltage

spikes from appearing at the input.

11 SDO Serial data output. Open-drain output.

12 AEAULT Fault indication pin. Open-drain output, logic low when in fault condition
(OCP, OVP, OTP, OLD, SCP, CPUV).

Serial clock. Data is shifted on the rising edge of SCLK. SCLK has an

13 SCLK internal pull-up resistor to nSLEEP internally.

14 nSCS Serial chip selection input. nSCS is pulled up to nSLEEP internally.

Sleep mode input. Logic high to enable device, logic low to enter low-

15 nSLEEP power sleep mode. nSLEEP is pulled down via an internal resistor.

16 SDI Serial data input. SDI has an internal pull-down resistor.

17 VCP Charge pump output. Connect a 1uyF, 16V, X7R ceramic capacitor to VIN.
MP6611 Rev. 0.1 MonolithicPower.com 4
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MP6611 — 36V, 8A, H-BRIDGE DC MOTOR DRIVER

PRELIMINARY SPECIFICATIONS SUBJECT TO CHANGE

HW version
leégle Pin Name Description
Input 2. This pin has an internal pulldown resistor to GND. For details, see
IN2 - - ; ) . .
the Input Logic and Output configuration section.
Full-bridge phase input (motor direction). This pin has an internal pulldown
1 - DIR - resistor to GND. For details, see the Input Logic and Output configuration
section.
Enable input for parallel half-bridge. This pin has an internal pulldown
- - EN | resistor to GND. For details, see the Input Logic and Output configuration
section.
Input 1. This pin has an internal pulldown resistor to GND. For details, see
IN1 - - ; ) . ;
the Input Logic and Output configuration section.
i ENBL i Full-bridge PWM input. This pin has an internal pulldown resistor to GND.
2 For details, see the Input Logic and Output configuration section.
PWM input for parallel half-bridge. This pin has an internal pulldown
- - PWM | resistor to GND. For details, see the Input Logic and Output configuration
section.
MODE Inpgt mode pin. Sets the PH/EN, PWM, independent-PWM or parallel
mode.
4 VCC 3.3V LDO output for internal driver and logic.
5 AGND Analog ground.
Current configuration resistor. Connect a resistor to ground to set the
6 ISET current limit and VISEN output voltage. If the current limit is not desired,
the ISET pin can be connected directly to ground.
7 VISEN Current sense output terminal.
8 PGND2 Power ground?2.
20 PGND1 Power groundl.
9 ouT2 Output terminal 2. Connect OUT2 to the motor winding.
19 ouUT1 Output terminal 1. Connect OUT1 to the motor winding.
10. 18 VIN Supply voltage. An input capacitor is needed to prevent large voltage
' spikes from appearing at the input.
Fault monitor pin. Detailed please see the Fault Indication Output section.
11 FLT1 . . .
This output is open drain.
12 AEAULT Fault indication pin. Open-drain output, logic low when in fault condition
(OCP, OVP, OTP, OLD, SCP, CPUV).
13 SR Slew rate adjust. This pin sets the slew rate of the H-bridge outputs.
Load diagnostic control pin, low to enable the load detective at IC start up
14 nLD (open load, and output short detection for full-bridge Mode1/2). Pulled up
to nSLEEP internally, float to disable this function.
Sleep mode input. Logic high to enable device, logic low to enter low-
15 nSLEEP . . . .
power sleep mode. nSLEEP is pulled down via an internal resistor.
16 FLT? Fault monitor pin. Detailed please see the Fault Indication Output section.
This output is open drain.
17 VCP Charge pump output. Connect a 1uF, 16V, X7R ceramic capacitor to VIN

MP6611 Rev. 0.1
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MP6611 — 36V, 8A, H-BRIDGE DC MOTOR DRIVER

PRELIMINARY SPECIFICATIONS SUBJECT TO CHANGE

ABSOLUTE MAXIMUM RATINGS @ Thermal Resistance @  @:a  @ic
Input supply voltage (Vin)............ —0.3V to +40V QFN-20 (4mmx4mm)......... ... 44 ...9...°C/W
VCC (VCC) eatetereeerrerreeeeeereeenerenn. —0.3V to +5V
OUTx voltage..........cccccevvvrninnnnn. —0.7V to +40V N)otesz dinah . e
; 1) Exceeding these ratings may damage the device.
OUTx VOItage (<100ns tranSIGnt) 2V to +40V 2) The maximum allowable power dissipation is a function of the
............................................. - (0] maximum junction temperature T, (MAX), the junction-to-
VCP e Vin to Vin +5V ambient thermal resistance 8sa, and the ambient temperature
Ta. The maximum allowable continuous power dissipation at
VISEN, ISET ..ot —0.3V to +5V e : °
v y ambient temperature is calculated by Pp (MAX) = (T
All other pins........cceeeeviiiiiiieiinn, -0.3V to +6V (MAX)-TA)0;1. Exceeding the maximum allgwable powe#
. L . _ ° 2 dissipation will cause excessive die temperature, and the
Continuous power dISSIpatIOI’] (TA =+25 C) @ regulator will go into thermal shutdown. Internal thermal
QFN-20 (4mmx4mm) _________________________ 2.84W shutdown circuitry protects the device from permanent
o o damage.
?toré':_ge ttemperat:”e """""""" —65°Cto +128 g 3) The device is not guaranteed to function outside of its
unction temperature ...........ccoeeeveeeneeennnnnn. ° operating conditions.
Lead tempergture (solder) ....cceevvvevreennns 260°C 4) Measured on JESD51-7, 4-layer PCB.
ESD Ratings
Human-body model (HBM) .............c........ 2000V
Charged-device model (CDM) ................. 750V
Recommended Operating Conditions @
Input supply voltage (Vin) ......eeeveennes 2.7V to 36V
Operating junction temp (T;) ....-40°C to +150°C
MP6611 Rev. 0.1 MonolithicPower.com 6
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MP6611 — 36V, 8A, H-BRIDGE DC MOTOR DRIVER
PRELIMINARY SPECIFICATIONS SUBJECT TO CHANGE

