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5 Device Comparison Table

NUMBER OF HALF- NUMBER OF PWM OPEN-LOAD DETECTION
EELCcE BRIDGES GENERATORS SCHEMES HINS T HEESTER AP
DRV8912-Q1 12 4 Active OLD, Low-Current * 17
Active OLD, Negative-Current
DRV8910-Q1 10 4 Active OLD ¥ 18
DRV8908-Q1 8 Passive OLD, Active OLD, % 50
DRV8906-Q1 8 Low-Current Active OLD, ¥ 51
DRV8904-Q1 8 Negative-Current Active OLD %50

Copyright © 2019, Texas Instruments Incorporated
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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 (V0 24 GND
| |
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 1 Pad : 18 ouTi2
|
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 Copyright © 2019, 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 PP 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, Texas Instruments Incorporated
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DRV8910-Q1 PWP Package

24-Pin HTSSOP Package With Exposed Thermal Pad

Top View
~\
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 NC
|
nSLEEP 8 | I 17 NC
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—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 Copyright © 2019, Texas Instruments Incorporated
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Pin Functions—DRV8910-Q1 (continued)

PIN
TYPE DESCRIPTION
NAME NO.
SDO 7 PP 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, 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
|
ouT5 3 : 22 ouTs
|
ouT? 4 : 21 VM
|
SDI 5 : 20 SCLK
|
VDD 6 | I 19 nSCS
I Thermal |
SDO 7 Pad : 18 NC
|
nSLEEP 8 | : 17 NC
|
NC 9 | : 16 VM
|
ouTe 10 | : 15 NC
|
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 Copyright © 2019, Texas Instruments Incorporated
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Pin Functions—DRV8908-Q1 (continued)

PIN
TYPE DESCRIPTION
NAME NO.
SDO 7 PP 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, 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
|
ouT5 3 : 22 NC
|
NC 4 : 21 VM
|
SDI 5 : 20 SCLK
|
VDD 6 | I 19 nSCS
I Thermal |
SDO 7 Pad : 18 NC
|
nSLEEP 8 | : 17 NC
|
NC 9 | : 16 VM
|
ouTe 10 | : 15 NC
|
ouT4 1 : 14 ouT3
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 Copyright © 2019, Texas Instruments Incorporated
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Pin Functions—DRV8906-Q1 (continued)

PIN
TYPE DESCRIPTION
NAME NO.
SDO 7 PP 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, Texas Instruments Incorporated 11
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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 Copyright © 2019, Texas Instruments Incorporated
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Pin Functions—DRV8904-Q1 (continued)

PIN
TYPE DESCRIPTION
NAME NO.
SDO 7 PP 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, Texas Instruments Incorporated 13
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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.

14
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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,To=25°C
lvobg VDD sleep mode current
Vym =135V, Vypp = 3.3V, nSLEEP = 9 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 1 mA
lvbbs VDD standby mode current
Vym =135V, Vypp = 3.3V, nSLEEP = 1l 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- o
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
Copyright © 2019, Texas Instruments Incorporated 15
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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
Vym =135V, lgyr = 0.5 A, Tp = 125°C 15 Q
. . . . \|_/|\éM = J.R3_5 Vt; 10-90%, RLOAD =27 Q, 0.6 V/IJS
SR Output rise and fall time (high-side | HBX_SR = 0
and low-side) Vym = 13.5 V, 10-90%, R, opp = 27 Q, 55 Vius
HBx_SR = 1b : H
. . Vym = 13.5V, SR_ =0, HS/LS driver 8 20 32 us
¢ Output dead time (high to low / OFF to LS/HS driver ON
DEAD low to high) Vym = 135V, SR = 1, HS/LS driver ) 5 15 s
OFF to LS/HS driver ON K
. . . High-side ON (SPI Iaft transition) to 5 12 25 us
¢ Propagation delay (high-side / OUTX transition, SR = 0
PD low-side ON/OFF) High-side ON (SP!I last transition) to 5 5 10 S
OUTX transition, SR = 1 W
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 A
Leakage current high-side OUTx -
Voutx =0V, nSLEEP =0 HA
PWM MODE
PWM_CHx_FREQ = 00b 80 Hz
. PWM_CHx_FREQ = 01b 100 Hz
fewm PWM switching frequency
PWM_CHx_FREQ = 10b 200 Hz
PWM_CHx_FREQ = 11b 2000 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
16 Copyright © 2019, Texas Instruments Incorporated
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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 \4
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
v Supply overvoltage protection Ob
OVP_HYS hysteresis 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 10 us
OCP_DEG = 001b 5 us
OCP_DEG = 010b 25 us
¢ Overcurrent protection deglitch OCP_DEG = 011b 1 Hs
ocP time OCP_DEG = 100b 60 us
OCP_DEG = 101b 40 us
OCP_DEG = 110b 30 us
OCP_DEG = 111b 20 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 100 HA
trip
DRV8908/6/4, FETSs in Hi-Z state,
VoL_GND Passive OLD voltage threshold voltage at OUTx during OLD trip for 3.1 \%
GND-connected load
DRV8908/6/4, FETs in Hi-Z state,
loL_vm Passive OLD current current from VM to OUTx for OLD trip, 100 HA
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 = 1.1 \%
Ob
DRV8908/6/4, FETSs in Hi-Z state,
loL_vm Passive OLD current current from VM to OUTx for OLD trip, 480 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 1.6 \%
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
18 MR © 2019, Texas Instruments Incorporated
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7.7 Typical Characteristics
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Typical Characteristics (T X)
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Typical Characteristics (T X)
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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 serial peripheral interface (SPI) provides a simple method for configuring the various
device settings and reading fault diagnostic information through an external controller. The device is also
equipped with a daisy-chain functionality which allows connecting multiple devices using a single nSCS line and
saving on multiple resources.

This device has 4 internal PWM generators (DRV8912-Q1 and DRV8910-Q1) or 8 internal PWM generators
(DRV8908-Q1, DRV8906-Q1 and DRV8904-Q1) which can be mapped to any of the half-bridge through SPI
registers. The PWM frequency (4 options) and duty (8-bit resolution) for each channel can be selected using the
SPI registers. This PWM mode is useful for implementing the current control of motor or dimming control of
LEDs.

The device also has numerous integrated protection features which protects the device in case of any abnormal
scenario. The over-current protection (OCP) ensures the device protection in any short scenarios like the phase
short, phase to ground short and phase to supply short conditions. Undervoltage lockout (UVLO) and overvoltage
protection (OVP) ensures the driver operation in fluctuating voltages to support the crank-start and load-dump
scenario in automotive applications. In addition to this, the open-load detection (OLD) feature ensure the proper
load connection. All devices support active OLD, low-current OLD, and negative-current OLD. Passive OLD is
only supported on DRV8908-Q1, DRV8906-Q1 and DRV8904-Q1 devices. Device faults are indicated on the
NFAULT pin, and detailed information is available in the device SPI registers.

The device integrates a spread spectrum clocking feature for both the internal digital oscillator and internal
charge pump. This feature combined with programmable output slew-rate control minimizes the radiated
emissions from the device.

The device is available in a 24-pin HTSSOP package with a thermal pad.
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8.2 Functional Block Diagram
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8.3 Feature Description
5= 1 lists the recommended values of the external components for the driver.

#z 1. DRV89xx-Q1 Driver External Components

COMPONENTS PIN 1 PIN 2 RECOMMENDED
Cvym1 VM GND X5R or X7R, 0.1-uF, VM-rated capacitor
Cvm2 VM GND = 10 pF, VM-rated capacitor
Cypp1 VDD GND X5R or X7R, 0.1-uF, 6.3-V capacitor
Cvpp2 VDD GND = 1 pF, 6.3-V capacitor
RneauLT VDD nFAULT Pullup resistor

8.3.1 Half Bridge Drivers

8.3.1.1 Control Modes

The half-bridge drivers can be programmed to drive loads (motor, solenoids, LEDs) continuously (without PWM)
or in chopping mode (with PWM) and in parallel operation for driving high current.

8.3.1.1.1 Continuous Mode (Without PWM)

The half-bridges are configured to operate in the continuous mode without using any PWM switching by default.
Any high-side or low-side switch is switched on by individually setting the high-side enable bits (HBX_HS_ EN)
and low-side enable bits (HBX_LS EN) in operation control registers (OP_CTRL 1, OP_CTRL_2 and
OP_CTRL_3).

x
If the high-side enable bit (HBX HS EN) and low-side enable bit (HBX_LS EN) of a
particular half-bridge is set high (shoot-through configuration), then the particular half-
bridge driver will remain in Hi-Z state until he shoot-through condition is cleared.

The high-side and low-side enable bits of a particular half-bridge are configured to drive the motor in forward
mode, reverse mode, brake mode and coast mode as shown in & 2.

F 2. Motor Operation in Continuous Mode (Motor Connected between HB1 and HB2)

nSLEEP HALF-BRIDGE-1 HALF-BRIDGE-2 ouTL ouT2 BR”?SCE SBESQ)T'ON

0 I;Igii_ll-_ig_gll\\ll = gon"t Care HB2_HS_EN = Don"t Care 7 2 Sleep Mode
_LS_EN = Don't Care HB2_LS_EN = Don't Care

1 ﬂgt‘:g:g“ ; g ﬂggﬁ'gfﬂ :8 z z Motor Coast
L :Ei:tlss:gm ; (:)L :ngg:g“ ; f H L Forward Direction
1 ﬂgi:tg:g\\: :: ? :BB%ES:E,Z' :é L H Reverse Direction
L i%ﬁ{tg:gm 210 :Eﬁfg‘fu 2 f L L Motor Brake (Low-Side)
! .';'Ei;“ss_—EE,L“ s :BB%E%EL\,' s H H Motor Brake (High-Side)
! :Ei:tlss:gm ; iL :ngg:g“ ; i' z z Motor Coast
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B 24 shows the bridge configuration for motor operation in forward direction with high-side FET of OUT1 and
low-side FET of OUT2 in conducting state with current flowing from OUT1 to OUT2. Similarly, the motor
operation in reverse direction is achieved by switching ON the high-side FET of OUT2 and low-side FET of
OUT1 such that current flows from OUT2 to OUT1 as shown in & 25.

24. Continuous Mode (Forward Direction) 25. Continuous Mode (Reverse Direction)

26 and B 27 shows the bridge operation in coast mode with motor initially running in forward and reverse
direction respectively. As shown in these figures, due to the energy stored in motor's inductance, the current will
continue to flow in motor and take the path flow through the body diodes of FETSs.

26. Continuous Mode (Coast - From Forward 27. Continuous Mode (Coast- From Reverse
Direction) Direction)
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B 28 shows the low-side braking of the motor when both low-side FET's of the driver are turned ON. In this
case, the motor is considered to be operating in forward direction (current flow from OUT1 to OUT2) and then
braking is applied. similarly, for the high-side braking, both high-side FET's of the driver are turned ON as shown
in & 29.

VM

l

28. Continuous Mode (Brake - Low-Side) 29. Continuous Mode (Brake - High-Side)

8.3.1.1.2 Chopping Mode (With PWM)

The half-bridges can be configured in the chopping mode by enabling the PWM switching on any particular half-
bridge or both half-bridges. Each half-bridge can be mapped to any of the 4 PWM channels for which frequency
and duty can be controlled independently. User has the flexibility to select the PWM frequency of channels out of
4 settings of 80-Hz, 100-Hz, 200-Hz and 2-kHz. Moreover, duty (8-bit resolution) of the 4 PWM generators can
be adjusted independently.

The PWM chopping mode operation is done in five steps as follows and explained in detail below.

1. PWM Configuration

Free-Wheeling Mode (Synchronous Rectification) Disable / Enable

PWM Channels Mapping

PWM Channels Configuration (PWM Frequency and PWM Duty)

Half-Bridge Enable

o~

8.3.1.1.2.1 PWM Configuration

The operation of selected half-bridge to operate in continuous mode or chopping mode (PWM mode) is selected
using the PWM control register (PWM_CTRL_1 and PWM_CTRL_2). The HBX_PWM bit in PWM control register
is set to enable the PWM switching in half-bridge.

=
The default mode of any half-bridge is continuous mode. If the corresponding HBx_PWM
bit in PMW_CTRL_X register is not set, then the particular half-bridge will operate in
continuous mode.

8.3.1.1.2.2 Free-Wheeling Mode (Synchronous Rectification) Disable / Enable

The synchronous rectification of the half-bridge operating in PWM can be enabled by setting the HBX_FW bit in
free-wheeling control registers (FW_CTRL_1 and FW_CTRL_2). 30 shows the operation of the driver when
the synchronous rectification mode is disabled. As shown in this figure, during the PWM off time, the high-side
diode of the OUT2 conducts to close the current path required for motor.
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When synchronous rectification mode is enabled, if either of the low-side or high-side of the half-bridge operates
in the PWM switching, then the other switch of the same half-bridge operates in complementary fashion. B 31
shows such example of the synchronous rectification, where the high-side FET of OUT2 half-bridge is turned ON
when the low-side FET of same half-bridge is turned off in a PWM cycle.

| 1l
|
] L N
r=—- 1 Ufi*i
Continuous || 4‘ | Diode Continuous | | : FET
ON I } Recirculation ON I — Recirculation
- | T
Bl oo oooo=o —_—l L———1
(L
ouTi ouT2 OUT1 ¢
X PWM ON x| 2 PWM ON
PWM OFF 4 PWM OFF
|_
,,,,, |
1+
30. PWM Mode (Synchronous Rectification = 31. PWM Mode (Synchronous Rectification =
OFF) ON)
x

The default mode of any half-bridge is asynchronous rectification mode. If the
corresponding bit in FW_CTRL_X regsiter is not set, then the particular half-bridge will
operate in asynchronous rectification mode.

8.3.1.1.2.3 PWM Channels Mapping

DRV89XX-Q1 devices includes 4/8 PWM generators which can be mapped to any of the OUTX half bridge
outputs using the PWM map control registers. The HBx_PWM_MAP bits in the PWM_MAP_CTRL_X registers
are used to map any of the 4 channels in DRV8912-Q1/DRV8910-Q1 or 8 channels in DRV8908-Q1/DRV8906-
Q1/DRV8904-Q1 to the OUTX outputs as shown in 3k 3.

% 3. PWM Mapping of DRV8912-Q1/DRV8910-Q1

HBX_PWM MAP BITS PWM CHANNEL

HBX_PWM_MAP = 00b Channel 1 Selected for OUTX

HBX_PWM_MAP = 01b Channel 2 Selected for OUTX

HBX_PWM_MAP = 10b Channel 3 Selected for OUTX

HBX_PWM_MAP = 11b Channel 4 Selected for OUTX
x

Any half-bridge is mapped to PWM channel 1 by default.

8.3.1.1.2.4 PWM Channels Configuration (PWM Frequency and PWM Duty)

The frequency and duty of each PWM generator can be controlled independently. The PWM_CHx_FREQ bits of
PWM frequency control register (PWM_FREQ_CTRL) is used to select the frequency of PWM generator as
shown in & 4. The PWM duty of each channel is controlled by the PWM duty control register
(PWM_DUTY_CTRL_X).
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& 4. PWM Frequency

HBX_PWM MAP BITS PWM CHANNEL
PWM_CHx_FREQ = 00b 80 Hz
PWM_CHx_FREQ = 01b 100 Hz
PWM_CHx_FREQ = 10b 200 Hz
PWM_CHx_FREQ = 11b 2000 Hz

8.3.1.1.2.5 Half-Bridge Enable

The four steps of PWM mode enable, free-wheeling mode configuration, PWM channel mapping and PWM
channels configuration ensure the proper configuration of PWM mode. Once the half-bridge is configured for the
PWM generation, the half-bridge is enabled by enabling either of the high-side or low-side switch by individually
setting the high-side enable bits (HBX _HS EN) or low-side enable bits (HBX LS EN) in operation control
registers (OP_CTRL_1, OP_CTRL_2 and OP_CTRL_3).

x
The PWM is applicable to either of the high-side or low-side switch depending upon the
HBX_HS EN and HBX_LS_EN bits in OP_CTRL_X registers. In synchronous rectification
mode, the opposite side switch will conduct in PWM off time.

8.3.1.1.3 Parallel Mode (Continuous Operation)

Parallel mode in DRV89XX-Q1 device is implemented to support higher current loads which cannot be supported
by a single channel. This mode can also be used for reducing the effective on-state resistance (Rpsion)) for
achieving a better thermal performance of the device.

The configuration of various mode is very similar to the single half-bridge operation as explained in Continuous
Mode (Without PWM) section. Considering six half-bridges for the parallel operation (OUT1, OUT2, OUT3 as
group - 'X' and OUT4, OUT5, OUT6 as group 'Y"), various modes can be summarized in 3% 5.

