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DRV89xx-Q1 Automotive Multi-Channel Half-Bridge Drivers with Advanced Diagnostics

1 Features

* AEC-Q100 qualified for automotive applications
* 4,6, 8,10 and 12 half-bridge outputs
» 4.5-Vto 32-V operating voltage
— 40-V absolute maximum voltage
e 1-A RMS current for each output
— 6-A maximum current for paralleled outputs
e Low-power sleep mode (1.5-pA)
» Supports 3.3-V and 5-V logic inputs
» SPI for configuration and diagnostics
— 5-MHz, 16-Bit SPI communication
— Daisy chain functionality
*  PWM generators programmable over SPI
— Individual half-bridge PWM operation

— Configurable for high-side, low-side, and H-
bridge load driving

— Supports 8-bit duty cycle resolution

» Integrated protection features with per channel
detailed diagnostics over SPI

— nFAULT pin output

— VM undervoltage lockout (UVLO)

— VM overvoltage protection (OVP)

— Logic supply power on reset (POR)

— Overcurrent protection (OCP)

— Enhanced open load detection (OLD)

— Thermal warning and shutdown (OTW/OTSD)

2 Applications

 HVAC flap DC motors

e Side mirror adjustment and mirror fold

* LED applications

* Multiple brushed DC motors and solenoids

3 Description

The DRV89xx-Q1 is a pin-to-pin compatible family of
integrated multi-channel half-bridge drivers with 4 to
12 half-bridges. The device family features low on-
state resistance (Rpgon) for improved thermal
performance during high-current operation.

These devices can drive brushed-DC (BDC) motors
or stepper motors in independent, sequential, or
parallel mode. The half-bridges are fully controllable
to achieve a forward, reverse, coasting and braking
operation of motor.

These devices feature standard 16-bit, 5-MHz serial
peripheral interface (SPI) with daisy chain capability
for complete configuration and detailed diagnostics.
Depending on the device, four or eight programmable
PWM generators are integrated to allow for current
limiting during motor operation or LED dimming
control.

The device includes numerous protection and
diagnostic features including an nFAULT pin to alert
the system when a fault occurs. The device features
a low-current open load detection (OLD) mode to
detect open-load conditions when the nominal load
current is small and a passive OLD mode for offline
OLD. The device is also fully-protected from short-
circuit, undervoltage, and over-temperature
conditions.

View our full portfolio of brushed motor drivers on
ti.com.

Device Information®
PACKAGE BODY SIZE (NOM)

PART NUMBER
DRV8912-Q1
DRV8910-Q1
DRV8908-Q1
DRV8906-Q1
DRV8904-Q1

HTSSOP (24) 7.80 mm x 4.40 mm

1

~

For all available packages, see the orderable addendum at
the end of the data sheet.

Simplified Schematic
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5 Device Comparison Table

NUMBER OF HALF- NUMBER OF PWM OPEN-LOAD DETECTION
e BRIDGES GENERATORS SCHEMES HINS T HEESTER AP
DRV8912-Q1 12 4 Active OLD, Low-Current Table 17
Active OLD, Negative-Current
DRV8910-Q1 10 4 Active OLD Table 18
DRV8908-Q1 8 Passive OLD, Active OLD, Table 50
DRV8906-Q1 8 Low-Current Active OLD, Table 51
DRV8904-Q1 8 Negative-Current Active OLD Table 52
Copyright © 2019-2020, Texas Instruments Incorporated Submit Documentation Feedback 3
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6 Pin Configuration and Functions

DRV8912-Q1 PWP Package
24-Pin HTSSOP Package With Exposed Thermal Pad

Top View
4 N\
O
eno ()0 ___ 24 | ] a&ND
| |
OouT1 2 : 23 ouT2
|
OoUT5 3| : 22 ouTs
|
ouT? 4 I 21 VM
I |
SDI 5 | : 20 SCLK
|
VDD 6 | I 19 nSCS
I Thermal |
SDO 7 Pad : 18 ouT12
|
nSLEEP 8 | I 47 OUT11
I |
ouT9 9 | : 16 VM
|
ouTé 10 | : 15 OUT10
|
ouT4 1 I 14 ouT3
|
nFAULT (| 12 e 7 13 [ ] onD
\ J/
Not to scale
Pin Functions—DRV8912-Q1
PIN
TYPE DESCRIPTION
NAME NO.
GND 13 PWR Device power ground. Connect the GND pin to the system ground.
GND 24 PWR Device power ground. Connect the GND pin to the system ground.
GND 1 PWR Device power ground. Connect the GND pin to the system ground.
nEAULT 12 oD Fault indicator output. This pin is pulled logic low during a fault condition and requires an
external pull-up resistor.
nscs 19 | Serial chip select. A logic low on this pin enables serial interface communication. Internal
pull-up.
Driver enable pin. When this pin is logic low the device goes to a low-power sleep mode.
NnSLEEP 8 |
Internal pull-down.
OuUT1 2 (0] Half-bridge 1 output
ouT2 23 (0] Half-bridge 2 output
OouT3 14 (0] Half-bridge 3 output
ouT4 11 (0] Half-bridge 4 output
OouT5 3 (0] Half-bridge 5 output
ouT6 10 (0] Half-bridge 6 output
ouT7 4 (0] Half-bridge 7 output
ouTs8 22 (0] Half-bridge 8 output
ouT9 9 (0] Half-bridge 9 output
OuUT10 15 (0] Half-bridge 10 output
OuUT11 17 (0] Half-bridge 11 output
OuUT12 18 (0] Half-bridge 12 output
4 Submit Documentation Feedback Copyright © 2019-2020, Texas Instruments Incorporated
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Pin Functions—DRV8912-Q1 (continued)