ELECTRICAL CHARACTERISTICS
2.7V <=V <= 36V, T; = -40°C to 150°C, unless otherwise noted.

Parameters ‘ Symbol ‘Condition ‘ Min ‘ Typ ‘Max| Units
Supply Voltage
VIN operating range Vin 2.7 36 Vv
Turn-on threshold Vuvio | VIN rising edge 23| 25 | 27 \Y
Turn-on hysteretic voltage VuviLo_Hys 0.2 \%
VIN UV warning threshold Vuww 33| 35 | 37 Y
IC Supply
Shutdown current IIN_sD Vin = 13.5V, nSLEEP = low 1 MA
Quiescent current lIN_BRAKE \rgg;el&‘r’v’ NSLEEP = H, Low Iq brake 10 20 MA
Operation current \Z/gkazl%\?vvl\,ﬂnSLEEP = High, no load, 10 mA
VCC regulator voltage Vvce Vin > 3.6V, 10mA load 27| 33 | 3.6 \%
ygtgéggulator drop output Vwveeo | Vin € 3.6V, 10mA load 200 mv
IC SLEEP time Tsieer  |NSLEEP low to start device shutdown 50 us
NSLEEP reset pulse Treser |NSLEEP low to only clear fault registers | 5 20 us
IC start-up delay Ton RgtEEE :'glhtgro\lleNx ?e;/;;,’m when 1 ms
IC Disable time Toisaste | DIS transition from “0” to “1” 5 20 us
Low Ig brake mode entre time IN1=IN2=H or ENBL=L 100 | 200 | 300 | ms
Input Logic (INL/ENBL/PWM, IN2/DIR/EN, nSLEEP, SDI)
Input high voltage ViH 1.5 \%
Input low voltage ViL 0.7 \%
Input logic hysteresis VI_Hys 150 mV
Input high current lH Vce = 3.3V -20 20 HA
Input low current 1 Vce = 0V -20 20 HA
Input pull-down resistance Rep To GND 400 kQ

lo=1A, Vin = 13.5V, SR=000b 13

lo=1A, Vin = 13.5V, SR=001b 7.8

lo=1A, Vin = 13.5V, SR=010b 5
Propagation delay lo=1A, Vin =13.5V, SR=011b 4
(ENBL/INX/DIR to OUTx = Tep Ms
50%) lo=1A, Vin = 13.5V, SR=100b 2.6

lo=1A, Vin =13.5V, SR=101b 1.6

lo=1A, Vin =13.5V, SR=110b 1.2

lo=1A, Vin = 13.5V, SR=111b 0.6
Input Logic (nSCS, SCLK)
Input high voltage ViH 15 Vv
Input low voltage Vi 0.7 Vv
Input logic hysteresis Vi_Hvs 150 mV
Input pull-up resistance Reu 400 kQ

MP6611 Rev. 0.1
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mps MP6611 — 36V, 8A, H-BRIDGE DC MOTOR DRIVER
PRELIMINARY SPECIFICATIONS SUBJECT TO CHANGE

ELECTRICAL CHARACTERISTICS (continued)
2.7V <V|n <36V, T; = -40°C to 150°C, unless otherwise noted.

Parameters ‘ Symbol | Condition ‘ Min ‘ Typ ‘ Max ‘ Units
nFault Output (Open-Drain Output)
Output low voltage VoL |lo=5mA 0.4 Vv
Output high leakage current lon |Vo=3.3V -1 1 MA
Power MOSFET
R lo=1A, Ta = 25°C, 15 20 25 mQ
_ " T16=1A, Tj = -40 to 150°C 25 | 30 | 40 | mQ
Output on resistance
R lo=1A, Ta = 25°C, 15 20 25 mQ
Y [1o=1A, Tj = -40 to 150°C 25 | 30 | 40 | mQ
. ) lo=1A, SR=000b, VIN=13.5V 22
Minimum on time Tmon Hs
lo=1A, SR=111b, VIN=13.5V 0.6
lo=1A, SR=000b 25
lo=1A, SR=001b 4.8
lo=1A, SR=010b 6.5
lo=1A, SR=011b 9.5
SR (SPI) _ SR 0 Viys
(OUTx 10% to 90% changing) lo=1A, SR=100b* 14
lo=1A, SR=101b 24
lo=1A, SR=110b 48
lo=1A, SR=111b 92
lo=1A, Rsr = No connect (Hi-Z) 14
SR (HW) SR lo=1A, Rsr = 56kQ + 5% to GND 24 Vius
(OUTx 10% to 90% changing) lo=1A, Rsr = 27kQ * 5% to GND 48 H
lo=1A, Rsr = connect to GND 92
. SR=000b 250 ns
Dead time Toeap
SR=111b 50 ns
Body diode forward voltage Ve_piope |lo=1A 0.8 \%
Switching Frequency
Applied PWM frequency | Fewu |CP_F=00b | | | 100 | KkHz
CHARGE PUMP (VCP)
VCP operating voltage Vvcp | with respect to VIN V?I)’\; \%
VIN > Vuvio; NSLEEP = 1; CP_F=00b 3000
Charge pump switching F VIN > Vuvio; NSLEEP = 1; CP_F=01b 1500 KHz
frequency “® |VIN > Vuvio: nNSLEEP = 1: CP_F=10b 750
VIN > Vuvio; NSLEEP =1; CP_F=11b 375
Protection
OC_ADJ =0b 15 18 21 A
Over-current threshold loc
OC_ADJ =1b 20 24 28 A
OCR_T =00b 10
. OCR_T =01b 4
OCP retry time Tocr = ms
OCR_T =10b 1
OCR_T=11b 0.5
MP6611 Rev. 0.1 MonolithicPower.com 8
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mps MP6611 — 36V, 8A, H-BRIDGE DC MOTOR DRIVER