Fz 5. Motor Operation in Parallel Mode (Continuous Operation) (with Motor Connected between
OUT1/2/3 and OUT4/5/6)

HALF-BRIDGE-1 HALF-BRIDGE-4 OuUT1 OouT4
nSLEEP HALF-BRIDGE-2 HALF-BRIDGE-5 ouT2 ouTs BR”?SCE 3858’;;'0"‘
HALF-BRIDGE-3 (X) HALF-BRIDGE-6 (Y) OuUT3 OouT6
0 HBX_HS_EN = Don't Care HBY_HS_EN = Don't Care 7 z Sleen Mode
HBX_LS EN = Don't Care HBY_LS EN = Don't Care P
HBX_HS_EN =0 HBY_HS_EN=0
1 HBX_LS_EN =0 HBY LS _EN =0 z z Motor Coast
HBX_HS_EN=1 HBY_HS EN=0 o
L HBX_LS EN=0 HBY LS EN=1 H L Forward Direction
HBX_HS_EN =0 HBY HS EN=1 o
1 HBX_LS EN=1 HBY LS _EN=0 L H Reverse Direction
HBX_HS_EN=0 HBY_HS EN=0 o
L HBX_LS_EN =1 HBY LS EN=1 L L Motor Brake (Low-Side)
HBX_HS_EN =1 HBY HS EN=1 e
1 HBX_LS EN=0 HBY LS _EN=0 H H Motor Brake (High-Side)
HBX_HS_EN=1 HBY_HS EN=1
L HBX_LS EN=1 HBY LS EN=1 z z Motor Coast

x

For parallel mode operation, the device operation under safe operating area (SOA) is
recommended for supply voltage, Vyy < 20-V, HBX_SR = HBY_SR = 1b, tocp < 10-us and
PL_MODE_EN = 01b.
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B 32 shows three half-bridges (OUT1, OUT2 and OUT3) operating as a parallel high-side switch and other three
half-bridges (OUT4, OUT5 and OUT6) are operating as a parallel low-side switch for achieving a forward motor
operation. Similarly the reverse direction of motor is achieved by operation of OUT1, OUT2 and OUT3 as a
parallel low-side switch and other three half-bridges (OUT4, OUT5 and OUT6) as parallel high-side switch as
shown in & 33.

33. Parallel Mode (Reverse Direction)

RN © 2019, Texas Instruments Incorporated 31


http://www.ti.com.cn/product/cn/drv8904-q1?qgpn=drv8904-q1
http://www.ti.com.cn/product/cn/drv8906-q1?qgpn=drv8906-q1
http://www.ti.com.cn/product/cn/drv8908-q1?qgpn=drv8908-q1
http://www.ti.com.cn/product/cn/drv8910-q1?qgpn=drv8910-q1
http://www.ti.com.cn/product/cn/drv8912-q1?qgpn=drv8912-q1
http://www.ti.com.cn

13 TEXAS

DRV8904-Q1, DRV8906-Q1, DRV8908-Q1 INSTRUMENTS
DRV8910-Q1, DRV8912-Q1
ZHCSJBSB —SEPTEMBER 2019—REVISED DECEMBER 2019 www.ti.com.cn

B 34 and 35 shows the bridge operation in coast mode with motor initially running in forward and reverse
direction respectively. As shown in these figures, the body diodes of the FETs conducts to continue the current
flow path due to energy stored in motor's inductance.

ok

e ——

35. Parallel Mode (Coast from Reverse Direction)
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The low-side braking of the motor during all the low-side FET's of the driver turning ON is shown in B 36. In this
case, the motor is considered to be operating in forward direction (current flow from OUT1/2/3 to OUT4/5/6) and
then braking is applied. similarly, for the high-side braking, all high-side FET's of the driver are turned ON as
shown in B 37.

,,,,,, le

O
SR SR Y A 4 %

37. Parallel Mode (Brake - High-Side)
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8.3.1.1.4 Parallel Mode (PWM Operation)

The half-bridges connected in parallel mode can be configured in the chopping mode by enabling the PWM
switching on any particular group of high-side or low-side half-bridges or both group of half-bridges. For PWM
operation in parallel mode, all half-bridges is to be mapped to a single PWM channel selected from any of the 4
PWM channels to avoid any delay in the PWM durations which can lead to undesired OCP condition. The user
has the flexibility to select the PWM frequency of channels out of 4 settings of 80-Hz, 100-Hz, 200-Hz and 2-kHz
and the duty adjustment which supports 8-bit resolution. Following steps enable the PWM operation with driver
connected for parallel mode and are explained below.

1. PWM Configuration

Free-Wheeling Mode (Synchronous Rectification) Disable / Enable
PWM Channels Mapping

PWM Channels Configuration (PWM Frequency and PWM Duty)
PWM Generators Disable

Half-Bridge Enable

PWM Generators Enable

No gk wd

8.3.1.1.4.1 PWM Configuration

The PWM control register (PWM_CTRL_1 and PWM_CTRL_2) are used to select the operation of particular half-
bridges in the PWM mode. Considering a case for the motor movement in forward direction as shown in § 34,
with low-side FETs of OUT4, OUT5 and OUT6 operating in PWM mode. The HBX_PWM bit in PWM control
register is set to enable the PWM switching in selected half-bridges as shown below:

« HB4_ PWM=1b
« HB5_PWM=1b
« HB6_PWM =1b

8.3.1.1.4.2 Free-Wheeling Mode (Synchronous Rectification) Disable / Enable

The synchronous rectification of the half bridges operating in PWM mode (OUT4, OUT5 and OUTG6) are enabled
by setting the corresponding HBX_FW bits in free-wheeling control register (FW_CTRL_1 and FW_CTRL_2). By
default, the synchronous rectification mode is disabled.

« HB4_FW=1b
« HB5_FW=1b
+ HB6_FW =1b
38 shows the parallel operation of half-bridges in PWM mode with synchronous rectification disabled. As

shown in this figure, during the PWM off time, the high-side diode of the OUT4, OUT5 and OUT6 conducts to
close the current path required for motor.

When synchronous rectification mode is enabled, the high-side FETs of OUT4, OUT5 and OUTG6 starts
conducting during the PWM OFF time to close the motor current path as shown in & 39.
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PWM OFF |
|

X X X PWM ON }
PWM OFF

39. Parallel Mode (PWM with Synchronous Rectification = ON)

8.3.1.1.4.3 PWM Channels Mapping

The low-side FET's of half-bridges OUT4, OUT5 and OUT6 are mapped to any of the PWM generator by using
the HBX_PWM_MAP bits in PWM mapping control registers. For parallel operation, all the half-bridges operating
in PWM mode is mapped to a single PWM generator. Considering that PWM generator-4 is used for the mapping
of half-bridges, following bits of the PWM_MAP_CTRL_X registers are affected:

« HB4_PWM_MAP = 11b
« HB5_PWM_MAP = 11b
« HB6_PWM_MAP = 11b

x
If the PWM of any channel is enabled, then it is mapped to PWM generator-1 by default.
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8.3.1.1.4.4 PWM Channels Configuration (PWM Frequency and PWM Duty)

The PWM_CHx_FREQ bits of PWM frequency control registers (PWM_FREQ_CTRL_X) is used to select the
frequency of PWM generator. Moreover, the PWM duty of each channel is controlled by the PWM duty control
register (PWM_DUTY_CTRL_X). Considering a frequency of 2-kHz is selected for the PWM operation (for PWM
Generator-4), following frequency control and duty control registers are effected:

- PWM_CH4 FREQ = 11b
« PWM_CH4_FREQ = '8-bit duty’

8.3.1.1.45 PWM Generators Disable

The PWM generators are disabled to ensure that all the half-bridges are turned-on at same time to avoid false
OCP conditions for supporting higher current operation. The false OCP condition can arise due to the minimum
time required for the SPI delay to switch on various half-bridges available in different registers. This can cause
higher current (OCP condition) in one of the paralleled half-bridge while other half-bridge turning ON is delayed
to the SPI register write delay and the propagation delay. Therefore, this sequence includes disabling the PWM
generators initially, then enabling half-bridges and followed by enabling the PWM generators to avoid such issue.
The PWM generator-4 is disabled by using the following command in the PWM_CTRL_X registers:

« PWM_CH4 DIS = 1b

x
All PWM generators are enabled by default (Default value of PWM_CTRL_X registers is
00h).

8.3.1.1.4.6 Half-Bridge Enable

Once the PWM generators are disabled, the high-side and low-side FETs in half-bridges to be paralleled are
enabled. High-side switches (connected in parallel) operating in continuous mode are enabled using the following
bits in the OP_CTRL_X registers:

« HB1_HS_EN=1b
« HB2_HS_EN =1b
« HB3_HS_EN =1b

Moreover, the low-side switches (connected in parallel) operating in PWM mode are enabled using the following
bits in the OP_CTRL_X:

« HB4_LS EN=1b
« HB5 LS EN=1b
- HB6_LS EN=1b

8.3.1.1.4.7 PWM Generators Enable

After the half-bridges are enabled, the PWM generators are also enabled for tuning-on the respective FETs
operating in PWM mode. For this case, the low-side FETs of OUT4, OUT5 and OUT6 are turned ON for PWM
operation connected to PWM generator-4. The PWM generator is enabled by the bits in the PWM_CTRL_X
registers as shown:

« PWM_CH4_DIS = 0b
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8.3.1.2 Half-Bridge Drive Architecture

8.3.1.2.1 Slew Rate

An adjustable gate-drive current control to the MOSFETSs of half-bridges is implemented to achieve the slew rate
control. The MOSFET VDS slew rates are a critical factor for optimizing radiated emissions, energy and duration
of diode recovery spikes and switching voltage transients related to parasitics. These slew rates are
predominantly determined by the rate of gate charge to internal MOSFETs as shown in & 40.

VCP (Internal)

Slew Rate
Control

VCP (Internal)

v

Slew Rate
Control

40. Slew Rate Circuit Implementation

The slew rate of each half-bridge can be adjusted by HBX_ SR bits in Slew Rate control register (SR_CTRL_1
and SR_CTRL_2). Each half-bridge can be selected to a slew rate of 0.6-V/us or 2.5-V/us. The slew rate is
calculated by the rise-time and fall-time of the voltage on OUTx pin as shown in B 41. The slew rate (SR) is
calculate as shown in

A
VOUTx

VM A

v

Time
trise tlal\

41. Slew Rate Timings
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8.3.1.2.2 Cross Conduction (Dead Time)

The device is fully protected for any cross conduction of MOSFETSs. In half-bridge configuration, the operation of
high-side and low-side MOSFETs are ensured to avoid any shoot through currents by inserting a dead time
(tgeaq)- This is implemented by sensing the gate-source voltage (Vgs) of the high-side and low-side MOSFETs
and ensured that Vgg of high-side MOSFET has reached below turn-off levels before switching on the low-side
MOSFET of same half-bridge as shown in § 42 and [§ 43.

VM

Gate |
Control |

VGS +
- |_:| OUTX HS LS

Gate
"1 Control

L

i

42. Cross Conduction Protection

A
OUTx HS
ouTX | |
(HS) , ,
10% |
|
| |
| |
| |
| |
| |
14— tpeap —™
OuUTX : :
(LS I I
I 0,
OUTX LS ! - 10%
L L »
! ! Time

B 43. Dead Time
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8.3.1.2.3 Propagation Delay

Propagation delay refers to the delay time from SPI valid condition to OUTx going high (10% level) as shown in
B 44. The propagation constitutes of three major parameters.

1. Digital delay for SPI command decode.

2. Analog delay for driver switch-on and gate current charging delay.

3. Slew rate delay for OUTx node to reach 10% of the final settling value.

A

nSCS

OUTx High

OUTx OUTx Low

A 4

Time
44. Propagation Delay

8.3.2 Pin Diagrams

This section presents the I/O structure of all digital input and output pins.

8.3.2.1 Logic Level Input Pin (hSLEEP, SCLK and SDI)

45 shows the input structure for the logic levels pins, nSLEEP, SCLK and SDI. The input can be with a
voltage or external resistor. It is recommended to put SCLK and SDI pin low in device sleep mode to reduce
leakage current through internal pull-down resistors.

VDD
STATE | CONNECTION | INPUT
ViH Tied to VDD IF( Logic High
Vi Tied to GND T_[ ﬂ— Logic Low
f ESD Rep

=

45. Logic Level Input Pin Structure (nSLEEP, SCLK and SDI)
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8.3.2.2 Logic Level Input Pin (nSCS)

46 shows the input structure for the logic levels pin, nSCS. The input can be with a voltage or external
resistor.

VDD VDD
STATE | CONNECTION | INPUT
X R
VK Tied to VDD | Logic High
Vi Tied to GND : I: Logic Low
ﬁ ESD

46. Logic Level Input Pin Structure (nSCS)

8.3.2.3 Open Drain Output Pin (nFAULT)

47 shows the structure of the open-drain output pin, nFAULT. The open-drain output requires an external
pullup resistor to function properly.

VDD
STATE STATUS
Reu
No Fault Pulled-Up
OUTPUT
Fault Pulled-Down
ESD | Inactive

_l_ Active

47. Open Drain Output Pin Structure (nFAULT)

8.3.2.4 Push Pull Output Pin (SDO)
B 48 shows the structure of push-pull pin, SDO.

STATE STATUS

Vo Pulled-Up

‘_[ OUTPUT

ESD | Logic High

J__ Logic Low

VoL Pulled-Down

48. Push Pull Output Pin (SDO) Structure
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8.3.3 Protection Circuits
The DRV89xx-Q1 device is fully protected against undervoltage, overcurrent, and over-temperature events.

8.3.3.1 VM Supply Undervoltage Lockout (UVLO)

If at any time the input supply voltage on the VM pin falls below the Vo threshold, all of the half-bridges are
disabled, the charge pump is disabled, and the nFAULT pin is driven low as shown in & 49. The UVLO bit is
also latched high in the IC status (IC_STAT) register. Normal operation resumes (driver operation and the
NFAULT pin is released) when the VM undervoltage condition is removed. The UVLO bit remains set until
cleared through the CLR_FLT bit.

A

Vuvo (Max) rising ——|—————— = Q- — ==~ == —— = —— m e m e m
Vuvio (Min) rising — = ———————-—-=-Sg-—"——"—"—"—"—"—"—"—"—"—"—"—"—"—"—"—"—"—"—"—~—~—~—~——~—~————

Vuwo (max) falling - —f--—------—--=-—-—————— =3

Vuwo (min) falling - = ---=-=-=-=-=-=-———————— — —

DEVICE ON

L~
DEVICE ON Z DEVICE OFF

k\\\\

nFAULT

v

Time —»

49. VM UVLO Operation

8.3.3.2 VM Supply Overvoltage Protection (OVP)

If at any time the input supply voltage on the VM pin rises above the Vqyp threshold, all of the half-bridges are
disabled, the charge pump is disabled, and the nFAULT pin is driven low as shown in & 50. The OVP bit is also
latched high in the IC status (IC_STAT) register. Normal operation resumes (driver operation and the nFAULT
pin is released) when the VM overvoltage condition is removed. The OVP bit remains set until cleared through
the CLR_FLT bit.

An extended overvoltage operation is also supported in this device for higher over-voltage range up to 32-V. This
operation is enabled by setting the EXT_OVP bit in the configuration (CONFIG_CTRL) register.

A

Vovp (Max) rising ——-————————————————————— — Q- —————————————=
Vove (Min)rising — —|- - - -« - — - — — —  ——————__T _

Vove (max) falling - -|----———-=--—— "~ - —————— |- — —

Vovp (min) falling ——f-—-—-—----—>“-—--—-———————

_———— A
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

DEVICE ON DEVICE OFF / DEVICE ON

\\\

nFAULT

A 4

Time —»

50. Over Voltage Protection
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8.3.3.3 Logic Supply Power on Reset (POR)

If at any time the input logic supply voltage on the VDD pin falls below the Vpor threshold or the nSLEEP pin is
toggled (high to low), all of the half-bridges are disabled and the charge pump is disabled, as shown in 51.
Normal operation resumes (driver operation) when the VDD undervoltage condition is removed or the nSLEEP
pin is latched high. The NPOR bit is reset and latched low in the IC status (IC_STAT) register once the device
presumes VDD. The NPOR bit remains in reset condition until cleared through the CLR_FLT bit.

If the device has successfully waked up, then the NPOR bit is automatically latched high once the CLR_FLT
command is issued.

x
NPOR is not reported to nFAULT pin.

Vpor (Max) rising ——
Vpor (Min) rising ——

Vpor (max) falling ——
Vpor (min) falling ——

DEVICE ON

DEVICE OFF

DEVICE ON

\\\\
k\\\\

v

51. VDD UVLO Operation

8.3.3.4 Overcurrent Protection (OCP)

A current-limit circuit on each MOSFET limits the current through the MOSFET by removing the gate drive signal.
If this current limit stay active for longer than the tocp deglitch time, the high-side and the low-side FETSs in the
corresponding half bridge are disabled and the nFAULT pin is driven low. The OCP bit in the IC status
(IC_STAT) register and corresponding bit in overcurrent protection status register (OCP_STAT_X) register is
latched high. The charge pump remains active during this condition. The OCP bit in the IC status (IC_STAT)
register and corresponding bits (HBX_HS OCP / HBX_LS _OCP) in overcurrent protection status register
(OCP_STAT_X) register remains set until cleared through the CLR_FLT bit.

User also has the programmability of disabling the OCP fault on the nFAULT pin by setting the OCP_REP bit in
the CONFIG_CTRL register.