PIN
TYPE DESCRIPTION
NAME NO.
SCLK 20 | Serial clock input. Serial data is shifted out and captured on the corresponding rising and
falling edge on this pin. Internal pull-down.
SDI | Serial data input. Data is captured on the falling edge of the SCLK pin. Internal pull-down.
SDO (0] Serial data output. Data is shifted out on the rising edge of the SCLK pin.
VDD 6 PWR Logic power supply input. Connect a X5R or X7R, 0.1-uF, VDD-rated ceramic capacitor and
greater than or equal to 1-uF bulk capacitance between the VDD and GND pins.
Main power supply input. Connect all VM pins together to the motor supply voltage. Connect
VM 16 PWR a X5R or X7R, 0.1-uF, VM-rated ceramic capacitor and greater than or equal to 10-uF bulk
capacitance between the VM and GND pins.
Main power supply input. Connect all VM pins together to the motor supply voltage. Connect
VM 21 PWR a X5R or X7R, 0.1-uF, VM-rated ceramic capacitor and greater than or equal to 10-uF bulk
capacitance between the VM and GND pins.

Copyright © 2019-2020, Texas Instruments Incorporated
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DRV8910-Q1 PWP Package
24-Pin HTSSOP Package With Exposed Thermal Pad

Top View
4 N\
O
eno ()0 ___ 24 | ] a&ND
| |
OouT1 2 : 23 ouT2
I
OoUT5 3| : 22 ouTs
I
ouT? 4 I 21 VM
I |
SDI 5 | : 20 SCLK
I
VDD 6 | I 19 nSCS
I Thermal |
SDO 7 Pad : 18 NC
I
nSLEEP 8 | I 17 NC
I |
ouT9 9 | : 16 VM
I
ouTé 10 | : 15 OUT10
I
ouT4 1 I 14 ouT3
I
nFAULT (| 12 e 7 13 [ ] onD
\ J/
Not to scale
Pin Functions—DRV8910-Q1
PIN
TYPE DESCRIPTION
NAME NO.
GND 13 PWR Device power ground. Connect the GND pin to the system ground.
GND 24 PWR Device power ground. Connect the GND pin to the system ground.
GND 1 PWR Device power ground. Connect the GND pin to the system ground.
NC 17 — Not connected
NC 18 — Not connected
nEAULT 12 oD Fault indicator output. This pin is pulled logic low during a fault condition and requires an
external pull-up resistor.
nscs 19 | Serial chip select. A logic low on this pin enables serial interface communication. Internal
pull-up.
Driver enable pin. When this pin is logic low the device goes to a low-power sleep mode.
NnSLEEP 8 |
Internal pull-down.
OuT1 2 (0] Half-bridge 1 output
ouT2 23 (0] Half-bridge 2 output
OouT3 14 (0] Half-bridge 3 output
ouT4 11 (0] Half-bridge 4 output
OouT5 3 (0] Half-bridge 5 output
ouT6 10 (0] Half-bridge 6 output
ouT7 4 (0] Half-bridge 7 output
ouTs8 22 (0] Half-bridge 8 output
ouT9 9 (0] Half-bridge 9 output
OuUT10 15 (0] Half-bridge 10 output
Serial clock input. Serial data is shifted out and captured on the corresponding rising and
SCLK 20 | . Lo
falling edge on this pin. Internal pull-down.
SDI 5 | Serial data input. Data is captured on the falling edge of the SCLK pin. Internal pull-down.
6 Submit Documentation Feedback Copyright © 2019-2020, Texas Instruments Incorporated
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Pin Functions—DRV8910-Q1 (continued)

PIN
TYPE DESCRIPTION
NAME NO.
SDO 7 (0] Serial data output. Data is shifted out on the rising edge of the SCLK pin.
VDD 6 PWR Logic power supply input. Connect a X5R or X7R, 0.1-uF, VDD-rated ceramic capacitor and
greater than or equal to 1-uF bulk capacitance between the VDD and GND pins.
Main power supply input. Connect all VM pins together to the motor supply voltage. Connect
VM 16 PWR a X5R or X7R, 0.1-uF, VM-rated ceramic capacitor and greater than or equal to 10-uF bulk
capacitance between the VM and GND pins.
Main power supply input. Connect all VM pins together to the motor supply voltage. Connect
VM 21 PWR a X5R or X7R, 0.1-uF, VM-rated ceramic capacitor and greater than or equal to 10-uF bulk
capacitance between the VM and GND pins.