PRELIMINARY SPECIFICATIONS SUBJECT TO CHANGE

ELECTRICAL CHARACTERISTICS (continued)
2.7V <V|Ny <36V, T; = -40°C to 150°C, unless otherwise noted.

Parameters Symbol | Condition Min | Typ | Max | Units
OCD_T =00b 0.75 1 1.25
Over-Current Deglitch Time Tocr p OCD_T =01b 038 | 05 | 062 us
- |OCD_T =10b 15 2 25
OCD_T =11b 3 4 5
Vove |OVP_M =000b —001b 36 37 38 Vv
Input over-voltage threshold OVP_M =010b — 100b 29 30 31 \%
OVP_M =101b-111b 21 22 23 \%
:_I?)[/)Sutte (r)(;/:irs voltage threshold Vove_Hvs > Vv
ggﬁgbbor"’r‘]dogg”em for los 1 [15] 2 | mA
Open load active mode VoLa 100 | 200 | 300 mV
Open load diagnostic delay ToL OLD_DLY =0b 0.3 ms
time OLD DLY =1b 1.2
Thermal shutdown Tsp 155 170 | 185 °C
Thermal shutdown hysteresis Tsp_Hy 20 °C
Thermal Warning Totw 130 | 140 | 150 °C
Current Control
ISET current lser  [lo>=1A 95 100 | 105 | pA/A
lo>= 1A -5 +5 %
ISET current error liseT
lo< 1A 5 5 MA
Current trip voltage (rising) Vitripr | At ISET pin 144 | 15 | 1.56 \%
Current trip voltage (falling) VitripF | At ISET pin 1.15 1.2 | 1.25 \%
Sense Delay Time (OUTXx to Teen o VISEN = 2V; SR = 000b 11 us
VISEN) ~ |VISEN =2V; SR =111b 1.2
CLB_T =00b 0.75 1 1.25
N CLB_T=01b 15 2 25
Blanking time TBLANK = V&
CLB T=10b 3 4 5
CLB T=11b 6 8 10
OFF_T =00b 20
. OFF _T=01b 40
Off time Torr = us
OFF _T=10b 60
OFF T=11b 80
VISEN output
Output voltage accuracy AVvisen | Viser > 0.2V ‘ -5 ‘ ‘ 5 ‘ %
MP6611 Rev. 0.1 MonolithicPower.com 9
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MP6611 — 36V, 8A, H-BRIDGE DC MOTOR DRIVER

PRELIMINARY SPECIFICATIONS SUBJECT TO CHANGE

TIMIMG CHARACTERISTICS

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

® © (D]
nSCS _
SCLK
soi - By X X X X
sbpo —— X X W X o X z
—
Parameter Symbol | Condition | Min | Typ | Max | Units
SCLK cycle time 1 100 ns
SCLK frequency 0.1 5 MHz
SCLK low time t2 50 ns
SCLK high time t3 50 ns
SCLK rise/fall time - 50 ns
Setup time nSCS low to SCLK rising t4 30 ns
Setup time SDI valid to SCLK rising t5 15 ns
Hold time SCLK rising to SDI invalid t6 10 ns
nSCS low to SDO enabled t7 40 ns
nSCS high to SDO high-z t8 50 ns
SCLK rising to SDO valid t9 CL < 100pF 10 ns
nSCS inactive time t10 100 ns

MP6611 Rev. 0.1

6/28/2024

Preliminary Specifications Subject to Change

MonolithicPower.com

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

© 2024 MPS. All Rights Reserved.