The device also provides two slew-rate options for the device turn-off during an OCP event which can be
programmed via the PL_MODE_EN bits in OLD_CTRL_2 register. The default option (PL_MODE_EN = 00b) is
the faster slew rate option (typical around 1us) which can be used for the single bridge operation. The slower
option (PL_MODE_EN = 01b) provides a slower slew rate (half-bridge slew rate, HBX_SR) which can be used
for the higher current applications in device parallel mode operation.
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& 6. Overcurrent Protection

. NFAULT PIN
Drive BRIDGE REGISTER BRIDGE BITS RECOVERY
Current | CONFIGURATION SETTINGS STATE OC'i_g?EP OC'i_lREP AFFECTED
OuT1 gﬁh's'de HB1 HS EN=1 | ENABLED HIGH HIGH
lLoap < locp -
ouT2 g?\l""'s'de HB1 LS EN=1 | ENABLED | HIGH HIGH
Full Bridge _ N/A N/A
(OUT1/2) HBL_HS_EN _ L ENABLED HIGH HIGH
. - HB2 LS EN=1
| | Forward Direction — =
<
HoAp = Tock Full Bridge HBL LS EN =1
(OUT1/2) e _ ENABLED HIGH HIGH
] - HB2_HS EN=1
Reverse Direction - 7=
OUT1 High-Side
ON B - OCP =1 (IC_STAT)
lshorT OF lLoap | OUTL Short to HB1_HS_EN=1 Hi-2 Low HIGH HB1_HS_OCP =1
> GND
locp OUT1 Low-Side _
ON HB1 LS EN=1 Hi-Zz LOW HIGH ?_%Pl _Lls(ISEISDTﬁP
OUT1 Short to VM — = B
; OCP
Full Bridge ~ Condition
(OUT1/2) HBL HS EN=1 _ OCP =1 (IC_STAT) | Removed
Forward Direction HB2 LS EN =1 Hi-Z Low HIGH HB1 HS OCP=1o0r |cIR FLT=1
OUT1/0UT2 o= HB2_LS ocp=1® -
IsHorT OF lLoAD Short
>
locp Full Bridge
(OUT1/2) HBL LS EN =1 OCP =1 (IC_STAT)
Reverse Direction HB2 HS EN = 1 Hi-Z LOW HIGH HB1 LS OCP =1or
OUT1/0uUT2 — o= HB2_HS_ocp=1®
Short
(1) Either of the HB1_HS_OCP or HB2_LS_OCP will set depending upon which half-bridge OCP trigger first.
(2) Either of the HB1_LS_OCP or HB2_HS_OCP will set depending upon which half-bridge OCP trigger first.
A
Peak Current
~~/\_~ because of
| deglitch time
|
locp — :
|
|
|
|
|
|
|
|
|
|
I
loutx : f »
I
I
| I
| I
nFAULT Pulled High Fault Condition nFAULT Released
nFAULT R

el

Time > Fault Cleared I

52. Over Current Protection
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8.3.3.5 Open-load detection (OLD)

The DRV89XX-Q1 devices implement multiple open-load detection schemes to allow the controller to determine
if a load is connected to the OUTX terminals. The OLD schemes available in DRV89XX-Q1 are listed below. & 7
summarizes the use-cases for each OLD scheme.

* Active OLD
* Low-Current Active OLD

« Negative-Current Active OLD
e Passive OLD (only available in DRV8908-Q1, DRV8906-Q1 and DRV8904-Q1)

#k 7. Summary of OLD features

LOW-CURRENT NEGATIVE-CURRENT
PASSIVE OLD ACTIVE OLD ACTIVE OLD ACTIVE OLD
Part
numbers DRV8908/06/04-Q1 DRV8912/10/08/06/04-Q1
Detects the open-load
condition during current re-
" circulation (on high-side or
. Detects open-load I Detects the open-load condition :
When is " . Detects the open-load condition : L . low-side) when
it used encacl)t?lidr:tIC)trr‘]gg?J; tats while driving a load while dg'\g?gti?] Ioffrrvgﬁ? small synchronous rectification is
9 P p 9 enabled for both half-bridge
and full-bridge
configurations
State of
OUTX o' | Hi-z (outputs disabled) HIL L HIL
OoLD
OoLD
: V, >V, or
Trigger (\)/LX*HS(J') < \?LX*HS louTx < loLp loutx < loLp_Low loutx > loLb_NEG
Condition OLx_LS(-) OLx_LS
A false flag can occur during
current re-circulation if Only applicable for the current Only functional during
Passive OLD seguence synchronous rectification is ON. flowing in the low-side FETs. The current re-circulation,
is not enabled ?f an Enabling Negative-current OLD locp for the low-side FET is also however it works in
Tradeoffs y will solve this. A false flag can | reduced by 11 times. The Rps(on) Of conjunction with active
other fault other than | if th f he | id il b o his f )
OCP/OLD is present also occur i t e operating current | the ow-side FET will increase by 11 LD. T is eature is not
' for the load is small (below I p times, hence the thermal needed if synchronous
threshold). See Low-current OLD | performance has to be monitored. rectification is disabled.
for solution.
Can be
used with . . . .
Negative-current OLD and low- Active OLD and negative-current | Active OLD and low-current
other No
current OLD OLD OoLD
OoLD
schemes

8.3.3.5.1 Active OLD

Active OLD can identify an open-load condition on the OUTX pins while driving a load. As shown in § 53, the
DRV89xx identifies an open-load fault condition when the current through the MOSFET (loytx) is lower than the
open-load current threshold (I, p) for longer than the open-load deglitch time (t5, p). At that point the device takes
the following actions.

e OLD bit in the IC status (IC_STAT) register sets to 1

e HBX_HS_OLD or HBX_LS_OLD bit in the open-load status register (OLD_STAT_X) sets to 1 (depending if
the fault is on the high-side MOSFET or low-side MOSFET, respectively).

* nFAULT pin is drives low to indicate a fault to the controller.
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A
Motor Starting Peak
Current
. Motor
Motor Nominal Current Motor Open Motor Connected .
[ | Operation
. |
o - —fm kl/[ *****
lourx ‘ ‘ ‘ >
I |
< fowo > |
|
nFAULT Pulled High Fault Condition NFAULT Released
nFAULT >
) 7
Time > Fault Cleared I

53. Active open-load detection

Normal operation resumes (driver operation resumes, the nFAULT pin goes high, OLD bit is reset to 0) when the
open-load condition is removed (the user reconnects the load to the OUTX connection) and the controller writes
the CLR_FLT bit to 1.

x
After the open-load fault condition is removed, the nFAULT pin will be driven high and the
fault status are removed when,
e CLR_FLT command is issued after deglitch time (tg p) while OUTX is set high.
e CLR_FLT command is issued after OUTX is set to Hi-Z.
e CLR_FLT command is issued after HBX _OLD_DIS bit is set.

By default, OLD on the DRV89xx-Ql devices is enabled. The OLD control registers (OLD_CTRL_1 and
OLD_CTRL_2) allow the user to disable OLD on the OUTX pins with the HBX_OLD_DIS bits. The OLD_OP bit in
the OLD_CTRL_2 register determines the response of the device to an active OLD fault. If OLD_OP = 0, the
OUTX pins go to the Hi-Z state to stop driving the outputs. If OLD_OP = 1, the OUTX pins stay in their previous
state and do not react to the OLD fault unless the user takes action. Similarly, the OLD_REP bit determines if the
OLD fault will report on the nFAULT pin or only in the IC_STAT register. & 8 summarizes the open-load
detection feature and conditions.

x
By default the OLD feature is enabled, the outputs disable (go Hi-Z) when the OLD flags,
and the nFAULT pin will report the OLD.

# 8. OLD Configuration

LOAD / REGISTER BITS
OPEN SETTINGS OLD_OP | OLD_REP OuUT1 ouT2 nFAULT EFFECTED RECOVERY
Half- HB1 HS EN=1 X X H X HIGH
Bridge
Load HBL LS EN=1 X X L X HIGH
Connected
. HB1_HS EN=1 N/A N/A
Full-Bridge | HB2 LS EN = 1 X X H L HIGH
Load HBl_LS_EN 1
Connected _Lo_EN=
HB2 HS_EN = 1 X X L H HIGH
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% 8. OLD Configuration (3T R)

LOAD / REGISTER BITS
GPEN s OLD_OP | OLD_REP | OUT1 | OUT2 nFAULT EFEECTED RECOVERY
0 0 Hi-Z X LOW
HB1 HS_EN =1 0 ! Hi-z X HIGH OLD = 1 (IC_STAT)
- 1 0 H X LOwW HB1_HS_OLD = 1
Half- 1 1 H X HIGH
Bridge -
Open 0 0 Hi-Zz X LOwW
HB1 LS EN=1 0 L Hi-Z X HIGH OLD = 1 (IC_STAT)
- 1 0 L X LOW HB1 LS OLD =1
1 1 L X HIGH OLD Condition
Removed
0 0 Hi-Zz | Hi-Z LOW CLR FLT =1
HB1 HS EN =1 0 1 Hi-Z Hi-Z HIGH OLD =1 (IC_STAT)
HB2 LS EN=1 HB1 HS OLD =1 or
- ! 0 H L Low HB2 LS OLD=1 @
Full-Bridge 1 1 H L HIGH
Open 0 0 Hi-z | HiZ LOW
HB1 LS EN=1 0 1 Hi-Z Hi-Z HIGH OLD =1 (IC_STAT)
HB2 HS EN =1 HB1_LS OLD=1or
- L 0 L H LOW HB2 HS OLD=1 @
1 1 L H HIGH

(1) Either of the HB1_HS_OLD or HB2_LS_OLD will set depending upon which half-bridge OLD triggers first.
(2) Either of the HB1_LS_OLD or HB2_HS_OLD will set depending upon which half-bridge OLD triggers first.

8.3.3.5.1.1 Negative-current OLD

The DRV89XX-Q1 device also includes a negative-current OLD mode. The negative current can flow either
through the body diode of high-side FET or the FET itself depending on whether or not the channel is configured
for synchronous rectification. B 54 shows the current re-circulation through the body diode of the high-side FET
when the synchronous rectification mode is OFF (i.e. HB2_FW = 0). In this case, the active OLD will not falsely
report an open-load condition since the OLD circuit only enables when the FET is ON. Negative-current OLD will
also work during re-circulation through the low-side FETSs.

55 shows the negative current re-circulation through the high-side FET when synchronous rectification is ON
(i.,e. HB2_FW = 1). In this scenario, for default operation (OLD_NEG_EN = 0), the device can show a false open-
load fault since the FET current is lower than the positive OLD threshold. However, when negative-current OLD
mode is enabled, the device will only flag an open-load fault if Igytx < loLp nee- This mode is enabled by setting
the OLD_NEG_EN bit in OLD_CTRL3 register. -

B 56 shows the waveforms of false open-load detection when the negative-current OLD setting is disabled
(OLD_NEG_EN = 0). As shown in this figure, the high-side FET of the OUT1 channel is always switched ON and
the low-side and high-side FET of the OUT2 channel are operating in complimentary way (i.e. synchronous
rectification mode is enabled). In synchronous rectification, the current flows in negative direction from OUT2 to
VM (i.e. FET Source to Drain) during the high-side FET conduction. Initially, for the first PWM cycle, the OLD
mode is disabled to show the currents in different FETs during the motor operation. When OLD is enabled in
second PWM cycle, then the device registers a false open-load detect during the high-side FET conduction as
shown in 56. The nFAULT pin is pulled low and both high-side and low-side FET of OUT2 channels are
disabled. The body diode of the high side FET (OUT2) conducts to complete the motor current path.

This false detection of open load is eliminated by enabling the negative-current OLD setting (OLD_NEG_EN = 1).
As shown in 57, the negative OLD current setting (I p neg) IS enabled for the high-side FET of OUT2
channel. This setting allows the negative current path (from source to drain) in high-side FET. The nFAULT pin is
latched high and OUT2 channel is not disabled when OLD is enabled in second PWM cycle.
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54. Negative Current Flow in OUT2 by Body
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56. Waveforms Showing False OLD With
Negative-Current OLD Disabled

8.3.3.5.2 Low-current OLD

Continuous FET
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55. Negative Current Flow in High-Side FET of
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57. Waveforms Showing Operation with
Negative-Current OLD Enabled

Low-current open-load detection is another type of active open-load detection in the DRV89XX-Q1 devices. In
low-current open-load detection, the current detection threshold is around 10x lower than the active open-load
detection scheme. This feature gives the user flexibility to detect a valid open-load condition when driving loads
that require low current.
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As shown in § 58, if the low-side MOSFET is in operating condition (switched-ON) and the current flowing in the
particular MOSFET is lower than the low-current active open-load current threshold (I p Low) for at least open-
load detection deglitch time (top), then an open-load condition is detected. The OLD bit in the IC status
(IC_STAT) register is set, the HBX_LS OLD bit in the open-load status register (OLD_STAT X) is set and
NFAULT pin is driven low during an open-load detect. Normal operation resumes (driver operation and the
NFAULT pin is released) when the open-load condition is removed and CLR_FLT command is issued. The OLD
bit remains set until cleared through the CLR_FLT bit.

A
Motor Starting Peak
Current
: Motor
Motor Nominal Current Motor Open Motor Connected .
| | Operation
B |
lowp Low | —f - —— - e kl} 77777
lourx : : ‘ >
1< towo =} }
|
nFAULT Pulled High Fault Condition nFAULT Released
nFAULT >
) el
Time > Fault Cleared I

58. Low-Current OLD

x
The low-current OLD has following limitations
» This feature is only applicable for the current flowing in low-side FET.

» Once this mode is enabled the corresponding over-current threshold for the low-side
FET is also reduced by 11 times (~120 mA min.).

* The Rpg(on Of the low side FET will increase by 11 times (~7.5 Q typical), hence the
thermal performance has to be monitored. However, for the lower current the thermal
dissipation is limited.

B 59 shows the flowchart for implementing the low-current active OLD in continuous mode of operation.
Following are the steps to configure and detect the low-current active OLD in the DRV89XX-QL1 device.

1. Enable OLD by setting the OLD_OP bit in OLD_CTRL_2 register. This setting will ensure that the OUTX
outputs continue to operate when and OLD fault occurs.

2. Enable the full-bridge operation by setting the individual HBX_HS EN/HBX_LS_EN bits in operation control
(OP_CTRL_1, OP_CTRL_2 and OP_CTRL_3) registers.

3. Check for the nFAULT pin status and the OLD fault in the IC_STAT register.

4. If the nFAULT pin is low and the OLD fault is high, then check for the individual
HBX_HS_OLD/HBX_LS_OLD bits in OLD status (OLD_STAT_1, OLD_STAT 2 and OLD_STAT_3)
registers.

5. Disable OLD using the HBX_OLD_DIS bits for the OUTX pins acting as high-side drivers.

6. Enable the low-current OLD mode for the half-bridge which low-side is operating by using the
HBX_LOLD_EN bit in OLD control (OLD_CTRL_3 and OLD_CTRL_4) registers. This will also disable the
high-side OLD for the particular half-bridge.

7. Wait for the open-load deglitch time (tg p).

8. Issue the clear fault command (CLR_FLT) to release the nFAULT pin and clear the OLD bits if low-current
OLD is not detected.

48 MR © 2019, Texas Instruments Incorporated


http://www.ti.com.cn/product/cn/drv8904-q1?qgpn=drv8904-q1
http://www.ti.com.cn/product/cn/drv8906-q1?qgpn=drv8906-q1
http://www.ti.com.cn/product/cn/drv8908-q1?qgpn=drv8908-q1
http://www.ti.com.cn/product/cn/drv8910-q1?qgpn=drv8910-q1
http://www.ti.com.cn/product/cn/drv8912-q1?qgpn=drv8912-q1
http://www.ti.com.cn

13 TEXAS

INSTRUMENTS DRV8904-Q1, DRV8906-Q1, DRV8908-Q1
DRV8910-Q1, DRV8912-Q1
www.ti.com.cn ZHCSJB5B —SEPTEMBER 2019—REVISED DECEMBER 2019

9. If the OLD bit is high and the nFAULT pin is not released (low), then low-current OLD fault is detected.

x
The low-current OLD is applicable only for low-side FETs. The user has to enable the low-
current OLD mode for the corresponding low-side FET.

SetOLD_OP=1
Set HBX_HS_EN =1 or HBX_LS EN=1

Is
OLD=1&
nFAULT =0
?

Continue

YES

Read OLD_STAT X
Set HBX_OLD_DIS = 1
Set HBX LOLD EN=1

torp = HBX_LOLD_EN =0
Y

A
CLR_FLT=1

Is
OLb=1&
nFAULT =0
?

OLD Detected

59. Flowchart for Enabling Low-Current OLD (Continuous Mode)

8.3.3.5.3 Passive OLD

In passive OLD, the detection of open load is carried before the driver is turned on. The state of all FETs remains
in Hi-Z state, while a minimal amount of current flows through motor for short amount of time to test the motor
connection. The diagnostic current is very small to avoid causing the motor rotation.