Copyright © 2019-2020, Texas Instruments Incorporated
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DRV8908-Q1 PWP Package
24-Pin HTSSOP Package With Exposed Thermal Pad

Top View
4 )
O
GND 1 ____ 24 GND
I \
OUT1 2 : 23 ouT2
I
ouT5 3 : 22 ouTs
I
ouT? 4 : 21 VM
I
SDI 5 : 20 SCLK
I
VDD 6 | I 19 nSCS
I Thermal |
SDO 7 Pad : 18 NC
I
nSLEEP 8 | : 17 NC
I
NC 9 | : 16 VM
I
ouTe 10 | : 15 NC
I
outa [ 11 : 14 |_] ours
nFAULT [ | 12 ‘e Z 13| ] anp
\ J/
Not to scale
Pin Functions—DRV8908-Q1
PIN
TYPE DESCRIPTION
NAME NO.
GND 13 PWR Device power ground. Connect the GND pin to the system ground.
GND 24 PWR Device power ground. Connect the GND pin to the system ground.
GND 1 PWR Device power ground. Connect the GND pin to the system ground.
NC — Not connected
NC 15 — Not connected
NC 17 — Not connected
NC 18 — Not connected
NEAULT 12 oD Fault indicator output. This pin is pulled logic low during a fault condition and requires an
external pull-up resistor.
nsScS 19 | Serial chip select. A logic low on this pin enables serial interface communication. Internal
pull-up.
Driver enable pin. When this pin is logic low the device goes to a low-power sleep mode.
NnSLEEP 8 |
Internal pull-down.
OuUT1 2 (0] Half-bridge 1 output
ouT2 23 (0] Half-bridge 2 output
OouT3 14 (0] Half-bridge 3 output
ouT4 11 (0] Half-bridge 4 output
OouT5 3 (0] Half-bridge 5 output
ouT6 10 (0] Half-bridge 6 output
ouT7 4 (0] Half-bridge 7 output
ouTs8 22 (0] Half-bridge 8 output
Serial clock input. Serial data is shifted out and captured on the corresponding rising and
SCLK 20 | . Lo
falling edge on this pin. Internal pull-down.
SDI 5 | Serial data input. Data is captured on the falling edge of the SCLK pin. Internal pull-down.
8 Submit Documentation Feedback Copyright © 2019-2020, Texas Instruments Incorporated
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Pin Functions—DRV8908-Q1 (continued)

PIN
TYPE DESCRIPTION
NAME NO.
SDO 7 (0] Serial data output. Data is shifted out on the rising edge of the SCLK pin.
VDD 6 PWR Logic power supply input. Connect a X5R or X7R, 0.1-uF, VDD-rated ceramic capacitor and
greater than or equal to 1-uF bulk capacitance between the VDD and GND pins.
Main power supply input. Connect all VM pins together to the motor supply voltage. Connect
VM 16 PWR a X5R or X7R, 0.1-uF, VM-rated ceramic capacitor and greater than or equal to 10-uF bulk
capacitance between the VM and GND pins.
Main power supply input. Connect all VM pins together to the motor supply voltage. Connect
VM 21 PWR a X5R or X7R, 0.1-uF, VM-rated ceramic capacitor and greater than or equal to 10-uF bulk
capacitance between the VM and GND pins.

Copyright © 2019-2020, Texas Instruments Incorporated
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DRV8906-Q1 PWP Package
24-Pin HTSSOP Package With Exposed Thermal Pad

Top View
4 )
O
GND 1 ____ 24 GND
I \
OUT1 2 : 23 ouT2
I
ouT5 3 : 22 NC
I
NC 4 : 21 VM
I
SDI 5 : 20 SCLK
I
VDD 6 | I 19 nSCS
I Thermal |
SDO 7 Pad : 18 NC
I
nSLEEP 8 | : 17 NC
I
NC 9 | : 16 VM
I
ouTe 10 | : 15 NC
I
outa [ 11 : 14 |_] ours
nFAULT [ | 12 ‘e Z 13| ] anp
\ J/
Not to scale
Pin Functions—DRV8906-Q1
PIN
TYPE DESCRIPTION
NAME NO.
GND 13 PWR Device power ground. Connect the GND pin to the system ground.
GND 24 PWR Device power ground. Connect the GND pin to the system ground.
GND 1 PWR Device power ground. Connect the GND pin to the system ground.
NC — Not connected
NC 9 — Not connected
NC 15 — Not connected
NC 17 — Not connected
NC 18 — Not connected
NC 22 — Not connected
NEAULT 12 oD Fault indicator output. This pin is pulled logic low during a fault condition and requires an
external pull-up resistor.
nsSCS 19 | Serial chip select. A logic low on this pin enables serial interface communication. Internal
pull-up.
Driver enable pin. When this pin is logic low the device goes to a low-power sleep mode.
NnSLEEP 8 |
Internal pull-down.
OuUT1 2 (0] Half-bridge 1 output
ouT2 23 (0] Half-bridge 2 output
OouT3 14 (0] Half-bridge 3 output
ouT4 11 (0] Half-bridge 4 output
OouT5 3 (0] Half-bridge 5 output
ouT6 10 (0] Half-bridge 6 output
Serial clock input. Serial data is shifted out and captured on the corresponding rising and
SCLK 20 | . Lo
falling edge on this pin. Internal pull-down.
SDI 5 | Serial data input. Data is captured on the falling edge of the SCLK pin. Internal pull-down.
10 Submit Documentation Feedback Copyright © 2019-2020, Texas Instruments Incorporated
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Pin Functions—DRV8906-Q1 (continued)