10



MPS Confidential - For Future Electronics Use Only

mps MP6611 — 36V, 8A, H-BRIDGE DC MOTOR DRIVER

PRELIMINARY SPECIFICATIONS SUBJECT TO CHANGE

TYPICAL CHARACTERISTICS

TBD
MP6611 Rev. 0.1 MonolithicPower.com 11
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mps MP6611 — 36V, 8A, H-BRIDGE DC MOTOR DRIVER

PRELIMINARY SPECIFICATIONS SUBJECT TO CHANGE
TYPICAL CHARACTERISTICS (continued)

TBD
MP6611 Rev. 0.1 MonolithicPower.com 12
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mps MP6611 — 36V, 8A, H-BRIDGE DC MOTOR DRIVER

PRELIMINARY SPECIFICATIONS SUBJECT TO CHANGE

TYPICAL PERFORMANCE CHARACTERISTICS
Vin = 13.5V, Ta = 25°C, unless otherwise noted.

TBD
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mps MP6611 — 36V, 8A, H-BRIDGE DC MOTOR DRIVER
PRELIMINARY SPECIFICATIONS SUBJECT TO CHANGE
FUNCTIONAL BLOCK DIAGRAM

VIN
VIN VCP
T T * —E]—| '— VIN
Charge
T VREF Pump
= Int. VCC
MODE sc : UVLO
1 ate Drive V OVP
+ OoTS
= INI/ENBL/PWM <
IN2/DIR/EN
1
NnSLEEP Gate r @
5 nSCS/nLD Control " | Driver |
— H i
g SCLK/SR Logic
g A
O SDI/FLT2
SDO/FLT1
» _ | Curr.
nFAULT > Reg.
A
X2
VISEN
— ] I
ITRIP p
1.5V
—11 VvCC
AGND
— — PGND_._'_I_!_ ISET A
A% i =
Figure 1: Functional Block Diagram
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MP6611 — 36V, 8A, H-BRIDGE DC MOTOR DRIVER

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
control mode, 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 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 INI/ENBL/PWM and IN2/DIR/EN, by
using writes to the SPI_IN1 and SPI_IN2 bits in
the CTRL1 register via SPI, or a combination of
both. When SPI_IN = 0Ob, outputs follow input
pins only; when SPI_IN = 1b, outputs follow SPI
registers or a combination of SPI and input pins.
The enable function uses the level on the pin
exclusive-or’ed with the state of corresponding
register bits in the OUT register. This allows
control to be done with either the SPI interface
or pins. In addition, by programming the bit to
‘1, the input state is inverted. Refer to below
table for the logic control combination of SPI
and input pins.

Table 6-1: logic control combination of SPI and
input pins (when SPI_IN = 1b)

MODE | Setup | . I"PUt output.
interface | configuration
1 GND IN1/IN2 full bridge
2 VCC DIR/ENBL full bridge
3 Float IN1/IN2 | 2 x half bridges
51kQ + 5% Parallel half
4 to GND PWM/EN bridge

SPI Input PIN1 Input Logic
SPI_IN1 | (INIJ/ENBL/PWM) | (IN1J/ENBL/PWM)

0b L L

0b H H

1b L H

1b H L

The following tables show the input logic truth

table for the different modes.

Table 6-2: logic control combination of SPI and
input pins (when SPI_IN = 1b)

Table 2: Input Logic Truth Table for Mode 1 SPI Input PIN2 Input Logic

IN1| IN2 | OUT1 | OUT2 Function (DC Motor) SPI_IN2 (IN2/DIR/EN) (IN2/DIR/EN)
L L z z Coast Ob L L
L H L H Reverse Ob H H
H L H L Forward 1b L H
H H L L Brake 1b H L

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

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
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waking up from sleep mode, some time (TpeLay)
needs to be passed before the outputs operate.

NSLEEP Reset Pulse

For both SPI and HW version, the pre-controller
can clear the device all fault flags and latched
fault status by a nSLEEP reset pulse (nSLEEP
low pulse between 5-20us), equivalent to the
FAULT CLR command in the SPI version.

NSLEEP as SDO reference

The nSLEEP pin manages the state of the
device. The device goes into sleep mode with a
logic-low signal, and comes out of sleep mode
when the nSLEEP pin goes high. The signal
level when the nSLEEP pin goes high
determines the logic level on the SDO output in
the SPI version of the device. A 3.3-V signal on
the nSLEEP pin provides a 3.3-V output on the
SDO output. A 5-V signal on the nSLEEP pin
provides a 5-V output on the SDO pin. If the
sleep feature is not required, the nSLEEP pin
can be connected to the MCU power supply. In
that case, when the MCU is powered-up, the
motor driver device is also be powered-up.

Brake mode Operation

For the MP6611 SPI version, when BRAKE bit
=1b as below table, the low Ig 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 3/4. In low Iq
brake mode, 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.

For HW version, only Mode 1/2 has the low Iq
brake mode, the device will operate in low Iq

brake mode when IN1=IN2=H or ENBL=L over
200mS.

Table 7: Low Ig brake mode setup of SPI version

BRAKE | MODE |  IN setup out
configuration
INI=IN2=H or | OUTL = OUT2
1b Y2 | ENBL=L > 0.25 =L
1b 3 i OUTx = INX
1b 4 i OUT = IN

EN

IOUT

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
output voltage on the VISEN pin will be 0.5V/A
of output current.