B 60 shows the circuit implementation of the passive OLD. As shown in this figure, a constant current source
pulls the OUT1 pin to the AVDD (internal) fixed voltage which allows current flow from OUT1 to OUT2 terminal.
The current drawn is completely dependent on the motor resistance between OUT1 and OUT2 and limited by the
internal current sourcing (Io. py) and sinking (lo. pp) capability of the passive OLD circuitry. Depending on this
current and the comparator threshold voltage (Vo ns and Vg, L), the comparator output OL1_HS and OL2_LS
are either set or reset which determines the open-load status. When an open load is detected, the OLD bit in the
IC status (IC_STAT) register is set, the HBX_LS OLD bit in the open-load status register (OLD_STAT_X) is set
and nFAULT pin is driven low. The OLD bit remains set until cleared through the CLR_FLT bit. This
implementation is applicable for any half-bridges.

x
Passive OLD sequence is not disabled by the HBX_OLD_DIS bhits.
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VM AVDD

OPEN LOAD DETECT

60. Passive OLD Circuit

Following are the steps to configure and detect the passive OLD in the DRV89XX-Q1 device.

1. Enable the passive OLD mode for the individual half-bridges which is to be diagnosed using the Half-bridge
passive OLD enable bits (HBX_POLD_EN) in OLD_CTRL_5 register.

2. Configure the half-bridge operation control bits (HBX_HS_EN/HBX_ LS EN) in operation control register
(OP_CTRL_X) to determine the high-side and low-side OLD check. Note that these bits are now used for the
passive OLD configuration. If anytime, the HBX_POLD_EN is reset then the bridge starts operating.

3. Enable the passive OLD using the Passive OLD Enable bit (POLD_EN) in CONFIG_CTRL register. Setting
the POLD_EN bit enables the passive OLD detection circuit on all OUTx pin for which the corresponding
HBX_HS EN or HBX LS EN are setto 1.

4. Wait for the passive OLD time as determined by the user.

5. After the completion of passive OLD time, disable the passive OLD enable bit (POLD_EN).

6. Monitor the nFAULT pin / OLD bit in Status register (IC_STAT) and the HBX_HS_OLD/HBX_LS OLD bit in
the OLD status registers (OLD_STAT_X) for any open-load detection.

7. Restart the sequence for other half-bridges / full-bridges.
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During normal driving, HBX_HS_EN and HBX_LS_EN bits control the state of OUTX. However, when POLD_EN
and HBX_POLD_EN are 1, the OUTX channel is disabled, and HBX_HS_EN and HBX_LS_EN control SWX_HS
and SWX_LS used for passive OLD (see schematic representation in B 60). & 9 shows the truth table for this
operation.

%% 9. Truth Table for Passive OLD

HBX_POLD_EN | MBXHS_ | HBX_LS_ ouTX SWX_HS | SWX_LS OPEN LOAD SEQUENCE
Follows . -
Passive OLD for the channel is disabled and
0 X X HBX_HS_EN and Open Open
HBX_LS_EN HBX_HS_EN/HBX_LS EN set output OUTx state

1 0 0 z Open Open Off state - no passive OLD

1 0 1 z Open Closed Valid passive OLD for VM-connected load

1 1 0 z Closed Open Valid passive OLD for GND-connected load

x

The OLD_REP bit works in a similar way as for the active OLD. The OLD_OP bit is not
applicable for passive OLD operation since the outputs are already disabled.

Pz
Passive OLD sequence is not enabled if any other fault (other than OCP/OLD) is present.

F 10 shows an example for configuring passive OLD for various loads. The HBX_VM_POLD bits can be
enabled for any loads that connect directly to VM. In cases where VM is low, the passive OLD current may need
to be larger so passive OLD does not falsely indicate an open load. Setting HBX _VM_POLD = 1 chooses a
smaller Ry, so more current flows and the device can properly detect an open load.
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#k 10. Passive OLD Configurations

Between OUT1 and
0ouT2)

Half Bridge Operation
(Load Connected
Between OUT1/2 and VM)

CONNECTION HB1_VM_POLD HB2_VM_POLD HB1 HS EN | HB1_LS EN | HB2_HS_EN | HB2_LS_EN gEEEéﬁéﬁ
0 0 1 0 0 1 Detection based on resistance threshold (Forward
Connection
Full Bridge Operation - - )
(Motor Connected 0 0 0 1 1 0 Detection based on resistance threshold (Reverse

Connection)

Detection only for OUT1 channel based on resistance

Half Bridge Operation
(Load Connected
Between OUT1/2 and
GND)

1 X 0 1 0 0 threshold
Detection only for OUT2 channel based on resistance
X 1 0 0 0 1 threshold
1 1 0 1 0 1 Detection for both outputs based on resistance
threshold

0 0 1 0 0 0 Detection only for OUT1 channel based on resistance
threshold
Detection only for OUT2 channel based on resistance
0 0 0 0 L 0 threshold
0 0 1 0 1 0 Detection for both outputs based on resistance
threshold
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8.3.3.6 Thermal Warning (OTW)

If the die temperature exceeds the trip point of the thermal warning (Totw), the OTW bit is set in the IC status
(IC_STAT) register. The reporting of OTW on the nFAULT pin can be enabled by setting the over-temperature
warning reporting (OTW_REP) bit in the configuration control (CONFIG_CTRL) register. The device performs no
additional action and continues to function. In this case, the nFAULT pin releases when the die temperature
decreases below the hysteresis point of the thermal warning (Totw nys)- The OTW bit remains set until cleared
through the CLR_FLT bit and the die temperature is lower than thermal warning trip (Tomw)-

x
Over Temperature warning is not reported on nFAULT pin by default.

8.3.3.7 Thermal Shutdown (OTSD)

If the die temperature exceeds the trip point of the thermal shutdown limit (Tgrgp), all half-bridge drivers are
disabled, the charge pump is shut down, and the nFAULT pin is driven low. In addition, the OTSD bit is latched
high in IC status (IC_STAT) register. Normal operation resumes (driver operation and the nFAULT pin is
released) when the overtemperature shutdown condition is removed and die temperature decreases below the
hysteresis point of the thermal warning (Totsp nys). The OTSD bit remains latched high indicating that a thermal
event occurred until a clear fault command is issued through the CLR_FLT bit. This protection feature cannot be
disabled.
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8.4 Device Functional Modes

8.4.1 Sleep Mode (nSLEEP = 0)

The nSLEEP pin manages the state of the DRV89xx-Q1 device. When the nSLEEP pin is low, the device enters
a low-power sleep mode. In sleep mode, all half-bridge drivers are disabled, the internal charge pump is
disabled, the internal regulators are disabled, and the SPI bus is disabled. The tg gep time must elapse after a
falling edge on the nSLEEP pin before the device enters sleep mode. The device comes out of sleep mode
automatically if the nSLEEP pin is pulled high. The tyake time must elapse before the device is ready for inputs.

8.4.2 Operating Mode (nNSLEEP = 1)

When the nSLEEP pin is high and Vyy > VyyiLo, the device enters operating mode. The tyake time must elapse
before the device is ready for inputs. In this mode the half bridge drivers, charge pump, internal regulators, and
SPI bus are active. & 11 summarizes the different operating modes of DRV89XX-Q1 device.

5 11. Functional Modes

MODE CONDITION HALF-BRIDGES INTERNAL CIRCUITS
4.5-V < Vyy < 20-V (EXT_OVP = 0b)
Operating 4.5-V <V < 32-V (EXT_OVP = 1b) Operating Operating
nSLEEP Pin = High
4.5-V < Vyy < 32-V
Sleep nSLEEP Pin = Low
Fault Any Fault Condition Met Depends on Fault Depends on Fault

8.4.3 Fault Mode

The DRV89XX-Q1 is protected against various faults as summarized in & 12.

#% 12. Fault Action and Response

FAULT CONDITION | CONFIGURATION REPORT BRIbGE LoGIC RECOVERY
VM Undervoltage Vym < Vuvio . nFAULT Pin Hi-Z Active Automatic:
(UVLO) (Max. 4.5-V) IC_STAT Register Vum > Vivio
VDD Undervoltage Vvob < Vpor . . . Automatic:
(UVLO) (Max 3-V) IC_STAT Register Hi-Z Reset Voo > Veor
Vum > Vovp EXT_OVP =0
VM Overvoltage (Min. 20-V) - NFAULT Pin Hiz Active Automatic:
OVP IC_STAT Register Vym <V
(QVP) Vum > Vovp EXT OVP =1 - g wm < Vovp
(Min. 32-V)
OCP_REP =0 IC_STAT Register Hi-Z Active
Over Current lout > locp EAULT Pi CLR_FLT=1&
Protection (OCP, Min. 1.3-A = n in i ; lout < |
(ocP) ( ) OCP_REP =1 IC_STAT Register Hi-Z Active out < locp
OLD_OP =0 nFAULT Pin Hi-z Active
OLD_REP =0 IC_STAT Register
OLD_OP =0 IC_STAT Register Hi-z Active
louT < loLp OLD_REP =1 CLR_FLT=1&
(Max. 15-mA) OLD_OP=1 NFAULT Pin Oneratin Active ImoTor > loLp
Open-Load Detect OLD REP =0 IC_STAT Register perating
(OLD) OLD OP =1
OLD__REP -1 IC_STAT Register Operating Active
_ nFAULT Pin . CLR_FLT=1&
RLoap > RoLb OLD_REP =0 IC_STAT Register N/A Active OLD Sequenced
(Max. 100-kQ) B : : &
OLD_REP =1 IC_STAT Register N/A Active RLoap < RoLb
OTW_REP =0 IC_STAT Register Operating Active No Action
Over-Temperature T3> Totw FAULT Pi Automatic:
Warning (OTW Min. 120°C - n in i i
g (OTW) ( ) OTW _REP =1 IC_STAT Register Operating Active T_IJ_O< TOTV\{;
—Totw Hy
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& 12. Fault Action and Response (3T R)

FAULT CONDITION | CONFIGURATION REPORT Bl-Fiﬁllig-E LOGIC RECOVERY
Over-Temperature T3> Totsp _ nFAULT Pin Hi-z Active ¢ ut<o$at|c:
Shutdown (OTSD) (Min. 150°C) IC_STAT Register 'IJ' OTSD

—ToTSD_HYS
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8.5 Programming

8.5.1 SPI

SPI bus is used to set device configurations, operating parameters, and read out diagnostic information on the
DRV89xx-Q1 device. The SPI operates in slave mode and connects to a master controller. The SPI input data
(SDI) word consists of a 16 bit word, with an 8 bit command and 8 bits of data. The SPI output data (SDO) word
consists of 8 bit register data and the first 8 bits make up the Status Register with Fault Status indication. The
data sequence between the MCU and the SPI slave driver is shown in ¥ 61.

nSCS

Al D1
SDI
SDO

S1 R1

61. SPI Data Frame

A valid frame must meet the following conditions:
* The SCLK pin should be low when the nSCS pin transitions from high to low and from low to high.
* The nSCS pin should be pulled high for at least 400 ns between words.

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

« Data is captured on the falling edge of SCLK and data is propagated on the rising edge of SCLK.
e The most significant bit (MSB) is shifted in and out first.
e Afull 16 SCLK cycles must occur for transaction to be valid.

« If the data word sent to the SDI pin is less than or more than 16 bits, a frame error occurs and the data word
is ignored.

» For a write command, the existing data in the register being written to is shifted out on the SDO pin following
the 8 bit command data.

8.5.2 SPI Format

The SDI input data word is 16 bits long and consists of the following format:
* 1 read or write bit, W (bit B14)

* 6 address bits, A (bits B13 through B8)

» 8 data bits, D (bits B7 through BO)

The SDO output data word is 16 bits long and the first 8 bits makes up the IC status register. The report word is
the content of the register being accessed.

For a write command (WO = 0), the response word on the SDO pin is the data currently in the register being
written to.

For a read command (WO = 1), the response word is the data currently in the register being read.

56 MR © 2019, Texas Instruments Incorporated


http://www.ti.com.cn/product/cn/drv8904-q1?qgpn=drv8904-q1
http://www.ti.com.cn/product/cn/drv8906-q1?qgpn=drv8906-q1
http://www.ti.com.cn/product/cn/drv8908-q1?qgpn=drv8908-q1
http://www.ti.com.cn/product/cn/drv8910-q1?qgpn=drv8910-q1
http://www.ti.com.cn/product/cn/drv8912-q1?qgpn=drv8912-q1
http://www.ti.com.cn

13 TEXAS

INSTRUMENTS

www.ti.com.cn

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

ZHCSJB5B —SEPTEMBER 2019—REVISED DECEMBER 2019

Programming (3T R)

# 13. SDI Input Data Word Format

R/W Address Data
Bit B15 B14 B13 B12 B1l B10 B9 B8 B7 B6 B5 B4 B3 B2 Bl BO
Data 0 WO A5 A4 A3 A2 Al A0 D7 D6 D5 D4 D3 D2 D1 DO
F% 14. SDO Output Data Word Format
IC Status Report
Bit B15 B14 B13 B12 B11 B10 B9 B8 B7 B6 B5 B4 B3 B2 B1 BO
Data 1 1 oT OLD | OCP | UVLO | OVP | NPOR D7 D6 D5 D4 D3 D2 D1 DO

8.5.3 SPI Interface for Multiple Slaves

Multiple DRV89XX-Q1 devices can be connected to the master controller with and without the daisy chain. For
connecting a 'n' number of DRV89XX-Q1 to a master controller without using a daisy chain, 'n' number of 1/0
resources from master controller has to be utilized for nSCS pins as shown B 62. Whereas, if the daisy chain
configuration is used, then a single nSCS line can be used for connecting multiple DRV89XX-Q1 devices as
shown in & 63.

Master Controller
Cst

SPI

Communication MO%

,J-‘ SCLK

DRV89xx-Q1

SDI

SPI
Communicatio

MCLK

n

DRV89xx-Q1

SPI
Communicatio

n

Master Controller
Cs
MCLK

l nSCS

DRV89xx-Q1

::[: SCLK

SPI

Communication
MO

SPI
Communication

MI

Tg

62. SPI Operation Without Daisy Chain

SDI

SCLK

DRV89xx-Q1

nSCS

T

SPI
Communication

63. SPI Operation With Daisy Chain
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8.5.3.1 SPI Interface for Multiple Slaves in Daisy Chain

The DRV89XX-Q1 device can be connected in a daisy chain configuration to save GPIO ports when multiple
devices are communicating to the same MCU. B 64 shows the topology when 3 devices are connected in series

with waveforms.

[ M-SDO . c SDO1 . c SDO2 ol C SDO3
M-SDO [ }——»{ |SDI1 SDO1 SDI2 SDO2 2 SDO3
SDI SDI2 SDI3 M-SDI
I 1 1 I 1 [
L J Lt
T 1 T T j
nSCS
T ] | |
| | : | |
|
|
HDR1 HDR2 A3 A2 A1l D3 D2 D1 —t
SDI |
|
| ] | | |
| ! i
SDO1 :
S1 HDR1 HDR2 A3 A2 R1 D3 D2 —
SDI2 |
| | j I
| | L
SDO2 !
S2 S1 HDR1 HDR2 A3 R2 R1 D3 :
SDI3 |
T |
: | : | |
|
SDO3 |
S3 S2 S1 HDR1 HDR2 R3 R2 R1 —:—
| |
|
! All Address 1| | All Address | 1|
| Bytes Reach | ! Bytes Reach | |
: Destination | | Destination |
e ___ 1 ——————— | |
! ] : | | |
v v v v \
Status Reads Writes
Response Here Execute Here Execute Here

The first device in the chain shown above receives data from the master controller in the following format. See

SDI1 in § 64

* 2 bytes of Header
» 3 bytes of Address
» 3 bytes of Data

After the data has been transmitted through the chain, the master controller receives it in the following format.

See SDO3 in & 64
» 3 bytes of Status

64. Daisy Chain SPI Operation

» 2 bytes of Header (should be identical to the information controller sent)

» 3 bytes of Report
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The Header bytes 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.
N5 through NO are 6 bits dedicated to show the number of devices in the chain as shown in 65. Up to 63
devices can be connected in series per daisy chain connection.

The 5 LSBs of the HDR2 register are don’t care bits that can be used by the MCU to determine integrity of the
daisy chain connection. Header bytes must start with 1 and 0 for the two MSBs.

1 0 N5 N4 N3 N2 N1 NO
HDR1
| |
| o o |
Number of Devices in the Chain
(Upto2°—1 =63)
1 0 CLR X X X X X
HDR2
! | |
: e |
| Don’t Care

|
1 = Global FAULT Clear
0 =Don’t Care

65. Header Bits
The Status byte provides information about the fault status register for each device in the daisy chain as shown
in B 66. That way the master controller does not have to initiate a read command to read the fault status from

any particular device. This saves the controller additional read commands and makes the system more efficient
to determine fault conditions flagged in a device.

Header Bytes (HDR)

| |

HDR1 1 0 N5 N4 N3 N2 N1 NO I

' |

' |

|

HOR2 | 1 0 CLR X X X X X I

' |

. _ __—_—___ - _ _ _ _ __________——__ ]

Status Byte (S) 1 1 oT oo | oce | uvio | ovp | nPoR

Address Byte (Ay) | 0 RIW A5 Ad A3 A2 A1 A0
Data Byte (A | D7 D6 D5 D4 D3 D2 D1 DO

66. Daisy Chain Read Registers

When data passes through a device, it determines the position of itself in the chain by counting the number of
Status bytes it receives following by the first Header byte. For example, in this 3 device configuration, device 2 in
the chain will receive two Status bytes before receiving HDR1 byte, followed by HDR2 byte.