PIN
TYPE DESCRIPTION
NAME NO.
SDO 7 (0] Serial data output. Data is shifted out on the rising edge of the SCLK pin.
VDD 6 PWR Logic power supply input. Connect a X5R or X7R, 0.1-uF, VDD-rated ceramic capacitor and
greater than or equal to 1-uF bulk capacitance between the VDD and GND pins.
Main power supply input. Connect all VM pins together to the motor supply voltage. Connect
VM 16 PWR a X5R or X7R, 0.1-uF, VM-rated ceramic capacitor and greater than or equal to 10-uF bulk
capacitance between the VM and GND pins.
Main power supply input. Connect all VM pins together to the motor supply voltage. Connect
VM 21 PWR a X5R or X7R, 0.1-uF, VM-rated ceramic capacitor and greater than or equal to 10-uF bulk
capacitance between the VM and GND pins.

Copyright © 2019-2020, Texas Instruments Incorporated
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DRV8904-Q1 PWP Package
24-Pin HTSSOP Package With Exposed Thermal Pad

Top View
4 )
O
GND 1 ____ 24 GND
I \
OUT1 2 : 23 ouT2
I
NC 3| : 22 NC
I
NC 4 : 21 VM
I
SDI 5 : 20 SCLK
I
VDD 6 | I 19 nSCS
I Thermal |
SDO 7 Pad : 18 NC
I
nSLEEP 8 | : 17 NC
I
NC 9 | : 16 VM
I
NC 10 | : 15 NC
I
outa [ 11 : 14 |_] ours
nFAULT [ | 12 ‘e Z 13| ] anp
\ J/
Not to scale
Pin Functions—DRV8904-Q1
PIN
TYPE DESCRIPTION
NAME NO.
GND 13 PWR Device power ground. Connect the GND pin to the system ground.
GND 24 PWR Device power ground. Connect the GND pin to the system ground.
GND 1 PWR Device power ground. Connect the GND pin to the system ground.
NC — Not connected
NC — Not connected
NC 9 — Not connected
NC 10 — Not connected
NC 15 — Not connected
NC 17 — Not connected
NC 18 — Not connected
NC 22 — Not connected
NEAULT 12 oD Fault indicator output. This pin is pulled logic low during a fault condition and requires an
external pull-up resistor.
nsScS 19 | Serial chip select. A logic low on this pin enables serial interface communication. Internal
pull-up.
Driver enable pin. When this pin is logic low the device goes to a low-power sleep mode.
NnSLEEP 8 |
Internal pull-down.
OuT1 2 (0] Half-bridge 1 output
ouT2 23 (0] Half-bridge 2 output
OouT3 14 (0] Half-bridge 3 output
ouT4 11 (0] Half-bridge 4 output
Serial clock input. Serial data is shifted out and captured on the corresponding rising and
SCLK 20 | . Lo
falling edge on this pin. Internal pull-down.
SDI 5 | Serial data input. Data is captured on the falling edge of the SCLK pin. Internal pull-down.
12 Submit Documentation Feedback Copyright © 2019-2020, Texas Instruments Incorporated
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Pin Functions—DRV8904-Q1 (continued)

PIN
TYPE DESCRIPTION
NAME NO.
SDO 7 (0] Serial data output. Data is shifted out on the rising edge of the SCLK pin.
VDD 6 PWR Logic power supply input. Connect a X5R or X7R, 0.1-uF, VDD-rated ceramic capacitor and
greater than or equal to 1-uF bulk capacitance between the VDD and GND pins.
Main power supply input. Connect all VM pins together to the motor supply voltage. Connect
VM 16 PWR a X5R or X7R, 0.1-uF, VM-rated ceramic capacitor and greater than or equal to 10-uF bulk
capacitance between the VM and GND pins.
Main power supply input. Connect all VM pins together to the motor supply voltage. Connect
VM 21 PWR a X5R or X7R, 0.1-uF, VM-rated ceramic capacitor and greater than or equal to 10-uF bulk
capacitance between the VM and GND pins.