Current is sensed any time one of the low-side
MOSFETs 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.
This operates as described below:

Il_!ll_!l

| T
O

- “I ) - Im Im-
o

! !
IHR\I’ IHRH’ [HRH’ [HRH’ tHRH’ tHHH’
No ITRIP Decay <80% of ITRIP Decay > 80% of ITRIP
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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 (Vitripr), the H-bridge
switches to slow decay mode, with the
two low-side MOSFETS turned on.

e After a fixed off-time (tore), 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_T1:0FF_TO bits in the CTRL5 register
as follows:

Table 8: fixed off-time setting

OFF_T Off Time torr
00b* 20uS
01b 40uS
10b 60uS
11b 80uS

*Reset Value (value for HW version)

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
control is typically performed by providing an
external PWM signal to the input pins.

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

For SPI version, 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.

For hardware version, during current regulation,
the nFAULT pin is not activated. And the off time
is 20uS.

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 (Viuwir), 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 Viumir level, the device
enforces another tore time period of the
same duration.

The fixed off-time is determined by the setting of
the TOFF1L.TOFFO bits in the CTRL5 register,
same with current regulation.

The current limit threshold is programmable as
below table of the SPI version, which is related
with over-current threshold. In the hardware
version of the device, the current limit threshold
is set to 60% of over-current threshold.

To disable current limit in the hardware version of
the device, the ISET pin must be connected to
GND.

Table 9: Current Limit setting

ILIMIT LVL | xx% of the over-current threshold
00b* 60%
01b 80%
10b 40%
11b disabled

*Reset Value (value for HW version)
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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.

For SPI version, during current limit, the nFAULT
pin is not activated unless the ILIMIT_M bit = 1b.

For hardware version, during current limit, the
NFAULT pin is not activated.

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 riging/falling time.

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

Table 10: OCP Deglitch time setting

OCD T OCP Deglitch time Tocp b
00b* 1us
01b 0.5uS
10b 2uS
11b 4uS

*Reset Value (value for HW version)

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

Table 11: Current regulation/limit blanking time

CLB T Blanking time tgiank
00b* 1us
01b 2uS
10b 4us
11b 8us

*Reset Value (value for HW version)

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 12: slew rate setting

SR Rising Time tre
SP| HW V/us
000b - 2.5
001b - 4.8
010b - 6.5
011b - 9.5
100b* No connect (Hi-Z) 14
101b 56 kQ £ 5% to GND 24
110b 27 kQ £ 5% to GND 48
111b Connect to GND 92

*Reset Value

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 13: Charge Pump Frequency setting

CP F Charge Pump Frequency
00b 3MHz
0lb* 1.5MHz
10b 750kHz
11b 375kHz

*Reset Value (value for HW version)

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
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
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in the CTRL3 register according to the following
table.

Table 14: Over-Current Protection function

OCP M Protection function
00* Output Hi-Z, automatic retrying fault
01 Output Hi-Z, latched fault
10 report only but no action is taken
11 not reported and no action

*Reset Value (setup for HW version)
Table 15: Over-Current Threshold

OCP LVL Min. OC Threshold
0* 15A
1 20A

*Reset Value (value for HW version)

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

Table 16: OCP Retry time setting

OCR T OCP retry time Tocp
00* 10mS
01 4mS
10 1mS
11 0.5mS

*Reset Value (value for HW version)

Over-Temperature Warning

If the die temperature exceeds the thermal
warning threshold, 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. The bits remain set
and nFAULT is driven low until the OTW bit is
cleared by writing a ‘1’ to the OTW or FLT bit, or
an nSLEEP reset pulse. If the OTW_M = 0b, then
FLT bit and nFAULT pin no action when over-
temperature warning.

Over-Temperature Shutdown

If the die temperature exceeds safe limits, all
MOSFETSs in the H-bridge are disabled. The OTS
and FLT bits are set and the nFAULT pin is
driven low. This protection is released and the H-
bridges are automatically re-enabled when the
temperature drops below the Tors threshold. The
OTS bit remains set and nFAULT is driven low
until the FLT bit is cleared by writing a ‘1’ to the
OTS or FLT bit, or an nSLEEP reset pulse.

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

If at any time the voltage on the VIN pin falls
below the under-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 = 0b, 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 (Vinowe), 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.

Table 17: Over-Voltage Protection function

OVP_M Protection function

37V OVP threshold, Over-voltage condition
000b* ; .

causes an automatic retrying fault

37V OVP threshold, Over-voltage condition
001b

causes a latched fault

30V OVP threshold, Over-voltage condition
010b ; .

causes an automatic retrying fault

30V OVP threshold, Over-voltage condition
011b

causes a latched fault

30V OVP threshold, Over-voltage condition
100b | o

is report only but no action is taken

22V OVP threshold, Over-voltage condition
101b ; .

causes an automatic retrying fault

22V OVP threshold, Over-voltage condition
110b

causes a latched fault

22V OVP threshold, Over-voltage condition
111b | o

is report only but no action is taken

*Reset Value (value for HW version)
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Charge Pump Under-Voltage Lockout (CPUV)

If at any time the voltage on the VCP pin falls
below the Vvcpwv) 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 DIS_CPUV bit high,
then the outputs will keep operation under the
VCP undervoltage condition.

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.

Table 18: OLD diagnostic delay time setting

OLD DLY | OLD diagnostic delay time Toip pLy
o* 0.3mS
1 1.2mS

*Reset Value (value for HW version)

For SPI version, the open load detection works in
both standby mode (OLD_STANDBY) and active
mode (OLD_ACTIVE). OLD_STANDBY detects
the presence of the motor prior to commutating
the motor. OLD_ACTIVE detects the motor

disconnection from the driver during commutation.