From the two Status bytes it knows that its position is second in the chain, and from HDR2 byte it knows how
many devices are connected in the chain. That way it only loads the relevant address and data byte in its buffer
and bypasses the other bits. This protocol allows for faster communication without adding latency to the system
for up to 63 devices in the chain.
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The address and data bytes remain the same with respect to a single device connection. The Report bytes (R1

through R3), as shown in the figure above, is the content of the register being accessed.

nSCS N\

Capture

Propagate

8.6 Register Map

{
)

r

—

SDI

SDO

Point

Point

X WSB

AR

XLSB

X x

X z

67. SPI Slave Timing Diagram

This section contains the register maps and bit descriptions for all of the DRV89xx-Q1 devices. DRV8912-Q1
and DRV8910-Q1 Register Maps contains the register maps and register descriptions for DRV8912-Q1 and
DRV8910-Q1 devices. DRV8908-Q1, DRV8906-Q1 and DRV8904-Q1 Register Maps contains the register maps
and register descriptions for DRV8908-Q1, DRV8906-Q1, and DRV8904-Q1 devices. ¥ 15 summarizes the
differences among the part numbers in the DRV89xx-Q1 family.

% 15. Summary of DRV89xx-Q1 Device Family

NUMBER OF HALF- NUMBER OF PWM OPEN-LOAD DETECTION
BELCE BRIDGES GENERATORS SCHEMES SIS U RSB
DRV8912-Q1 12 4 Active OLD, Low-Current F* 17
Active OLD, Negative-Current
DRV8910-Q1 10 4 Active OLD * 18
DRV8908-Q1 8 8 Passive OLD, Active OLD, % 50
DRV8906-Q1 8 Low-Current Active OLD, F* 51
DRV8904-Q1 4 8 Negative-Current Active OLD %50

Complex bit access types are encoded to fit into small table cells. & 16 shows the codes that are used for
access types in this section.

Fk 16. Control Registers Access Type Codes

Access Type ‘ Code ‘ Description
Read Type

R R | Read

Write Type

w |w | write

Reset or Default Value

-n

Value after reset or the default
value

60
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8.6.1 DRV8912-Q1 and DRV8910-Q1 Register Maps

% 17. DRV8912-Q1 Register Map

Name 7 6 5 4 3 2 1 0 Type | Address

IC_STAT Reserved OTSD oTW OLD OoCP UVLO OVP NPOR R 00h
OCP_STAT_1 HB4_HS_OCP | HB4_ LS OCP | HB3_HS_OCP | HB3_LS OCP | HB2_HS_OCP | HB2_LS OCP | HB1_HS OCP | HB1_LS_OCP R 01h
OCP_STAT_2 HB8_HS_OCP | HB8_LS OCP | HB7_HS_OCP | HB7_LS _OCP | HB6_HS_OCP | HB6_LS OCP | HB5 HS OCP | HB5_LS_OCP R 02h
OCP_STAT_3 HB12_HS_OCP | HB12_LS_OCP | HB11_HS_OCP | HB11 LS_OCP | HB10_HS_OCP | HB10_LS_OCP | HB9_HS_OCP | HB9_LS_OCP R 03h
OLD_STAT_1 HB4_HS_OLD | HB4 LS OLD | HB3_HS_OLD | HB3_LS OLD | HB2_HS_OLD | HB2_LS OLD | HB1_HS OLD | HB1_LS_OLD R 04h
OLD_STAT_2 HB8_HS_OLD | HB8_ LS OLD | HB7_HS_OLD | HB7_LS OLD | HB6_HS_OLD | HB6_LS OLD | HB5_HS OLD | HB5_LS_OLD R 05h
OLD_STAT_3 HB12_HS OLD | HB12_LS_OLD | HB11_HS_OLD | HB11 LS_OLD | HB10_HS_OLD | HB10_LS_OLD | HB9_HS _OLD | HB9_LS_OLD R 06h
CONFIG_CTRL Reserved IC_ID OCP_REP OTW_REP EXT_OVP CLR_FLT RW 07h
OP_CTRL_1 HB4_HS_EN HB4_LS_EN HB3_HS_EN HB3_LS_EN HB2_HS_EN HB2_LS_EN HB1_HS_EN HB1_LS EN RW 08h
OP_CTRL_2 HB8_HS_EN HB8_LS_EN HB7_HS_EN HB7_LS_EN HB6_HS_EN HB6_LS_EN HB5_HS_EN HB5_LS_EN RW 09h
OP_CTRL_3 HB12_HS_EN HB12_LS_EN HB11_HS_EN HB11_LS_EN HB10_HS_EN HB10_LS_EN HB9_HS_EN HB9_LS _EN RW 0Ah
PWM_CTRL_1 HB8_PWM HB7_PWM HB6_PWM HB5_PWM HB4_PWM HB3_PWM HB2_PWM HB1_PWM RW 0Bh
PWM_CTRL_2 PWM_CH4_DIS | PWM_CH3_DIS | PWM_CH2_DIS | PWM_CH1_DIS | HB12_PWM HB11_PWM HB10_PWM HB9_PWM RW 0Ch
FW_CTRL_1 HB8_FW HB7_FW HB6_FW HB5_FW HB4_FW HB3_FW HB2_FW HB1_FW RW 0Dh
FW_CTRL_2 Reserved HB12_FW HB11 _FW HB10_FW HB9_FW RW OEh
PWM_MAP_CTRL_1 HB4_PWM_MAP HB3_PWM_MAP HB2_PWM_MAP HB1_PWM_MAP RW OFh
PWM_MAP_CTRL_2® HB8_PWM_MAP HB7_PWM_MAP HB6_PWM_MAP HB5_PWM_MAP RW 10n®
PWM_MAP_CTRL_3 HB12_PWM_MAP HB11_PWM_MAP HB10_PWM_MAP HB9_PWM_MAP RW 11h
PWM_FREQ_CTRL PWM_CH4_FREQ PWM_CH3_FREQ PWM_CH2_FREQ PWM_CH1_FREQ RW 12h
PWM_DUTY_CTRL_1 PWM_DUTY_CH1 RW 13h
PWM_DUTY_CTRL_2 PWM_DUTY_CH2 RW 14h
PWM_DUTY_CTRL_3 PWM_DUTY_CH3 RW 15h
PWM_DUTY_CTRL_4 PWM_DUTY_CH4 RW 16h
SR_CTRL_1 HB8_SR HB7_SR HB6_SR ‘ HB5_SR HB4_SR HB3_SR HB2_SR HB1_SR RW 17h
SR_CTRL_2 Reserved HB12_SR HB11_SR HB10_SR HB9_SR RW 18h
OLD_CTRL_1 HB8_OLD_DIS | HB7_OLD_DIS | HB6_OLD_DIS ‘ HB5_OLD_DIS | HB4_OLD_DIS | HB3_OLD_DIS | HB2_OLD_DIS | HB1_OLD_DIS RW 19h
OLD_CTRL_2 OLD_REP OLD_OP PL_MODE_EN HB12_OLD_DIS | HB11_OLD_DIS | HB10_OLD_DIS | HB9_OLD_DIS RW 1Ah
OLD_CTRL_3 OCP_DEG OLD_NEG_EN HBlz—kIOLD—E HBll—kIOLD—E HBlO—kIOLD—E HB9_LOLD_EN | RW 1Bh
OLD_CTRL_4 HB8_LOLD_EN | HB7_LOLD_EN | HB6_LOLD_EN | HB5_LOLD_EN | HB4_LOLD_EN | HB3_LOLD_EN | HB2_LOLD_EN | HB1_LOLD_EN | RW 24h

(1) After this register address, the functions are similar between DRV8912-Q1 and DRV8910-Q1. However, DRV8908-Q1, DRV8906-Q1, and DRV8904-Q1 have different functions for these
addresses.

RN © 2019, Texas Instruments Incorporated 61


http://www.ti.com.cn/product/cn/drv8904-q1?qgpn=drv8904-q1
http://www.ti.com.cn/product/cn/drv8906-q1?qgpn=drv8906-q1
http://www.ti.com.cn/product/cn/drv8908-q1?qgpn=drv8908-q1
http://www.ti.com.cn/product/cn/drv8910-q1?qgpn=drv8910-q1
http://www.ti.com.cn/product/cn/drv8912-q1?qgpn=drv8912-q1
http://www.ti.com.cn

13 TEXAS

DRV8904-Q1, DRV8906-Q1, DRV8908-Q1 INSTRUMENTS
DRV8910-Q1, DRV8912-Q1
ZHCSJBSB —SEPTEMBER 2019—REVISED DECEMBER 2019 www.ti.com.cn

¥% 18. DRV8910-Q1 Register Map

Name 7 6 5 4 3 2 1 0 Type | Address

IC_STAT Reserved OTSD oTW oLD ocP UVLO OVP NPOR R 00h
OCP_STAT 1 HB4 HS OCP | HB4_LS OCP | HB3_HS_OCP | HB3 LS OCP | HB2_HS_OCP | HB2 LS_OCP | HB1_HS OCP | HB1_LS_OCP R 01h
OCP_STAT 2 HB8 HS OCP | HB8_LS OCP | HB7_HS_OCP | HB7 LS OCP | HB6_HS_OCP | HB6 LS _OCP | HB5 HS OCP | HB5_LS_OCP R 02h
OCP_STAT 3 Reserved HB10_HS_OCP | HB10_LS OCP | HB9_HS OCP | HB9 LS_OCP R 03h
OLD_STAT 1 HB4 HS OLD | HB4_LS OLD | HB3_HS _OLD | HB3 LS OLD | HB2_HS_OLD | HB2 LS OLD | HB1 HS OLD | HB1_LS_OLD R 04h
OLD_STAT 2 HB8_HS OLD | HB8_LS OLD | HB7_HS_OLD | HB7 LS OLD | HB6_HS OLD | HB6 LS OLD | HB5 HS OLD | HB5_LS_OLD R 05h
OLD_STAT 3 Reserved HB10_HS_OLD | HB10 LS OLD | HB9_HS OLD | HB9 LS_OLD R 06h
CONFIG_CTRL Reserved IC_ID OCP_REP OTW_REP EXT_OVP CLR_FLT RW 07h
OP_CTRL_1 HB4 HS_EN HB4 LS_EN HB3_HS_EN HB3_LS_EN HB2_HS_EN HB2_LS_EN HB1_HS_EN HB1_LS_EN RW 08h
OP_CTRL_2 HB8_HS_EN HB8_LS_EN HB7_HS_EN HB7_LS_EN HB6_HS_EN HB6_LS_EN HB5_HS_EN HB5_LS_EN RW 09h
OP_CTRL_3 Reserved HB10 HS_EN | HB10 LS EN | HB9 HS EN HB9_LS_EN RW 0Ah
PWM_CTRL_1 HB8_PWM HB7_PWM HB6_PWM HB5_PWM HB4_PWM HB3_PWM HB2_PWM HB1_PWM RW 0Bh
PWM_CTRL_2 PWM_CH4 _DIS | PWM_CH3_DIS | PWM_CH2_DIS | PWM_CH1_DIS Reserved HB10_PWM HB9_PWM RW 0Ch
FW_CTRL 1 HB8_FW HB7_FW HB6_FW HB5_FW HB4 FW HB3_FW HB2_FW HB1 FW RW 0Dh
FW_CTRL 2 Reserved HB10 FW HB9_FW RW OEh
PWM_MAP_CTRL_1 HB4_PWM_MAP HB3_PWM_MAP HB2_PWM_MAP HB1_PWM_MAP RW OFh
PWM_MAP_CTRL_2® HB8_PWM_MAP HB7_PWM_MAP HB6_PWM_MAP HB5_PWM_MAP RW 10n®
PWM_MAP_CTRL_3 Reserved HB10_PWM_MAP HB9_PWM_MAP RW 11h
PWM_FREQ CTRL PWM_CH4_FREQ PWM_CH3_FREQ PWM_CH2_FREQ PWM_CH1_FREQ RW 12h
PWM_DUTY_CTRL_1 PWM_DUTY_CH1 RW 13h
PWM_DUTY_CTRL_2 PWM_DUTY_CH2 RW 14h
PWM_DUTY_CTRL_3 PWM_DUTY_CH3 RW 15h
PWM_DUTY_CTRL_4 PWM_DUTY_CH4 RW 16h
SR_CTRL_1 HB8_ SR HB7_SR HB6_SR \ HB5_SR HB4 SR \ HB3_SR HB2_SR HB1 SR RW 17h
SR_CTRL_2 Reserved HB10_SR HB9_SR RW 18h
OLD_CTRL_1 HB8_OLD_DIS | HB7_OLD_DIS | HB6_OLD_DIS \ HB5_OLD_DIS | HB4 OLD_DIS \ HB3_OLD_DIS | HB2_OLD_DIS | HB1_OLD DIS | RW 19h
OLD_CTRL_2 OLD_REP OLD_OP PL_MODE_EN Reserved HB10_OLD_DIS| HB9 OLD DIS | RW 1Ah
OLD_CTRL_3 OCP_DEG OLD_NEG_EN Reserved HBlO—,';IOLD—E HB9 LOLD EN | RW 1Bh
OLD_CTRL_4 HB8_LOLD_EN | HB7_LOLD_EN | HB6_LOLD_EN | HB5_LOLD_EN | HB4_LOLD_EN \ HB3_LOLD_EN | HB2_LOLD_EN | HB1_LOLD EN | RW 24h

(1) After this register address, the register functions are similar between DRV8912-Q1 and DRV8910-Q1. However, DRV8908-Q1, DRV8906-Q1, and DRV8904-Q1 have different functions
for these addresses.
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8.6.1.1 Status Registers
The status registers are used to report warning and fault conditions. The status registers are read-only registers.

# 19 lists the memory-mapped registers for the status registers. All register offset addresses not listed in & 19
should be considered as reserved locations and the register contents should not be modified.

F 19. Status Registers Summary Table

Address Register Name Section
0x00 IC Status Go
0x01 Overcurrent Protection (OCP) Status 1 Go
0x02 Overcurrent Protection (OCP) Status 2 Go
0x03 Overcurrent Protection (OCP) Status 3 Go
0x04 Open-Load Detect (OLD) Status 1 Go
0x05 Open-Load Detect (OLD) Status 2 Go
0x06 Open-Load Detect (OLD) Status 3 Go
8.6.1.1.1 IC Status (IC_STAT) Register (Address = 0x00) [reset = 0x00]
The IC status (IC_STAT) register is shown in B 68 and described in & 20.
Register access type: Read only
68. IC Status Register
7 6 5 4 3 2 1 0
Reserved OTSD oTW OLD OCP UVLO OVP NPOR
R-0b R-0b R-0Ob R-0b R-0Ob R-0b R-0Ob R-0b
F 20. IC Status Register Field Descriptions
Bit Field Type Default Description
7 Reserved R 0Ob Reserved
6 OTSD R 0b Ob = No overtemperature shutdown is detected
1b = Overcurrent condition is detected
5 oTw R 0b Ob = No overtemperature warning is detected
1b = Overcurrent condition is detected
4 OoLD R 0b Ob = No open-load condition is detected
1b = Open-load condition is detected
3 ocp R 0b Ob = No overcurrent condition is detected
1b = Overcurrent condition is detected
2 UVLO R 0b Ob = No undervoltage lock-out condition is detected
1b = Under-voltage lock-out condition condition is detected
1 ovp R 0b Ob = No overvoltage condition is detected
1b = Overvoltage condition is detected
0 NPOR R 0b Ob = Power-on-reset condition is detected
1b = No power-on-reset condition is detected
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8.6.1.1.2 Overcurrent Protection (OCP) Status 1 (OCP_STAT_1) Register (Address = 0x01) [reset = 0x00]
The overcurrent protection (OCP) status 1 register is shown in B 69 and described in & 21.

Register access type: Read only

69. Overcurrent Protection (OCP) Status 1 Register

7 6 5 4 3 2 1 0
HB4 HS OCP HB4 LS OCP HB3_HS OCP HB3 LS OCP HB2 HS OCP HB2 LS OCP HB1 HS OCP HB1 LS OCP
R-Ob R-0b R-Ob R-0b R-Ob R-0b R-Ob R-0b

Fz 21. Overcurrent Protection (OCP) Status 1 Register Field Descriptions

Bit Field Type Default Description

7 HB4_HS_OCP R 0b Ob = No overcurrent detected on high-side switch of half-
bridge 4
1b = Overcurrent detected on high-side switch of half-bridge 4

6 HB4_LS_OCP R Ob Ob = No overcurrent detected on low-side switch of half-
bridge 4

1b = Overcurrent detected on low-side switch of half-bridge 4

5 HB3_HS_OCP R 0b Ob = No overcurrent detected on high-side switch of half-
bridge 3
1b = Overcurrent detected on high-side switch of half-bridge 3

4 HB3_LS_OCP R 0b Ob = No overcurrent detected on low-side switch of half-
bridge 3
1b = Overcurrent detected on low-side switch of half-bridge 3

3 HB2_HS_OCP R 0b Ob = No overcurrent detected on high-side switch of half-
bridge 2
1b = Overcurrent detected on high-side switch of half-bridge 2

2 HB2_LS_OCP R Ob Ob = No overcurrent detected on low-side switch of half-
bridge 2
1b = Overcurrent detected on low-side switch of half-bridge 2

1 HB1_HS_OCP R 0b Ob = No overcurrent detected on high-side switch of half-
bridge 1
1b = Overcurrent detected on high-side switch of half-bridge 1

0 HB1_LS_OCP R Ob Ob = No overcurrent detected on low-side switch of half-
bridge 1

1b = Overcurrent detected on low-side switch of half-bridge 1
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8.6.1.1.3 Overcurrent Protection (OCP) Status 2 (OCP_STAT_2) Register (Address = 0x02) [reset = 0x00]
The overcurrent protection (OCP) status 2 register is shown in B 70 and described in .