Copyright © 2019-2020, Texas Instruments Incorporated
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7 Specifications

7.1 Absolute Maximum Ratings

over operating ambient temperature range (unless otherwise noted)®

MIN MAX UNIT
Power supply pin voltage (VM) 4.5 40 \%
Logic supply pin voltage (VDD) -0.3 5.75 \%
Output pin voltage (OUTX) -0.7 VM + 0.7 \%
Logic pin input voltage (nSCS, nSLEEP, SCLK, SDI) -0.3 VDD + 0.3 \Y
Logic pin output voltage (nFAULT, SDO) -0.3 VDD + 0.3 \%
Continuous supply current (VM pins combined) 0 6 A
Peak output current drive (OUTx) Inﬁ:\‘i‘ﬂé’ Inﬁrr:i?gé/ A
Continous sink current (GND pins combined) 0 6 A
Junction temperature, T, -40 150 °C
Storage temperature, Tgyg -65 150 °C

(1) Stresses beyond those listed under Absolute Maximum Rating may cause permanent damage to the device. These are stress ratings
only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under Recommended
Operating Condition. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

7.2 ESD Ratings

VALUE | UNIT
Human body model (HBM), per OUTx and VM pins +4000
o AEC Q100-002® Other pins +2000
VEsp) | Electrostatic discharge - \
Charged device model (CDM), per | Corner pins (1, 12, 13, and 24) +750
AEC Q100-011 Other pins +500
(1) AEC Q100-002 indicates that HBM stressing shall be in accordance with the ANSI/ESDA/JEDEC JS-001 specification.
7.3 Recommended Operating Conditions
over operating ambient temperature range (unless otherwise noted)
MIN NOM MAX UNIT
Vym Power supply voltage (VM) 4.5 32 \%
Vpp Logic supply voltage (VDD) 3 55 \%
VN Logic input voltage (nSCS, nSLEEP, SCLK, SDI) 0 55 \%
Vop Open drain pullup voltage (nFAULT) 0 55 \%
lob Open drain output current (nFAULT) 0 5 mA
Vop Push-pull pullup voltage (SDO) 0 55 \%
lop Push-pull output current (SDO) 0 5 mA
Ta Operating ambient temperature -40 125 °C
T; Operating junction temperature -40 150 °C
7.4 Thermal Information
DRV8912-Q1 IS bon
DRV8910-O1 DRV8906-Q1
THERMAL METRIC®) DRV8904-Q1 UNIT
PWP (HTSSOP) PWP (HTSSOP)
24 PINS 24 PINS
Roia Junction-to-ambient thermal resistance 30.2 31.2 °C/W
Roactop) Junction-to-case (top) thermal resistance 23.7 25.4 °C/IW
Ross Junction-to-board thermal resistance 10.1 11.2 °C/W

(1) For more information about traditional and new thermal metrics, see Semiconductor and IC Package Thermal Metrics application report.
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Thermal Information (continued)

DRV8912-Q1 DRV8908-Q1
DRV8906-Q1
DRV8910-Q1
THERMAL METRIC® IRV O UNIT
PWP (HTSSOP) PWP (HTSSOP)
24 PINS 24 PINS

Yy Junction-to-top characterization parameter 0.3 0.4 °C/IW
Y8 Junction-to-board characterization parameter 10.0 11.2 °C/W
Roacbot) Junction-to-case (bottom) thermal resistance 2.5 3.1 °C/IW

7.5 Electrical Characteristics

at T; = -40°C to +150°C, Vyy = 4.5 to 32 V (Main Supply), Vypp = 3 to 5.5 V (Logic Supply) (unless otherwise noted). Typical
limits apply for T, = 25°C, Vyy =13.5V, Vypp =3.3V