HW version only has open load detection in
standby mode. If nLD is low, the open load
detection will be enabled at IC start up (hnSLEEP
from low to high) with power stage disabled, the
normal operation will start once open load
detection test is finished.

OLD_STANDBY Test

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

1. Power up the device
2. Select the mode through SPI (M1, MO bits).

3. Set DIS bit = “1”, wait for the TpisasLe time to
disable the power stage.

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

5. Perform the OLD_STANDBY test. MP6611 will
generate a sink or source current (around 2mA)
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.

6. 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.

OLD_ACTIVE Test

When device is in active mode, the open load
test is performed follow below steps:

1. Power up the device
2. Select the mode through SPI
3. active device, normal operation

4. write “1” to the EN_OLDA bit to enable open
load detection.

5. check whether the winding current reach the
1A within 1ms

- if yes, open load condition is not detected
- if no, then start next step

6. when the high-side FET is turned off, do not
turn on the corresponded FET in the same half-
bridge, to allow the current to recirculate through
the body diode.
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- If there is an inductive load present, the winding
current will freewheel and pass through the
corresponded FET’s body diode, an open load is
not detected if the energy stored in the inductor is
high enough to cause an overshoot greater than
the VOLA below GND.

- If there is no load connected, the output floats,
as would be the case if the motor winding was
open. Then the OUTx pin does not go below
ground, an open load error is detected.

If an open load is detected, the OLD bit, and the
FLT bit in the FAULT register are set, and the
NFAULT pin is driven active low. All device
functions remain operational. The bits remain set
and nFAULT is driven low until the fault is
cleared by writing a ‘1’ to the OLD or FLT bit, or
an nSLEEP reset pulse.

The OLD_ACTIVE test is disabled by default and
can be enabled by writing a 1b to the EN_OLDA
bit. When OLD_ACTIVE test enabled, if the
loa_trip triggered, then the open load detection
will be stopped also.

Output short Detection in Model/2

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

For SPI version, if output short to VIN or GND,
the OCP/SCP 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 OCP/SCP bit
or FLT bit, or an nSLEEP reset pulse, also clears
when the 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. Select the mode through SPI (M1, MO bits).
Only Mode1/2 has this function.

3. Set DIS bit = “1”, wait for the TpisasLe time to
disable the power stage.

4. Write “1” to the EN_OSD bit to enable open
load detection

5. Perform the output short detection test.
MP6611 will generate a sink or source current
(around 2mA) to output to detect whether the

output pins are shorted to VIN or GND (OUT1
and OUT?2 take turns).

- If an output short condition is detected, the
NFAULT pin is driven low, 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 is not detected,
the EN_OSD bit will return to the default setting
(“0”) after the ToLp pLy time expires.

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

For HW version, in Model/2, there is the output
short detection after open load detection in
standby mode. If nLD is low, the open load
detection will be enabled at IC start up (nSLEEP
from low to high) with power stage disabled, the
output short to VIN or GND detection will be
started once open load detection finished.

Fault Indication Output (nFAULT, FLT1, FLT2)

The MP6611 provides an nFAULT pin that is
driven active low if any of the protection circuits
are activated. 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.

For SPI version, the source of the fault can be
determined by reading the FAULT register
through the SPI interface.

The HW version has two fault monitor pins (FLT1
and FLT2), which are active Ilow and
open-drain  outputs. Their function is for
protection-mode signaling to a PWM controller or
other system control device, as shown in the
below table.
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Table 19-1: Diagnostic and Fault Summary Table of SPI version