Register access type: Read only

70. Overcurrent Protection (OCP) Status 2 Register

7 6 5 4 3 2 1 0
HBS_HS OCP HB8 LS OCP HB7 HS OCP HB7 LS OCP HB6_HS OCP HB6 LS OCP HB5 HS OCP HB5 LS OCP
R-Ob R-0b R-Ob R-0b R-Ob R-0b R-Ob R-0b

Fz 22. Overcurrent Protection (OCP) Status 2 Register Field Descriptions

Bit Field Type Default Description
7 HB8_HS_OCP R Ob

Ob = No overcurrent detected on high-side switch of half-
bridge 8

1b = Overcurrent detected on high-side switch of half-bridge 8

6 HB8_LS_OCP R Ob Ob = No overcurrent detected on low-side switch of half-

bridge 8
1b = Overcurrent detected on low-side switch of half-bridge 8

5 HB7_HS_OCP R 0b Ob = No overcurrent detected on high-side switch of half-

bridge 7
1b = Overcurrent detected on high-side switch of half-bridge 7

4 HB7_LS_OCP R Ob Ob = No overcurrent detected on low-side switch of half-

bridge 7
1b = Overcurrent detected on low-side switch of half-bridge 7

3 HB6_HS_OCP R 0b Ob = No overcurrent detected on high-side switch of half-
bridge 6

1b = Overcurrent detected on high-side switch of half-bridge 6

2 HB6_LS_OCP R Ob Ob = No overcurrent detected on low-side switch of half-
bridge 6

1b = Overcurrent detected on low-side switch of half-bridge 6

1 HB5_HS_OCP R 0b Ob = No overcurrent detected on high-side switch of half-

bridge 5
1b = Overcurrent detected on high-side switch of half-bridge 5

0 HB5_LS_OCP R Ob Ob = No overcurrent detected on low-side switch of half-

bridge 5
1b = Overcurrent detected on low-side switch of half-bridge 5
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8.6.1.1.4 Overcurrent Protection (OCP) Status 3 (OCP_STAT_3) Register (Address = 0x03) [reset = 0x00]
The overcurrent protection (OCP) status 3 register is shown in B 71 and described in % 23.

Register access type: Read only

71. Overcurrent Protection (OCP) Status 3 Register

7 6 5 4 S 2 1 0

HB12_HS_OC HB12 LS OCP HB11 HS OC HB11_LS_OCP HB10_HS_OC HB10 LS OCP HB9 HS_OCP HB9_LS_OCP
P P P

R-0b R-0b R-0b R-0b R-0b R-0b R-0b R-0b

Fz 23. Overcurrent Protection (OCP) Status 3 Register Field Descriptions

Bit Field Type Default Description

7 HB12_HS_OCP R 0b Ob = No overcurrent detected on high-side switch of half-
bridge 12

1b = Overcurrent detected on high-side switch of half-bridge 12

6 HB12_LS_OCP R Ob Ob = No overcurrent detected on low-side switch of half-
bridge 12

1b = Overcurrent detected on low-side switch of half-bridge 12

5 HB11_HS_OCP R Ob Ob = No overcurrent detected on high-side switch of half-
bridge 11

1b = Overcurrent detected on high-side switch of half-bridge 11

4 HB11 LS OCP R 0Ob Ob = No overcurrent detected on low-side switch of half-
bridge 11

1b = Overcurrent detected on low-side switch of half-bridge 11

3 HB10_HS_OCP R 0b Ob = No overcurrent detected on high-side switch of half-
bridge 10

1b = Overcurrent detected on high-side switch of half-bridge 10

2 HB10_LS_OCP R Ob Ob = No overcurrent detected on low-side switch of half-
bridge 10

1b = Overcurrent detected on low-side switch of half-bridge 10

1 HB9_HS_OCP R 0b Ob = No overcurrent detected on high-side switch of half-
bridge 9

1b = Overcurrent detected on high-side switch of half-bridge 9

0 HBY_LS_OCP R 0b Ob = No overcurrent detected on low-side switch of half-
bridge 9
1b = Overcurrent detected on low-side switch of half-bridge 9
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8.6.1.1.5 Open-Load Detect (OLD) Status 1 (OLD_STAT_1) Register (Address = 0x04) [reset = 0x00]
The open-load detect (OLD) status 1 register is shown in B 72 and described in & 24.
Register access type: Read only

72. Open-Load Detect (OLD) Status 1 Register

7 6 5 4 3 2 1 0
HB4 HS OLD HB4_LS OLD HB3_HS OLD HB3 LS OLD HB2 HS OLD HB2_LS OLD HB1_HS OLD HB1 LS OLD
R-0b R-0b R-0b R-0b R-0b R-0b R-0b R-0b
Fk 24. Open-Load Detect (OLD) Status 1 Register Field Descriptions

Bit Field Type Default Description

7 HB4_HS_OLD R 0b Ob = No open load detected on high-side switch of half-
bridge 4
1b = Open load detected on high-side switch of half-bridge 4

6 HB4_LS_OLD R 0b Ob = No open load detected on low-side switch of half-
bridge 4
1b = Open load detected on low-side switch of half-bridge 4

5 HB3_HS_OLD R 0b Ob = No open load detected on high-side switch of half-
bridge 3
1b = Open load detected on high-side switch of half-bridge 3

4 HB3_LS_OLD R 0b Ob = No open load detected on low-side switch of half-
bridge 3
1b = Open load detected on low-side switch of half-bridge 3

3 HB2_HS_OLD R 0b Ob = No open load detected on high-side switch of half-
bridge 2
1b = Open load detected on high-side switch of half-bridge 2

2 HB2_LS_OLD R 0b Ob = No open load detected on low-side switch of half-
bridge 2
1b = Open load detected on low-side switch of half-bridge 2

1 HB1_HS_OLD R 0b Ob = No open load detected on high-side switch of half-
bridge 1
1b = Open load detected on high-side switch of half-bridge 1

0 HB1 LS _OLD R 0b Ob = No open load detected on low-side switch of half-
bridge 1

1b = Open load detected on low-side switch of half-bridge 1

RN © 2019, Texas Instruments Incorporated 67


http://www.ti.com.cn/product/cn/drv8904-q1?qgpn=drv8904-q1
http://www.ti.com.cn/product/cn/drv8906-q1?qgpn=drv8906-q1
http://www.ti.com.cn/product/cn/drv8908-q1?qgpn=drv8908-q1
http://www.ti.com.cn/product/cn/drv8910-q1?qgpn=drv8910-q1
http://www.ti.com.cn/product/cn/drv8912-q1?qgpn=drv8912-q1
http://www.ti.com.cn

13 TEXAS

DRV8904-Q1, DRV8906-Q1, DRV8908-Q1 INSTRUMENTS
DRV8910-Q1, DRV8912-Q1
ZHCSJB5B —SEPTEMBER 2019-REVISED DECEMBER 2019 www.ti.com.cn

8.6.1.1.6 Open-Load Detect (OLD) Status 2 (OLD_STAT_2) Register (Address = 0x05) [reset = 0x00]
The open-load detect (OLD) status 2 register is shown in B 73 and described in & 25.
Register access type: Read only

73. Open-Load Detect (OLD) Status 2 Register

7 6 5 4 3 2 1 0
HB8_ HS OLD HB8 LS OLD HB7 HS OLD HB7 LS OLD HB6 HS OLD HB6_LS OLD HB5 HS OLD HB5 LS OLD
R-Ob R-0b R-Ob R-0b R-Ob R-0b R-Ob R-0b

Fz 25. Open-Load Detect (OLD) Status 2 Register Field Descriptions

Bit Field Type Default Description
7 HB8_HS_OLD R Ob

Ob = No open load detected on high-side switch of half-
bridge 8

1b = Open load detected on high-side switch of half-bridge 8

6 HB8_LS_OLD R 0b Ob = No open load detected on low-side switch of half-

bridge 8
1b = Open load detected on low-side switch of half-bridge 8

5 HB7_HS_OLD R 0b Ob = No open load detected on high-side switch of half-

bridge 7
1b = Open load detected on high-side switch of half-bridge 7

4 HB7_LS_OLD R Ob Ob = No open load detected on low-side switch of half-

bridge 7
1b = Open load detected on low-side switch of half-bridge 7

3 HB6_HS_OLD R Ob Ob = No open load detected on high-side switch of half-
bridge 6

1b = Open load detected on high-side switch of half-bridge 6

2 HB6_LS_OLD R Ob Ob = No open load detected on low-side switch of half-
bridge 6

1b = Open load detected on low-side switch of half-bridge 6

1 HB5_HS_OLD R 0b Ob = No open load detected on high-side switch of half-

bridge 5
1b = Open load detected on high-side switch of half-bridge 5

0 HBS5_LS_OLD R 0b Ob = No open load detected on low-side switch of half-

bridge 5
1b = Open load detected on low-side switch of half-bridge 5
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8.6.1.1.7 Open-Load Detect (OLD) Status 3 (OLD_STAT_3) Register (Address = 0x06) [reset = 0x00]
The open-load detect (OLD) status 3 register is shown in B 74 and described in & 26.
Register access type: Read only

74. Open-Load Detect (OLD) Status 3 Register

7 6 5 4 3 2 1 0
HB12 HS OLD HB12_LS OLD HB11_HS_OLD HB11_LS_OLD HB10_HS_OLD HB10_LS_OLD HB9_HS OLD HB9 LS _OLD
R-0b R-0b R-0b R-0b R-0b R-0b R-0b R-0b
5% 26. Open-Load Detect (OLD) Status 3 Register Field Descriptions

Bit Field Type Default Description

7 HB12_HS_OLD R Ob Ob = No open load detected on high-side switch of half-
bridge 12
1b = Open load detected on high-side switch of half-bridge 12

6 HB12 LS _OLD R 0b Ob = No open load detected on low-side switch of half-
bridge 12
1b = Open load detected on low-side switch of half-bridge 12

5 HB11_HS_OLD R 0b Ob = No open load detected on high-side switch of half-
bridge 11
1b = Open load detected on high-side switch of half-bridge 11

4 HB11 LS OLD R 0b Ob = No open load detected on low-side switch of half-
bridge 11
1b = Open load detected on low-side switch of half-bridge 11

3 HB10_HS_OLD R 0b Ob = No open load detected on high-side switch of half-
bridge 10
1b = Open load detected on high-side switch of half-bridge 10

2 HB10_LS_OLD R 0b Ob = No open load detected on low-side switch of half-
bridge 10
1b = Open load detected on low-side switch of half-bridge 10

1 HBY_HS_OLD R 0b Ob = No open load detected on high-side switch of half-
bridge 9
1b = Open load detected on high-side switch of half-bridge 9

0 HBY_LS_OLD R 0b Ob = No open load detected on low-side switch of half-
bridge 9

1b = Open load detected on low-side switch of half-bridge 9

RN © 2019, Texas Instruments Incorporated 69


http://www.ti.com.cn/product/cn/drv8904-q1?qgpn=drv8904-q1
http://www.ti.com.cn/product/cn/drv8906-q1?qgpn=drv8906-q1
http://www.ti.com.cn/product/cn/drv8908-q1?qgpn=drv8908-q1
http://www.ti.com.cn/product/cn/drv8910-q1?qgpn=drv8910-q1
http://www.ti.com.cn/product/cn/drv8912-q1?qgpn=drv8912-q1
http://www.ti.com.cn

DRV8904-Q1, DRV8906-Q1, DRV8908-Q1

DRV8910-Q1, DRV8912-Q1

ZHCSJB5B —SEPTEMBER 2019—REVISED DECEMBER 2019

13 TEXAS
INSTRUMENTS

www.ti.com.cn

8.6.1.2 Control Registers

The control registers are used to configure the device. The control registers are read and write capable.

F 27 lists the memory-mapped registers for the control registers. All register offset addresses not listed in & 27
should be considered as reserved locations and the register contents should not be modified.

Fk 27. Control Registers Summary Table

Address Register Name Section
0x07 Configuration Register Go
0x08 Operation Control 1 Register Go
0x09 Operation Control 2 Register Go
0x0A Operation Control 3 Register Go
0x0B PWM Control 1 Register Go
0x0C PWM Control 2 Register Go
0x0D Free-Wheeling Control 1 Register Go
OxO0E Free-Wheeling Control 2 Register Go
OxOF PWM Map Control 1 Register Go
0x10 PWM Map Control 2 Register Go
0x11 PWM Map Control 3 Register Go
0x12 PWM Frequency Control Register Go
0x13 PWM Duty Control Channel 1 Register Go
0x14 PWM Duty Control Channel 2 Register Go
0x15 PWM Duty Control Channel 3 Register Go
0x16 PWM Duty Control Channel 4 Register Go
0x17 Slew Rate Control 1 Register Go
0x18 Slew Rate Control 2 Register Go
0x19 Open-Load Detect Control 1 Register Go
O0x1A Open-Load Detect Control 2 Register Go
0x1B Open-Load Detect Control 3 Register Go
0x24 Open-Load Detect Control 4 Register Go
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8.6.1.2.1 Configuration (CONFIG_CTRL) Register (Address = 0x07) [reset = 0x00]
The configuration register is shown in B 75 and described in % 28.

Register access type: Read/Write

75. Configuration Register

7 5 4 3 2 1 0
Reserved IC_ID OCP_REP OTW_REP EXT_OVP CLR_FLT
R/W-0b R-Xb R-Xb R-Xb R/W-0b R/W-0b R/W-0b R/W-0b
#k 28. Configuration Register Field Descriptions
Bit Field Type Default Description
7 Reserved R/W Ob Reserved
6-4 IC_ID R XXXb 000b = Device connected is DRV8912-Q1 (12 Channel Device)
001b = Device connected is DRV8910-Q1 (10 Channel Device)
010b = Device connected is DRV8908-Q1 (8 Channel Device)
011b = Device connected is DRV8906-Q1 (6 Channel Device)
100b = Device connected is DRV8904-Q1 (4 Channel Device)
101b = Reserved
110b = Reserved
111b = Reserved
3 OCP_REP RIW 0b Ob = Overcurrent condition is reported in nFAULT pin
1b = Overcurrent condition warning is not reported on the
nNFAULT pin
2 OTW_REP RW 0b Ob = Overtemperature warning is not reported in nFAULT
pin
1b = Overtemperature warning is reported on the nFAULT pin
1 EXT_OvVP RW 0b Ob = Overvoltage protection threshold is at 21 V
1b = Overvoltage protection threshold is at 33 V
0 CLR_FLT RIW 0b Ob = Faults not cleared
1b = Clear all faults
¥

CLR_FLT bit is an auto-clear bit and will always read '0'".
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8.6.1.2.2 Operation Control 1 (OP_CTRL_1) Register (Address = 0x08) [reset = 0x00]
The operation control 1 register is shown in B 76 and described in & 29.

Register access type: Read/Write

76. Operation Control 1 Register

7 6 5 4 3 2 1 0
HB4 HS EN HB4 LS EN HB3 HS EN HB3 LS EN HB2 HS EN HB2 LS EN HBL HS EN  HBL1 LS EN
R/W-0b RIW-0b R/W-0b RIW-0b R/W-0b RIW-0b R/W-0b RIW-0b

Fz 29. Operation Control 1 Register Field Descriptions

Bit Field Type Default Description

7 HB4_HS_EN RIW 0b 0b = Half-bridge 4 high-side switch is disabled
1b = Half-bridge 4 high-side switch is enabled

6 HB4_LS_EN RW 0b Ob = Half-bridge 4 low-side switch is disabled
1b = Half-bridge 4 low-side switch is enabled

5 HB3_HS_EN RIW 0b 0b = Half-bridge 3 high-side switch is disabled
1b = Half-bridge 3 high-side switch is enabled

4 HB3_LS_EN RIW 0b 0b = Half-bridge 3 low-side switch is disabled
1b = Half-bridge 3 low-side switch is enabled

3 HB2_HS_EN RW 0b 0Ob = Half-bridge 2 high-side switch is disabled
1b = Half-bridge 2 high-side switch is enabled

2 HB2_LS_EN RIW 0b Ob = Half-bridge 2 low-side switch is disabled
1b = Half-bridge 2 low-side switch is enabled

1 HB1_HS_EN RIW 0b 0b = Half-bridge 1 high-side switch is disabled
1b = Half-bridge 1 high-side switch is enabled

0 HB1_LS_EN RW 0b Ob = Half-bridge 1 low-side switch is disabled
1b = Half-bridge 1 low-side switch is enabled
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8.6.1.2.3 Operation Control 2 (OP_CTRL_2) Register (Address = 0x09) [reset = 0x00]
The operation control 2 register is shown in B 77 and described in & 30.