PARAMETER | TEST CONDITIONS | MIN  TYP MAX| UNIT
POWER SUPPLIES (VDD, VM)
Vym = 13.5V, nSLEEP = 0, Tp = 25 °C 0.35 1 HA
lvmq VM sleep mode current
Vym = 13.5V, nSLEEP = 0, Tp = 125 °C 2 HA
Vym =135V, Vypp =33V, nSLEEP = 0.01 03 uA
0,Ta=25°C
lvobg VDD sleep mode current
Vym = 135V, Vypp = 3.3V, nSLEEP = 2 A
0, T4 = 125 °C H
Vym = 13.5 V, nSLEEP = 1, Driver =
'OFF", Tp =25 °C 0.2 0.5 mA
lvms VM standby mode current -
Vym = 13.5V, nSLEEP = 1, Driver = 05 mA
'OFF, Tpo =125 °C '
Vym =135V, Vypp = 3.3V, nSLEEP =
1, SPI="OFF, Tp=25°C 0.6 L mA
lvbbs VDD standby mode current
Vym =135V, Vypp = 3.3V, nSLEEP = 1 ma
1, SPI ='OFF, Tp =125 °C
Vym = 13.5 V, nSLEEP = 1, All High-
, Side FETs = 'ON', T = 25 °C 26 5| mA
Ivm VM operating mode current -
Vym = 13.5 V, nSLEEP = 1, All High- 5l ma
Side FETs ='ON', Tp =125 °C
Vym = 13,5V, Vypp = 3.3V, nSLEEP =
1, All High-Side FETs = 'ON', SPI = 'ON' 2.8 5 mA
. (5 MHz), T =25°C
lvop VDD operating mode current
Vym = 13,5V, Vypp = 3.3V, nSLEEP =
1, All High-Side FETs = 'ON', SPI = 'ON' 5 mA
(5 MHz), Tp = 125 °C
twaKE Wake-up time NSLEEP high to SPI ready 200 us
tsLEep Turnoff time NSLEEP low to device sleep 20 ps
LOGIC-LEVEL INPUTS (nSLEEP, SCLK, SDI)
Vi Input logic low voltage 0 0.3*VvDD \%
Viy Input logic high voltage 0.7*vDD VDD \%
Vhys Input logic hysteresis 200 mV
I Input logic low current Vin=0V -1 1 MA
Iy Input logic high current Vin = Vyvbp 34 75 MA
Cp Input capacitance 15 pF
LOGIC-LEVEL INPUTS (nSCS)
Vi Input logic low voltage 0 0.3*VvDD \%
Viy Input logic high voltage 0.7*vDD VDD \%
Vhys Input logic hysteresis 200 mV
I Input logic low current Vin=0V 34 75 MA
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Electrical Characteristics (continued)

at T; = —40°C to +150°C, Vyy = 4.5 to 32 V (Main Supply), Vypp = 3 to 5.5 V (Logic Supply) (unless otherwise noted). Typical
limits apply for T, = 25°C, Vyy =13.5V, Vypp =3.3V

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
hH Input logic high current Vin = Vvop -1 1 HA
Cp Input capacitance 15 pF
OPEN-DRAIN OUTPUTS (nFAULT)

VoL Output logic low voltage lop =5 mMA 0 0.4 \%
loH Output logic high current Vop=5V -1 1 HA
Cop Output capacitance 15 pF
PUSH-PULL OUTPUTS (SDO)
VoL Output logic low voltage lop =5 mMA 0 0.4 \%
Vou Output logic high voltage lop =5 mMA VDD-0.6 VDD \%
loL Output logic low current Vop =0V -1 1 HA
loH Output logic high current Vop = Vvpp -1 1 HA
Cop Output capacitance 30 pF
DRIVER OUTPUTS (OUTX)
Vym =135V, | =05A, Ty=25°C 0.75 1.1 Q
High-side MOSFET on resistance Ll our A
R Vym =135V, lgyr = 0.5 A, Tp = 125°C 15 Q
DS(ON) _ _ Vyw = 135 V, loyt = 0.5 A, T4 = 25°C 0.75 11| @
Low-side MOSFET on resistance S
Vym =135V, lgyr = 0.5 A, Tp = 125°C 15 Q
VVM =135 V, 10-90%, RLOAD =27 Q, 0.6 V/IJS
SR Output rise and fall time (high-side | HBX_SR = 0b
and low-side) Vym = 13.5 V, 10-90%, R, opp = 27 Q, 55 Vi
HBx_SR = 1b ’
. . VY:T:: 1|:_35“_\|/ iR =0, HS/LS driver 8 20 32 us
¢ Output dead time (high to low / OFF to LS/HS driver O
DEAD low to high) Vym = 135V, SR = 1, HS/LS driver ) 5 15 s
OFF to LS/HS driver ON K
High-side ON or low-side ON command
(SPI last transition) to OUTx transition 5 12 25 ps
¢ Propagation delay (high-side / from Hi-Z state, SR = 0
PD low-side ON/OFF) High-side ON or low-side ON command
(SPI last transition) to OUTx transition 3 5 10 ps
from Hi-Z state, SR =1
Voutx = 13.5V, nSLEEP =1, SR = 0b 6 10 HA
Leakage current low-side Voutx = 13.5V, nSLEEP =1, SR =1b 20 35 HA
ILEAK VOUTX =13.5V, nSLEEP =0 4 15 IJA
V =0V, nSLEEP =1 2 A
Leakage current high-side OUTx -
Voutx =0V, nSLEEP =0 2 HA
PWM MODE
PWM_CHx_FREQ = 00b 56 80 104 Hz
. PWM_CHx_FREQ = 01b 70 100 130 Hz
fewm PWM switching frequency
PWM_CHx_FREQ = 10b 140 200 260 Hz
PWM_CHx_FREQ = 11b 1400 2000 2600 Hz
PROTECTION CIRCUITS
v Supply undervoltage lockout Supply rising 4.0 4.5 \4
uvLo (UVLO) Supply falling 3.8 4.3 v
v Supply undervoltage lockout Rising to falling theshold 200 mv
UVLO_HYS hysteresis ¢} 9
tuviLo Supply undervoltage deglitch time 10 ps
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Electrical Characteristics (continued)

at T; = —40°C to +150°C, Vyy = 4.5 to 32 V (Main Supply), Vypp = 3 to 5.5 V (Logic Supply) (unless otherwise noted). Typical
limits apply for T, = 25°C, Vyy =13.5V, Vypp =3.3V