Fault Condition Device Recovery |Bits set |Bits cleared|nFAULT flag
Action operation by
Overcurrent Automatic OCP/SCP,|Write ‘1 tolnFault = L,
lout > locp » OCP_M = retry after a|OCP_xx, |OCP/SCP or|until OCP/SCP
00b All Outputs |certain FLT write ‘1’ to FLT|is cleared
Hi-Z recovery time bit
(Mode1/2/4)|latched OCP/SCP, nFault = L,
Half-bridge |shutdown, OCP_xx, until OCP/SCP
lour > locp » OCP_M = Hi-Z until Write ‘1’ |FLT is cleared
01b (Mode3) [to OCP/SCP
or write ‘1’ to
FLT bit
_ - OCP/SCP, nFault = L,
lour > locp , OCP_ M= 11\ - frected OCP_xx, until OCP/SCP
10b FLT is cleared
lout > locp » OCP_M = Unaffected |~ - nFault = H
11b
VIN Vi > Voue All Outputs | Automatic OVP, FLT |Write ‘1’ to OVP |nFault = L,
Overvoltage |OVP M = 000b, 010b, Hi-Z recovery with or FLT bit until OVP is
101b Vin < Vovp cleared
Vi > Voue All Outputs|latched nFault = L,
OVP M = 001b, 011b,|Hi-Z shutdown, until OVP is
110b until write ‘1’ cleared
to OVP or
FLT bit
Vin > Voue Unaffected |- nFault = L,
OVP_M = 100b, 111b until OVP is
cleared
VIN  Under-|V < Vyuo All Outputs | Automatic - - When V,, >
voltage Hi-Z recovery Vivio, all
Lockout Vin > Voo register reset
OUT short to|OUTx > 1.4V for short|All Outputs|latched OCP/SCP, |Write ‘1’ to nFault = L,
VIN or GND [to VIN test, Hi-Z shutdown, FLT OCP/SCP or until OCP/SCP
OUTx < 0.8V, for short until write ‘1’ write ‘1" to FLT |is cleared
to GND test to OCP/SCP bit
or write ‘1’ to
FLT bit
VIN  Under-|V,, <V, UV_M=0b |Unaffected |- - - nFault=H
voltage Vin < Vouw, UV_M=1b UVW, FLT |Write ‘1’ to nFault =L,
warning UVW or FLT bit |until UVW
cleared
VCP  Under-|Vep < Vep wvio All Outputs | Automatic CPUV, Write ‘1’ to nFault = L until
voltage DIS CPUV=0b Hi-Z recovery FLT CPUV or FLT CPUVis
h Ve > bit cleared
VCPfUVLO
Ver <Vep uvio - - - - -
DIS_CPUV=1b
Thermal T3> Totw, OTW_M=0b |Unaffected |- - - nFault=H
Warning T3> Totw, OTW_M=1b OTW, FLT |Write ‘1’ to nFault = L,
OTW or FLT bit |Until OTW is
cleared
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Thermal Ts>Trsp All  Outputs |Automatic TSD, FLT |Write ‘1’ to TSD |nFault =L,
Shutdown Hi-Z recovery with or FLT bit Until TSD is
Ti<Trsp cleared
Open Load Open load Unaffected |- OLD, FLT |Write ‘1’ to OLD |nFault =L,
or FLT bit Until OLD is
cleared
Current lout > ltrip OF lumiT Decay Automatic - - nFault = H
regulation/limit ;. \MIT M = Ob mode recovery
lout > ltrip OF lumiT Decay Automatic ILIMITL1 or|Write ‘1’ to nFault = L until
ILIMIT M= 1b mode recovery ILIMIT2, |ILIMITx or FLT |ILIMITX is
B FLT bit cleared
Table 19-2: Diagnostic and Fault Summary Table of HW version
Fault Condition |Device Recovery NFAULT flag
Action operation FLT1 FLT2 NnFAULT
Overcurrent All Outputs |Automatic retry|L L nFault = L, and
Hi-Z after a certain automatic
L > (Model/2/4) |recovery time recovery
ouT — ock Half-bridge
Hi-Z
(Mode3)
VIN Vin > Voue All Outputs|Automatic H L nFault = L,
Overvoltage Hi-Z recovery with V until Vi < Vgyp
< VOVP
VIN  Under-|V,y < Vyuo All  Outputs | Automatic - - -
voltage Hi-Z recovery V, >
Lockout Vivio
VIN  Under-|Vy <V Unaffected |- H L, until nFault =
voltage Viy>Vow |L until V>
warning Voww
VCP Under-|Vep < Vep uuio |All Outputs |Automatic H H nFault = L,
voltage B Hi-Z recovery Vep > until Vgp >
VCP_UVLO VCP_UVLO
Thermal Ti>Totw Unaffected |- L, until T3 < Totw H nFault=H
Warning
Thermal T3> Trsp All  Outputs | Automatic L H nFault = L,
Shutdown Hi-Z recovery with T, Until until Ty <
< Ttsp TTsD_falling
Load Open load for|All Outputs|latched H L nFault = L,
Diagnostics |all modes, |Hi-Z shutdown until an
short to NSLEEP reset
VIN/GND  for pulse, or
Model/2 device restart
with load fault
cleared
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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.

The SPI interface uses a 16-bit serial data
packet, composed of 5-bits register address,
one read/write bit (“1” = write, “0” = read), and 8
data bits.

e 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.

e 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.

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

e 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.

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

nSCS ‘

—

SCK X

AVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAY '

sbl [ x XOXOXR/\NXA4XA3XAZXAlXAOXD7XD6XD5XD4XD3XD2XD1XDOX x|

sbo | z

X 2 XSGXSSXS4XS3XSZXSlXSOXD?XD6XD5XD4XD3XD2XD1XDOX z |

Figure 1: 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.

Master Device Slave Device 1

MDO/SDI1
MDO |:

Cs

Slave Device 2 Slave Device 3

SDO3/MDI

CLK

MDI

A

Figure 2: Three Devices Connected in Daisy Chain

MP6611 Rev. 0.1
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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. 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 (DOXx). 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 (DOX).

nSCS
MDO/SDI1
HDR Addr3 | Addr2 | Addrl DI3 DI2 DI1
SDO1/SDI2
S1 HDR Addr3 Addr2 DO1 DI3 DI2
SD0O2/SDI3
S2 s1 HDR Addr3 DO2 DO1 DI3
SDO3/MDI
S3 S2 s1 HDR DO3 DO2 DO1
Figure 3: SPI Frame With Three Devices
All bytes Descriptions:
Symbol | Bit7 Bit 6 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 OVvP
Address Byte | Addrx 0 0 R/W A4 A3 A2 Al A0
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 ILIMITL | 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_TO | OCR T1 |OCR TO| CLB_T1 CLB_TO CP_F1 CP_FO
0x06 | CTRL5 |OFF_T1| OFF_TO | OLD_DLY |ILIMIT M|ILIMIT_LVLIJILIMIT_LVL2] RSVD RSVD
MP6611 Rev. 0.1 MonolithicPower.com 25
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FAULT register
Address = 0x00