Register access type: Read/Write

77. Operation Control 2 Register

7 6 5 4 3 2 1 0
HB8 HS EN HBS LS EN HB7 HS EN HB7 LS EN HB6 HS EN HB6 LS EN HB5 HS EN  HB5 LS EN
R/W-0b RIW-0b R/W-0b RIW-0b R/W-0b RIW-0b R/W-0b RIW-0b

#z 30. Operation Control 2 Register Field Descriptions

Bit Field Type Default Description

7 HB8_HS_EN RIW 0b 0b = Half-bridge 8 high-side switch is disabled
1b = Half-bridge 8 high-side switch is enabled

6 HB8_LS_EN RIW 0b Ob = Half-bridge 8 low-side switch is disabled
1b = Half-bridge 8 low-side switch is enabled

5 HB7_HS_EN RIW 0b 0b = Half-bridge 7 high-side switch is disabled
1b = Half-bridge 7 high-side switch is enabled

4 HB7_LS_EN RIW 0b 0b = Half-bridge 7 low-side switch is disabled
1b = Half-bridge 7 low-side switch is enabled

3 HB6_HS_EN RW 0b Ob = Half-bridge 6 high-side switch is disabled
1b = Half-bridge 6 high-side switch is enabled

2 HB6_LS_EN RIW 0b Ob = Half-bridge 6 low-side switch is disabled

1b = Half-bridge 6 low-side switch is enabled

1 HB5_HS_EN RIW 0b 0b = Half-bridge 5 high-side switch is disabled
1b = Half-bridge 5 high-side switch is enabled

0 HB5_LS_EN RW 0b Ob = Half-bridge 5 low-side switch is disabled
1b = Half-bridge 5 low-side switch is enabled

RN © 2019, Texas Instruments Incorporated 73


http://www.ti.com.cn/product/cn/drv8904-q1?qgpn=drv8904-q1
http://www.ti.com.cn/product/cn/drv8906-q1?qgpn=drv8906-q1
http://www.ti.com.cn/product/cn/drv8908-q1?qgpn=drv8908-q1
http://www.ti.com.cn/product/cn/drv8910-q1?qgpn=drv8910-q1
http://www.ti.com.cn/product/cn/drv8912-q1?qgpn=drv8912-q1
http://www.ti.com.cn

13 TEXAS

DRV8904-Q1, DRV8906-Q1, DRV8908-Q1 INSTRUMENTS
DRV8910-Q1, DRV8912-Q1
ZHCSJB5B —SEPTEMBER 2019-REVISED DECEMBER 2019 www.ti.com.cn

8.6.1.2.4 Operation Control 3 (OP_CTRL_3) Register (Address = 0x0A) [reset = 0x00]
The operation control 3 register is shown in B 78 and described in & 31.
Register access type: Read/Write

78. Operation Control 3 Register

7 6 5 4 3 2 1 0
HB12 HS EN HB12 LS EN HB11 HS EN HB11 LS EN HB10 HS EN HB10 LS EN HB9 HS EN  HB9 LS EN
R/W-0b RIW-0b R/W-0b RIW-0b R/W-0b RIW-0b R/W-0b RIW-0b

#z 31. Operation Control 3 Register Field Descriptions

Bit Field Type Default Description

7 HB12_HS_EN RIW 0b Ob = Half-bridge 12 high-side switch is disabled
1b = Half-bridge 12 high-side switch is enabled

6 HB12_LS_EN RW 0b 0b = Half-bridge 12 low-side switch is disabled
1b = Half-bridge 12 low-side switch is enabled

5 HB11 HS_EN RIW 0b Ob = Half-bridge 11 high-side switch is disabled
1b = Half-bridge 11 high-side switch is enabled

4 HB11_LS_EN RIW 0b Ob = Half-bridge 11 low-side switch is disabled
1b = Half-bridge 11 low-side switch is enabled

3 HB10_HS_EN RW 0b 0b = Half-bridge 10 high-side switch is disabled
1b = Half-bridge 10 high-side switch is enabled

2 HB10_LS_EN RIW 0b Ob = Half-bridge 10 low-side switch is disabled
1b = Half-bridge 10 low-side switch is enabled

1 HBY_HS_EN RIW 0b 0b = Half-bridge 9 high-side switch is disabled
1b = Half-bridge 9 high-side switch is enabled

0 HB9_LS_EN RW 0b Ob = Half-bridge 9 low-side switch is disabled
1b = Half-bridge 9 low-side switch is enabled
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8.6.1.2.5 PWM Control 1 (PWM_CTRL_1) Register (Address = 0x0B) [reset = 0x00]
The PWM control 1 register is shown in B 79 and described in & 32.
Register access type: Read/Write

79. PWM Control 1 Register

7 6 5 4 3 2 1 0
HB8_PWM HB7_PWM HB6_PWM HB5_PWM HB4_PWM HB3_PWM HB2_PWM HB1_PWM
R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b
#z 32. PWM Control 1 Register Field Descriptions

Bit Field Type Default Description

7 HB8_PWM RIW 0b Ob = Half-bridge 8 is operating in continuous mode
1b = Half-bridge 8 is operating in PWM mode

6 HB7_PWM RW 0b Ob = Half-bridge 7 is operating in continuous mode
1b = Half-bridge 7is operating in PWM mode

5 HB6_PWM RIW 0b Ob = Half-bridge 6 is operating in continuous mode
1b = Half-bridge 6 is operating in PWM mode

4 HB5_PWM RIW 0b Ob = Half-bridge 5 is operating in continuous mode
1b = Half-bridge 5 is operating in PWM mode

3 HB4_PWM RW 0b Ob = Half-bridge 4 is operating in continuous mode
1b = Half-bridge 4 is operating in PWM mode

2 HB3_PWM RIW 0b Ob = Half-bridge 3 is operating in continuous mode
1b = Half-bridge 3 is operating in PWM mode

1 HB2_PWM RIW 0b Ob = Half-bridge 2 is operating in continuous mode
1b = Half-bridge 2 is operating in PWM mode

0 HB1_PWM RW 0b Ob = Half-bridge 1 is operating in continuous mode
1b = Half-bridge 1 is operating in PWM mode
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8.6.1.2.6 PWM Control 2 (PWM_CTRL_2) Register (Address = 0x0C) [reset = 0x00]
The PWM control 2 register is shown in B 80 and described in & 33.
Register access type: Read/Write

80. PWM Control 2 Register

7 6 5 4 3 2 1 0
PWM_CH4 DI PWM_CH3_ DI PWM_CH2_DI PWM _CH1 DI HB12_ PWM  HB1l1_PWM  HB10 _PWM HB9_PWM
s s s s
R/W-0b RIW-0b R/W-0b RIW-0b R/W-0b RIW-0b R/W-0b RIW-0b

Fz 33. PWM Control 2 Register Field Descriptions

Bit Field Type Default Description

7 PWM_CH4_DIS RW 0b Ob = PWM Generator-4 is enabled
1b = PWM Generator-4 is disabled

6 PWM_CH3_DIS RIW 0b Ob = PWM Generator-3 is enabled
1b = PWM Generator-3 is disabled

5 PWM_CH2_DIS RW 0b Ob = PWM Generator-2 is enabled
1b = PWM Generator-2 is disabled

4 PWM_CH1_DIS RW 0b Ob = PWM Generator-1 is enabled
1b = PWM Generator-1 is disabled

3 HB12_PWM RIW 0b Ob = Half-bridge 12 is operating in continuous mode
1b = Half-bridge 12 is operating in PWM mode

2 HB11_PWM RIW 0b Ob = Half-bridge 11 is operating in continuous mode
1b = Half-bridge 11 is operating in PWM mode

1 HB10_PWM RW 0b Ob = Half-bridge 10 is operating in continuous mode
1b = Half-bridge 10 is operating in PWM mode

0 HB9_PWM R/W 0Ob

Ob = Half-bridge 9 is operating in continuous mode
1b = Half-bridge 9 is operating in PWM mode
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8.6.1.2.7 Free-Wheeling Control 1 (FW_CTRL_1) Register (Address = 0x0D) [reset = 0x00]
The free-wheeling control 1 register is shown in B 81 and described in ¥ 34.

Register access type: Read/Write

81. Free-Wheeling Control 1 Register

7 6 5 4 3 2 1 0
HBS_FW HB7_FW HB6_FW HB5_FW HB4_FW HB3_FW HB2_FW HB1 FW
R/W-0b RIW-0b R/W-0b RIW-0b R/W-0b RIW-0b R/W-0b RIW-0b

#k 34. Free-Wheeling Control 1 Register Field Descriptions

Bit Field Type Default Description

7 HB8_FW RIW 0b Ob = Passive free-wheeling on half-bridge 8 is enabled
1b = Active free-wheeling on half-bridge 8 is enabled

6 HB7_FW RW 0b Ob = Passive free-wheeling on half-bridge 7 is enabled
1b = Active free-wheeling on half-bridge 7 is enabled

5 HB6_FW RIW 0b Ob = Passive free-wheeling on half-bridge 6 is enabled
1b = Active free-wheeling on half-bridge 6 is enabled

4 HBS_FW RIW 0b Ob = Passive free-wheeling on half-bridge 5 is enabled
1b = Active free-wheeling on half-bridge 5 is enabled

3 HB4_FW RW 0b Ob = Passive free-wheeling on half-bridge 4 is enabled
1b = Active free-wheeling on half-bridge 4 is enabled

2 HB3_FW RIW 0b Ob = Passive free-wheeling on half-bridge 3 is enabled
1b = Active free-wheeling on half-bridge 3 is enabled

1 HB2_FW RIW 0b Ob = Passive free-wheeling on half-bridge 2 is enabled
1b = Active free-wheeling on half-bridge 2 is enabled

0 HB1_FW RW 0b Ob = Passive free-wheeling on half-bridge 1 is enabled
1b = Active free-wheeling on half-bridge 1 is enabled
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8.6.1.2.8 Free-Wheeling Control 2 (FW_CTRL_2) Register (Address = Ox0E) [reset = 0x00]
The free-wheeling control 2 register is shown in B 82 and described in % 35.

Register access type: Read/Write

82. Free-Wheeling Control 2 Register

7 6 5 4 3 2 1 0
Reserved HB12_FW HB11 FW HB10_FW HB9_FW
R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b
#k 35. Free-Wheeling Control 2 Register Field Descriptions
Bit Field Type Default Description
7-4 Reserved R/W 0000b Reserved
3 HB12_FW RIW 0b Ob = Passive free-wheeling on half-bridge 12 is enabled
1b = Active free-wheeling on half-bridge 12 is enabled
2 HB11_FW RIW 0b Ob = Passive free-wheeling on half-bridge 11 is enabled
1b = Active free-wheeling on half-bridge 11 is enabled
1 HB10_FW RW 0b Ob = Passive free-wheeling on half-bridge 10 is enabled
1b = Active free-wheeling on half-bridge 10 is enabled
0 HB9_FW RIW 0b Ob = Passive free-wheeling on half-bridge 9 is enabled
1b = Active free-wheeling on half-bridge 9 is enabled
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8.6.1.2.9 PWM Map Control 1 (PWM_MAP_CTRL_1) Register (Address = 0x0F) [reset = 0x00]
The PWM Map Control 1 register is shown in B 83 and described in & 36.

Register access type: Read/Write

83. PWM Map Control 1 Register

7 6

5 4

S 2 1

0

HB4_PWM_MAP

HB3_PWM_MAP

HB2_PWM_MAP

HB1 PWM_MAP

R/W-0b R/W-0b

R/W-0b

R/W-

0b

R/W-0b R/W-0b

R/W-0b

R/W-0b

Fz 36. PWM Map Control 1 Register Field Descriptions

Bit Field

Type

Default

Description

7-6 HB4_PWM_MAP

R/W

00b

00b = HB4 mapped to PWM channel 1
01b = HB4 mapped to PWM channel 2
10b = HB4 mapped to PWM channel 3
11b = HB4 mapped to PWM channel 4

5-4 HB3_PWM_MAP

R/IW

00b

00b = HB3 mapped to PWM channel 1
01b = HB3 mapped to PWM channel 2
10b = HB3 mapped to PWM channel 3
11b = HB3 mapped to PWM channel 4

3-2 HB2_PWM_MAP

R/IW

00b

00b = HB2 mapped to PWM channel 1
01b = HB2 mapped to PWM channel 2
10b = HB2 mapped to PWM channel 3
11b = HB2 mapped to PWM channel 4

1-0 HB1_PWM_MAP

R/IW

00b

00b = HB1 mapped to PWM channel 1
01b = HB1 mapped to PWM channel 2
10b = HB1 mapped to PWM channel 3
11b = HB1 mapped to PWM channel 4
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8.6.1.2.10 PWM Map Control 2 (PWM_MAP_CTRL_2) Register (Address = 0x10) [reset = 0x00]
The PWM Map Control 2 register is shown in B 84 and described in & 37.

Register access type: Read/Write

84. PWM Map Control 2 Register

7 6

5 4

S 2 1

0

HB8_PWM_MAP

HB7_PWM_MAP

HB6_PWM_MAP

HB5_PWM_MAP

R/W-0b R/W-0b

R/W-0b

R/W-

0b

R/W-0b R/W-0b

R/W-0b

R/W-0b

Fz 37. PWM Map Control 2 Register Field Descriptions

Bit Field

Type

Default

Description

7-6 HBS_PWM_MAP

R/W

00b

00b = HB8 mapped to PWM channel 1
01b = HB8 mapped to PWM channel 2
10b = HB8 mapped to PWM channel 3
11b = HB8 mapped to PWM channel 4

5-4 HB7_PWM_MAP

R/IW

00b

00b = HB7 mapped to PWM channel 1
01b = HB7 mapped to PWM channel 2
10b = HB7 mapped to PWM channel 3
11b = HB7 mapped to PWM channel 4

3-2 HB6_PWM_MAP

R/IW

00b

00b = HB6 mapped to PWM channel 1
01b = HB6 mapped to PWM channel 2
10b = HB6 mapped to PWM channel 3
11b = HB6 mapped to PWM channel 4

1-0 HB5_PWM_MAP

R/IW

00b

00b = HB5 mapped to PWM channel 1
01b = HB5 mapped to PWM channel 2
10b = HB5 mapped to PWM channel 3
11b = HB5 mapped to PWM channel 4
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8.6.1.2.11 PWM Map Control 3 (PWM_MAP_CTRL_3) Register (Address = 0x11) [reset = 0x00]
The PWM Map Control 3 register is shown in B 85 and described in % 38.

Register access type: Read/Write

85. PWM Map Control 3 Register

7 6

5

4

S 2 1 0

HB12_PWM_MAP

HB11 PWM_MAP

HB10_PWM_MAP HB9_PWM_MAP

R/W-0b R/W-0b

R/W-0b

R/W-0b

R/W-0b R/W-0b R/W-0b R/W-0b

Fz 38. PWM Map Control 3 Register Field Descriptions

Bit Field

Type

Default

Description

7-6 HB12_PWM_MAP

R/W

00b

00b = HB12 mapped to PWM channel 1
01b = HB12 mapped to PWM channel 2
10b = HB12 mapped to PWM channel 3
11b = HB12 mapped to PWM channel 4

5-4 HB11_PWM_MAP

R/IW

00b

00b = HB11 mapped to PWM channel 1
01b = HB11 mapped to PWM channel 2
10b = HB11 mapped to PWM channel 3
11b = HB11 mapped to PWM channel 4

3-2 HB10_PWM_MAP

R/IW

00b

00b = HB10 mapped to PWM channel 1
01b = HB10 mapped to PWM channel 2
10b = HB10 mapped to PWM channel 3
11b = HB10 mapped to PWM channel 4

1-0 HB9_PWM_MAP

R/IW

00b

00b = HB9 mapped to PWM channel 1
01b = HB9 mapped to PWM channel 2
10b = HB9 mapped to PWM channel 3
11b = HB9 mapped to PWM channel 4
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8.6.1.2.12 PWM Frequency Control (PWM_FREQ_CTRL) Register (Address = 0x12) [reset = 0x00]
The PWM Frequency Control register is shown in B 86 and described in & 39.
Register access type: Read/Write

86. PWM Frequency Control Register

7 6 5 4 3 2 1 0
PWM_CH4 FREQ PWM_CH3_FREQ PWM_CH2_FREQ PWM_CH1 _FREQ
R/W-0b RIW-0b R/W-0b RIW-0b R/W-0b RIW-0b R/W-0b RIW-0b

#z 39. PWM Frequency Control Register Field Descriptions

Bit Field Type Default Description

76 PWM_CH4_FREQ RIW 00b 00b = PWM frequency is 80 Hz
01b = PWM frequency is 100 Hz
10b = PWM frequency is 200 Hz
11b = PWM frequency is 2000 Hz
5-4 PWM_CH3_FREQ RW 00b 00b = PWM frequency is 80 Hz
01b = PWM frequency is 100 Hz
10b = PWM frequency is 200 Hz
11b = PWM frequency is 2000 Hz
3-2 PWM_CH2_FREQ RIW 00b 00b = PWM frequency is 80 Hz
01b = PWM frequency is 100 Hz
10b = PWM frequency is 200 Hz
11b = PWM frequency is 2000 Hz
1-0 PWM_CH1_FREQ RW 00b 00b = PWM frequency is 80 Hz
01b = PWM frequency is 100 Hz
10b = PWM frequency is 200 Hz
11b = PWM frequency is 2000 Hz
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8.6.1.2.13 PWM Duty Control Channel 1 (PWM_DUTY_CH1) Register (Address = 0x13) [reset = 0x00]
The channel 1 PWM duty cycle control register is shown in B 87 and described in 3 40.
Register access type: Read/Write