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Supply rising, EXT_OVP = 0b 21 25 \%
v Supply overvoltage protection Supply falling, EXT_OVP = 0b 20 24 \
ove (OVP) Supply rising, EXT_OVP = 1b 32.7 3BV
Supply falling, EXT_OVP = 1b 32 34.3 \%
Rising to falling theshold, EXT_OVP = 1 v
Supply overvoltage protection Ob
Vovp_Hys hysteresis — - —
Yy Rising to falling theshold, EXT_OVP =
0.7 \Y
1b
tovp Supply overvoltage deglitch time 10 ps
. Supply rising 2.45 3 \%
Vpor Logic undervoltage (POR) -
Supply falling 2.4 2.95 \%
VPoR _Hys Logic undervoltage hysteresis Rising to falling theshold 75 mV
Overcurrent protection tri
locp point(l)(z) P P 1.3 1.8 23 A
OCP_DEG = 000b 6 10 14 us
OCP_DEG = 001b 2.6 5 7.9 us
OCP_DEG = 010b 0.4 25 5.9 us
¢ Overcurrent protection deglitch OCP_DEG = 011b 01 1 34| us
ocP time OCP_DEG = 100b 38.2 60 76.6| s
OCP_DEG = 101b 23.1 40 51.9 us
OCP_DEG = 110b 18.5 30 415 us
OCP_DEG = 111b 8.4 20 31.6 us
Current flowing from VM to OUTx (High-
loLp Open load detection current Side = ON) or OUTx to GND (Low-Side 2 9 18 mA
=ON)
. . Current flowing from OUTx to VM (High-
loLb NEG Negative open load detection Side = ON) or GND to OUTx (Low-Side 2 15 30| mA
— current -
=ON)
" . Current flowing from VM to OUTx (High-
lotp_Low | OPen load detection currentin low | gjqe — oN) or OUTX to GND (Low-Side 0.2 0.8 2| mA
- current OLD mode - ON)
DRV8908/6/4, FETSs in Hi-Z state,
loL_aND Passive OLD current current from OUTx to GND during OLD 113 HA
trip
DRV8908/6/4, FETSs in Hi-Z state,
VoL_GND Passive OLD voltage threshold voltage at OUTx during OLD trip for 3.3 \%
GND-connected load
DRV8908/6/4, FETs in Hi-Z state,
loL wm Passive OLD current current from VM to OUTx for OLD trip, 118 HA
N HBX_VM_POLD = 0b
DRV8908/6/4, FETSs in Hi-Z state,
. voltage at OUTx during OLD trip for
VoL vm Passive OLD voltage threshold VM-connected load, HBX_VM_POLD = 1.2 \%
Ob
DRV8908/6/4, FETSs in Hi-Z state,
loL_vm Passive OLD current current from VM to OUTx for OLD trip, 547 HA
HBX_VM_POLD = 1b
DRV8908/6/4, FETSs in Hi-Z state,
VoL vm Passive OLD voltage threshold voltage at OUTx during OLD trip for VM 1.8 \%
connceted load, HBX_VM_POLD = 1b
(1) For 20-V < Vyy < 28-V, the OCP deglicth time must be limited to 10-us (Default Deglitch Value, OCP_DEG = 000b).
(2) For Vyy > 28V, the OCP deglicth time must be limited to 1-us (Lowest Deglitch Value, OCP_DEG = 011b).
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Electrical Characteristics (continued)

at T; = —40°C to +150°C, Vyy = 4.5 to 32 V (Main Supply), Vypp = 3 to 5.5 V (Logic Supply) (unless otherwise noted). Typical

limits apply for T, = 25°C, Vyy =13.5V, Vypp =3.3V

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
RoL Passive OLD detect resistance DRV8908/6/4, _FETs in Hi-Z state, Full 5 100 KO
threshold bridge connection
RoL Passive OLD detect resistance DRV8908/6/4, FETs in Hi-Z State, Load 5 100 KO
threshold connected to GND
RoL Passive OLD detect resistance DRV8908/6/4, FETs in Hi-Z State, Li)ad 5 400 KO
threshold connected to VM, HBX_VM_POLD = 0b
RoL Passive OLD detect resistance DRV8908/6/4, FETSs in Hi-Z State, L_oad 5 100 KO
threshold connected to VM, HBX_VM_POLD = 1b
toLp Open load deglitch time Active OLD (Continuous Mode) 2 3 4 ms
toLp Open load deglitch time Active OLD (PWM Mode) 150 200 300 ps
Totw Thermal warning temperature Die temperature (T;) 120 140 170 °C
Totw HYs Thermal warning hysteresis Die temperature (T;) 20 °C
ToTsp Thermal shutdown temperature Die temperature (T;) 150 175 200 °C
ToTsb_Hys Thermal shutdown hysteresis Die temperature (T;) 20 °C
7.6 Timing Requirements
PARAMETER TEST CONDITIONS MIN  NOM MAX| UNIT
SPI (nSCS, SCLK, SDI, SDO)
tREADY SPI ready after after enable VM > UVLO, ENABLE =3.3V 1| ms
toLk SCLK minimum period 200 ns
teLkH SCLK minimum high time 100 ns
tekL SCLK minimum low time 100 ns
tsu_soi SDI input data setup time 40 ns
tHp_spI SDI input data hold time 60 ns
toLy_spo SDO output data delay time SCLK high to SDO valid 60 ns
tsu_nscs nSCS input setup time 100 ns
tHp_nscs nSCS input hold time 100 ns
tHi_nscs nSCS minimum high time before active low 600 ns
tois_nscs nSCS disable delay time nSCS high to SDO high impedance 30 ns
tsc_spi Successive SPI write gaps 2.5 ps
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Figure 1. SPI Timing
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7.7 Typical Characteristics