PRELIMINARY SPECIFICATIONS SUBJECT TO CHANGE

Bits | Access | Bit Name Default Description

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

7 R/W FLT 0Ob 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 0Ob Indicates charge-pump under-voltage fault condition

3 RW OCP/SCP Ob Indicates an overcurrent or short circuit condition

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

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

0 R/W OVvP Ob 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 register
Address = 0x01

Bits | Access | Bit Name Default Description
7 R OoLD1 Ob Indicates open-load detection on half bridge 1
6 R OoLD2 Ob Indicates open-load detection on half bridge 2
5 RIW ILIMITL ob Lnaijlictz)irtigsgéhf current regulation status of full bridge or the limit status of
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
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.

CTRLL1 register

Address = 0x02

Bits

Access

Bit Name

Default

Description

R/W

DIS

Ob

Disable mode, the device power stage in Hi-Z

Ob = all power stage enabled
1b = all power stage disabled (Hi-Z)

RW

DIS_OUT1

Ob

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

Ob = Half bridge 1 enabled
1b = Half bridge 1 disabled (Hi-Z)

R/W

DIS_OUT2

Ob

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

Ob = Half bridge 2 enabled
1b = Half bridge 2 disabled (Hi-Z)

R/W

EN_OLDS

Ob

0Ob = not in open load standby mode test
1b = run open load diagnostic in standby mode

When open load test complete EN_OLDS returns to Ob (status check)

MP6611 Rev. 0.1
6/28/2024
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Ob = Open load diagnostic in active mode is disabled
3 RIW EN_OLDA Ob 1b = Enable open load diagnostics in active mode
Ob = Outputs follow input pins
2 RW SPI_IN Ob 1b = Outputs follow SPI registers or a combination of SPI and input pins.
1 RW SPI IN1 Ob SPI mpu_t logic control, XOR’ed with the IN1J/ENBL/PWM pin value (when
- SPL_IN = 1b).
0 RIW SPI_IN2 Ob SPI input logic control, XOR’ed with the IN2/DIR/EN pin value (when
SPL_IN = 1b).
CTRL2 register
Address = 0x03
Bits | Access | Bit Name Default Description
7 RW RSVD - -
Ob = 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 = 2.5 V/ys rise time
001b = 4.8 V/us rise time
010b = 6.5 V/ys rise time
. 011b = 9.5 V/ys rise time
>3 | RW SR 1000 | 100b = 14 Vips rise time
101b = 24 V/us rise time
110b = 48 V/us rise time
111b = 92 V/us rise time
Low Iq Brake mode enable.
2 R/W BRAKE Ob Ob = no active
1b = brake mode (tow low-side MOSFETS turn on for full bridge mode;
follow input logic truth table for half bridge mode)
0b = UVW is not reported on nFAULT or the FLT bit
1 RIW WM Ob 1b = UVW is reported on nFAULT and the FLT bit
0b = Charge pump under-voltage fault is enabled
0 RIW CPUV_M Ob 1b = Charge pump under-voltage fault is disabled
CTRLS3 register
Address = 0x04
Bits | Access | Bit Name Default | Description
7 RIW TSD M ob Ob f Over-temperature cond!t!on causes an automatic recovery fault
- 1b = Over-temperature condition causes a latched fault
Ob = OTW is not reported on OTW/FLT bit and nFAULT.
6 RIW OTW_M Ob 1b = OTW is reported on OTW/FLT bit and nFAULT
00b = Overcurrent condition causes an automatic retrying fault
. 01b = Overcurrent condition causes a latched fault
54 RIW OCP_M 00b 10b = Overcurrent condition is report only but no action is taken
11b = Overcurrent condition is not reported and no action is taken
00b = 13A
3 R/W OCP_LVL Ob 01b = 18A

MP6611 Rev. 0.1
6/28/2024
Preliminary Specifications Subject to Change

MonolithicPower.com

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

© 2024 MPS. All Rights Reserved.

27



meSs

MPS

Confidential - For Future Electronics Use Only

MP6611 — 36V, 8A, H-BRIDGE DC MOTOR DRIVER

PRELIMINARY SPECIFICATIONS SUBJECT TO CHANGE

000b = 38V OVP threshold, Over-voltage condition causes an automatic retrying
fault

001b = 38V 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

2:0 R/W OVP_M 000b 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
CTRLA4 register
Address = 0x05
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
3:2 R/W CLB_T 00b Current limit blanking time setting
1:0 R/W CP_F 00b Charge Pump Frequency setting
CTRLS5 register
Address = 0x06
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 ILIMITX/FLT bit and nFAULT.
4 RIW ILIMIT_M Ob 1b = ITRIP/LIMIT is reported on ILIMITX/FLT bit and nFAULT.
00b = current limit threshold is 60% of the over-current limit threshold
. 01b = current limit threshold is 80% of the over-current limit threshold
32 RW ILIMIT_LVL 00b 10b = current limit threshold is 40% of the over-current limit threshold
11b = current limit function disabled
1:0 RSVD

MP6611 Rev. 0.1
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TYPICAL APPLICATION CIRCUITS

TBD
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PACKAGE INFORMATION
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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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