VM Supply Voltage (V)
Figure 6. VM Standby Mode Current (lyms) vs Supply

Voltage (Vywm)
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Figure 2. VM Sleep Mode Current (lymg) vs Supply Voltage Figure 3. VM Sleep Mode Current (lyyg) vs Ambient
(Vvm) Temperature (Ta)
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Figure 4. VDD Sleep Mode Current (lyppg) Vs Supply Voltage Figure 5. VDD Sleep Mode Current (lyppg) Vs Ambient
(Vvop) Temperature (Tp)
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Figure 7. VM Standby Mode Current (lypms) vs Ambient
Temperature (Ta)
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Typical Characteristics (continued)
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Figure 12. VDD Operating Mode Current (lypp) Vs Supply
Voltage (Vvpp)
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Figure 8. VDD Standby Mode Current (lypps) VS Supply Figure 9. VDD Standby Mode Current (lypps) vs Ambient
Voltage (Vypp) Temperature (Ta)
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Figure 13. VDD Operating Mode Current (lypp) vS Ambient
Temperature (Ta)
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Typical Characteristics (continued)
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Figure 14. Figure 7. High Side On-State Resistance (Rps(on)) Figure 15. High Side On-State Resistance (Rpson)) Vs
vs Supply Voltage (Vywm) Ambient Temperature (Ta)
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Figure 16. Low-Side On-State Resistance (Rpson)) VS Figure 17. Low-Side On-State Resistance (Rps(ony) VS
Supply Voltage (Vym) Ambient Temperature (Tp)
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Figure 18. High-Side Open-Load Detection Current (Io_p) VS
Supply Voltage (Vym)

Temperature (°C)

Figure 19. High-Side Open-load Detection Current (Ig.p) VS
Ambient Temperature (Tp)

22

Submit Documentation Feedback

Copyright © 2019-2020, Texas Instruments Incorporated

Product Folder Links: DRV8904-Q1 DRV8906-Q1 DRV8908-Q1 DRV8910-Q1 DRV8912-Q1



13 TEXAS
INSTRUMENTS

www.ti.com

DRV8904-Q1, DRV8906-Q1, DRV8908-Q1
DRV8910-Q1, DRV8912-Q1

SLVSEC9C —SEPTEMBER 2019—REVISED FEBRUARY 2020

Typical Characteristics (continued)
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VM Supply Voltage (V)
Figure 24. Open-load pull-down current (lo,_ym) When
HBX_VM_POLD = 0b vs supply voltage (Vywm)
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Figure 20. Low-Side Open-Load Detection Current (Io_p) vs Figure 21. Low-Side Open-load Detection Current (Io.p) VS
Supply Voltage (Vyw) Ambient Temperature (Ta)
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Figure 22. Low open-load detection current (loLp_Low) VS Figure 23. Low open-load detection current (loLp_Low) VS
supply voltage (Vym) ambient temperature (Tp)
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Figure 25. Open-load pull-down current (lo,_ym) When
HBX_VM_POLD = 1b vs supply voltage (Vywm)
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Typical Characteristics (continued)

VM Supply Voltage (V)

Figure 28. Open-load pull-up current (Io._gnp) VS supply

voltage (Vym)
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Figure 26. Open-load low-side threshold voltage (Vor_vm) Figure 27. Open-load low-side threshold voltage (Vor_vm)
when HBX_VM_POLD = 0b vs supply voltage (Vym) when HBX_VM_POLD = 1b vs supply voltage (Vym)
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Figure 29. Open-load low-side threshold voltage (Vo,_gnp)
vs supply voltage (Vym)
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8 Detailed Description

8.1 Overview

The DRV89xx-Q1 family are 4.5-V to 32-V integrated multi half-bridge drivers which supports a maximum voltage
of 40-V for load-dump scenario. The half-bridges are designed to support 1-A per half-bridge and 6-A from the
VM/GND pins. The DRV89xx family offers drivers from 4 to 12 half-bridge outputs.

A standard 16-bit, 5-MHz se