87. PWM Duty Control Channel 1 Register

7 6 5 4 3 2 1 0
PWM_DUTY_CH1
R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b
Fk 40. PWM Duty Control Channel 1 Register Field Descriptions

Bit Field Type Default Description

7-0 | PWM_DUTY_CH1 RIW 00000000b | 40000000b = 0 % PWM Duty
11111111b = 100 % PWM Duty
Calculate duty as decimal (xxxxxxxxb) x 1/255

8.6.1.2.14 PWM Duty Control Channel 2 (PWM_DUTY_CH2) Register (Address = 0x14) [reset = 0x00]
The channel 2 PWM duty cycle control register is shown in B 88 and described in & 41.
Register access type: Read/Write

B 88. PWM Duty Control Channel 2 Register

7 6 5 4 3 2 1 0
PWM_DUTY_CH2
R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b

5z 41. PWM Duty Control Channel 2 Register Field Descriptions

Default
00000000b

Bit Field
7-0 PWM_DUTY_CH2

Type Description

R/W

00000000b = 0 % PWM Duty
11111111b = 100 % PWM Duty
Calculate duty as decimal (xxxxxxxxb) x 1/255
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8.6.1.2.15 PWM Duty Control Channel 3 (PWM_DUTY_CH3) Register (Address = 0x15) [reset = 0x00]
The channel 3 PWM duty cycle control register is shown in B 89 and described in & 42.
Register access type: Read/Write

89. PWM Duty Control Channel 3 Register

7 6 5 4 3 2 1 0
PWM_DUTY_CH3
R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b
Fk 42. PWM Duty Control Channel 3 Register Field Descriptions
Bit Field Type Default Description
7-0 PWM_DUTY_CH3 RIW 00000000b | 50000000b = 0 % PWM Duty
11111111b = 100 % PWM Duty
Calculate duty as decimal (xxxxxxxxb) x 1/255
8.6.1.2.16 PWM Duty Control Channel 4 (PWM_DUTY_CH4) Register (Address = 0x16) [reset = 0x00]
The channel 4 PWM duty cycle control register is shown in B 90 and described in & 43.
Register access type: Read/Write
B 90. PWM Duty Control Channel 4 Register
7 6 5 4 3 2 1 0
PWM_DUTY_CH4
R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b

#k 43. PWM Duty Control Channel 4 Register Field Descriptions

Bit Field Type Default Description

11111111b = 100 % PWM Duty
Calculate duty as decimal (xxxxxxxxb) x 1/255
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8.6.1.2.17 Slew Rate Control 1 (SR_CTRL_1) Register (Address = 0x17) [reset = 0x00]
The slew rate control 1 register is shown in B 91 and described in 3 44.

Register access type: Read/Write

91. Slew Rate Control 1 Register

7 6 5 4 3 2 1 0
HB8_ SR HB7_SR HB6_SR HB5_SR HB4 SR HB3_SR HB2_ SR HB1 SR
R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b

Fk 44. Slew Rate Control 1 Register Field Descriptions
Bit Field Type Default Description
7 HB8_SR RIW 0b Ob = 0.6 Vijis
1b = 2.5 Vips
6 HB7_SR RIW 0b Ob = 0.6 Vs
1b =2.5 V/us
5 HB6_SR RIW 0b Ob = 0.6 Viis
1b =2.5 V/us
4 HB5_SR RIW 0b Ob = 0.6 Vijis
1b = 2.5 Vips
3 HB4_SR RIW 0b Ob = 0.6 Vs
1b =2.5 V/us
2 HB3_SR RIW ob 0b = 0.6 Vijis
1b =2.5 V/us
1 HB2_SR RIW 0b Ob = 0.6 Viis
1b = 2.5 Vips
0 HB1_SR RIW 0b Ob = 0.6 Vs
1b =2.5 V/us
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8.6.1.2.18 Slew Rate Control 2 (SR_CTRL_2) Register (Address = 0x18) [reset = 0x00]

The slew rate control 2 register is shown in B 92 and described in & 45.
Register access type: Read/Write

92. Slew Rate Control 2 Register

7 3 1 0
HB12_ SR HB11 SR HB10_SR HB9_ SR
R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b
Fk 45. Slew Rate Control 2 Register Field Descriptions
Bit Field Type Default Description
7-4 Reserved R/W 0000b Reserved
3 HB12_SR RIW 0b Ob = 0.6 Viis
1b = 2.5 Vips
2 HB11_SR RIW 0b Ob = 0.6 Vs
1b =2.5 Vl/ps
1 HB10_SR RIW 0b Ob = 0.6 Viis
1b =2.5 V/us
0 HB9_SR RIW 0b Ob = 0.6 Viis
1b = 2.5 Vips
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8.6.1.2.19 Open-Load Detect (OLD) Control 1 (OLD_CTRL_1) Register (Address = 0x19) [reset = 0x00]
The open-load detect (OLD) control (OLD_CTRL_1) register-1 is shown in B 93 and described in 3% 46.
Register access type: Read/Write

93. Open-Load Detect (OLD) Control (OLD_CTRL_1) Register

7 6 5 4 3 2 1 0
HB8_OLD_DIS HB7_OLD DIS HB6 OLD DIS HB5 OLD_DIS HB4 OLD_DIS HB3_OLD_DIS HB2_OLD DIS HB1_OLD_DIS
R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b
5% 46. Open-Load Detect (OLD) Control (OLD_CTRL_1) Register Field Descriptions

Bit Field Type Default Description

7 HB8_OLD_DIS RIW 0b Ob = Open-load detection on half-bridge 8 is enabled
1b = Open-load on half-bridge 8 is disabled

6 HB7_OLD_DIS RIW 0b Ob = Open-load detection on half-bridge 7 is enabled
1b = Open-load on half-bridge 7 is disabled

5 HB6_OLD_DIS RIW 0b Ob = Open-load detection on half-bridge 6 is enabled
1b = Open-load on half-bridge 6 is disabled

4 HBS_OLD_DIS RIW 0b Ob = Open-load detection on half-bridge 5 is enabled
1b = Open-load on half-bridge 5 is disabled

3 HB4_OLD_DIS RIW 0b Ob = Open-load detection on half-bridge 4 is enabled
1b = Open-load on half-bridge 4 is disabled

2 HB3_OLD_DIS RIW 0b Ob = Open-load detection on half-bridge 3 is enabled
1b = Open-load on half-bridge 3 is disabled

1 HB2_OLD_DIS RIW 0b Ob = Open-load detection on half-bridge 2 is enabled
1b = Open-load on half-bridge 2 is disabled

0 HB1_OLD_DIS RIW 0b Ob = Open-load detection on half-bridge 1 is enabled
1b = Open-load on half-bridge 1 is disabled
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8.6.1.2.20 Open-Load Detect (OLD) Control 2 (OLD_CTRL_2) Register (Address = 0x1A) [reset = 0x00]
The open-load detect (OLD) control (OLD_CTRL_2) register-2 is shown in B 94 and described in & 47.
Register access type: Read/Write

94. Open-Load Detect (OLD) Control (OLD_CTRL_2) Register

7 6 5 4 3 2 1 0
OLD_REP OLD_OP PL_MODE_EN HBlZ_é)LD_DI HBll_gLD_DI HBlO_é)LD_DI HB9_OLD_DIS
R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b
F% 47. Open-Load Detect (OLD) Control (OLD_CTRL_2) Register Field Descriptions
Bit Field Type Default Description
7 OLD_REP RW 0b Ob = Report on nFAULT pin during OLD condition

1b = No report on nFAULT pin during OLD condition

6 OLD_OP RIW 0b Ob = Half bridges are not active after OLD condition detect
1b = Half bridges are active after OLD condition detect

5-4 PL_MODE_EN W 00b 00b = Parallel mode OCP fast turn-off slew is enabled
01b = Parallel mode OCP slow turn-off slew is enabled
10b = Invalid Setting

11b = Invalid Setting

3 HB12_OLD_DIS RW 0b Ob = Open-load detection on half-bridge 12 is enabled
1b = Open-load on half-bridge 12 is disabled

2 HB11 OLD_DIS RIW 0b Ob = Open-load detection on half-bridge 11 is enabled
1b = Open-load on half-bridge 11 is disabled

1 HB10_OLD_DIS RIW 0b Ob = Open-load detection on half-bridge 10 is enabled
1b = Open-load on half-bridge 10 is disabled

0 HBY_OLD_DIS RW 0b Ob = Open-load detection on half-bridge 9 is enabled
1b = Open-load on half-bridge 9 is disabled

For DRV8912 and DRV8910, the PL_MODE_EN is write only bits and always read "00b".
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8.6.1.2.21 Open-Load Detect (OLD) Control 3 (OLD_CTRL_3) Register (Address = 0x1B) [reset = 0x00]

The open-load detect (OLD) control (OLD_CTRL_3) register-3 is shown in 95 and described in & 48. This
register also contains the bits to set the OCP deglitch time (OCP_DEG).

Register access type: Read/Write

95. Open-Load Detect (OLD) Control (OLD_CTRL_3) Register

7 6 5 4 3 2 1 0
OCP_DEG OLD_NEG_EN HBlZ_kIOLD_E HBll_I’:lOLD_E HBlO_kIOLD_E HB9_LOLD_EN
R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b
Fk 48. Open-Load Detect (OLD) Control (OLD_CTRL_3) Register Field Descriptions
Bit Field Type Default Description
75 | OCP_DEG RW 000b 000b = OCP deglitch time is 10 ps

001b = OCP deglitch time is 5 ps

010b = OCP deglitch time is 2.5us
011b = OCP deglitch time is 1 ps

100b = OCP deglitch time is 60 ps
101b = OCP deglitch time is 40 ps
110b = OCP deglitch time is 30 ps
111b = OCP deglitch time is 20 ps

4 OLD_NEG_EN RIW 0b Ob = Negative-current OLD mode is disabled
1b = Negative-current OLD mode is enabled

3 HB12_LOLD_EN RW 0b Ob = Low-current OLD on half-bridge 12 is disabled
1b = Low-current OLD on half-bridge 12 is enabled

2 HB11_LOLD_EN RIW 0b Ob = Low-current OLD on half-bridge 11 is disabled
1b = Low-current OLD on half-bridge 12 is enabled

1 HB10_LOLD_EN Riw 0b 0b = Low-current OLD on half-bridge 10 is disabled
1b = Low-current OLD on half-bridge 12 is enabled

0 HBY_LOLD_EN RW 0b Ob = Low-current OLD on half-bridge 9 is disabled

1b = Low-current OLD on half-bridge 9 is enabled
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8.6.1.2.22 Open-Load Detect (OLD) Control 4 (OLD_CTRL_4) Register (Address = 0x24) [reset = 0x00]
The open-load detect (OLD) control (OLD_CTRL_4) register-4 is shown in B 96 and described in & 49.
Register access type: Read/Write

96. Open-Load Detect (OLD) Control (OLD_CTRL_4) Register

7 6 5 4 S 2 1 0

HB8_LCOLD_E HB7_LOLD_EN HB6_LOLD_EN HB5_LOLD_EN HB4 LOLD EN HB3_LOLD_EN HB2_LOLD_EN HB1_LOLD_EN
N

R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b
F% 49. Open-Load Detect (OLD) Control (OLD_CTRL_4) Register Field Descriptions
Bit Field Type Default Description

7 HB8_LOLD_EN RW 0b Ob = Low-current OLD on half-bridge 8 is disabled
1b = Low-current OLD on half-bridge 8 is enabled

6 HB7_LOLD_EN RIW 0b Ob = Low-current OLD on half-bridge 7 is disabled
1b = Low-current OLD on half-bridge 7 is enabled

5 HB6_LOLD_EN RW 0b 0b = Low-current OLD on half-bridge 6 is disabled
1b = Low-current OLD on half-bridge 6 is enabled

4 HBS_LOLD_EN RW 0b Ob = Low-current OLD on half-bridge 5 is disabled
1b = Low-current OLD on half-bridge 5 is enabled

3 HB4_LOLD_EN RIW 0b Ob = Low-current OLD on half-bridge 4 is disabled
1b = Low-current OLD on half-bridge 4 is enabled

2 HB3_LOLD_EN RIW 0b 0b = Low-current OLD on half-bridge 3 is disabled
1b = Low-current OLD on half-bridge 3 is enabled

1 HB2_LOLD_EN RW 0b Ob = Low-current OLD on half-bridge 2 is disabled
1b = Low-current OLD on half-bridge 2 is enabled

0 HB1_LOLD_EN RIW 0b Ob = Low-current OLD on half-bridge 1 is disabled
1b = Low-current OLD on half-bridge 1 is enabled
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8.6.2 DRV8908-Q1, DRV8906-Q1 and DRV8904-Q1 Register Maps

£ 50. DRV8908-Q1 Register Map

Name 7 6 5 4 3 2 1 0 Type | Address
IC_STAT Reserved OTSD oTW OLD OoCP UVLO OVP NPOR R 00h
OCP_STAT 1 HB4_HS_OCP | HB4_LS OCP | HB3_HS_OCP | HB3_LS_OCP | HB2_HS_OCP | HB2_LS_OCP | HB1_HS_OCP | HB1_LS_OCP R 01h
OCP_STAT 2 HB8_HS_OCP | HB8_LS OCP | HB7_HS_OCP | HB7_LS_OCP | HB6_HS_OCP | HB6_LS_OCP | HB5_HS_OCP | HB5_LS_OCP R 02h
OCP_STAT_3 Reserved R 03h
OLD_STAT 1 HB4 HS OLD | HB4_LS OLD | HB3_HS_OLD | HB3_ LS OLD | HB2_HS_OLD | HB2_LS_OLD | HB1_HS OLD | HB1_LS_OLD R 04h
OLD_STAT 2 HB8_HS OLD | HB8_LS OLD | HB7_HS_OLD | HB7_LS OLD | HB6_HS_OLD | HB6_LS_OLD | HB5_HS OLD | HB5_LS_OLD R 05h
OLD_STAT_3 Reserved R 06h
CONFIG_CTRL POLD_EN IC_ID OCP_REP OTW_REP EXT_OVP CLR_FLT RW 07h
OP_CTRL_1 HB4_HS_EN HB4_LS_EN HB3_HS_EN HB3_LS_EN HB2_HS_EN HB2_LS_EN HB1_HS_EN HB1_LS_EN RW 08h
OP_CTRL_2 HB8_HS_EN HB8_LS_EN HB7_HS_EN HB7_LS_EN HB6_HS_EN HB6_LS_EN HB5_HS_EN HB5_LS_EN RW 09h
OP_CTRL_3 Reserved RW O0Ah
PWM_CTRL_1 HB8_PWM HB7_PWM HB6_PWM HB5_PWM HB4_PWM HB3_PWM HB2_PWM HB1_PWM RW 0Bh
PWM_CTRL_2 PWM_CH8_DIS | PWM_CH7_DIS | PWM_CH6_DIS | PWM_CH5_DIS | PWM_CH4_DIS | PWM_CH3_DIS | PWM_CH2_DIS | PWM_CH1_DIS | RW 0Ch
FW_CTRL_1 HB8_FW HB7_FW HB6_FW HB5_FW HB4_FW HB3_FW HB2_FW HB1_FW RW 0Dh
FW_CTRL_2 Reserved RW OEh
PWM_MAP_CTRL_1 Reserved HB2_PWM_MAP HB1_PWM_MAP RW OFh
PWM_MAP_CTRL_2® Reserved HB4_PWM_MAP HB3_PWM_MAP RW 10n®
PWM_MAP_CTRL_3 Reserved HB6_PWM_MAP HB5_PWM_MAP RW 11h
PWM_MAP_CTRL_4 Reserved HB8_PWM_MAP HB7_PWM_MAP RW 12h
PWM_FREQ_CTRL _1 PWM_CH4_FREQ PWM_CH3_FREQ PWM_CH2_FREQ PWM_CH1_FREQ RW 13h
PWM_FREQ_CTRL _2 PWM_CH8_FREQ PWM_CH7_FREQ PWM_CH6_FREQ PWM_CH5_FREQ RW 14h
PWM_DUTY_CTRL_1 PWM_DUTY_CH1 RW 15h
PWM_DUTY_CTRL_2 PWM_DUTY_CH2 RW 16h
PWM_DUTY_CTRL_3 PWM_DUTY_CH3 RW 17h
PWM_DUTY_CTRL_4 PWM_DUTY_CH4 RW 18h
PWM_DUTY_CTRL_5 PWM_DUTY_CH5 RW 19h
PWM_DUTY_CTRL_6 PWM_DUTY_CH6 RW 1Ah
PWM_DUTY_CTRL_7 PWM_DUTY_CH7 RW 1Bh
PWM_DUTY_CTRL_8 PWM_DUTY_CH8 RW 1Ch
SR_CTRL_1 HB8_SR HB7_SR HB6_SR HB5_SR HB4_SR HB3_SR HB2_SR HB1_SR RW 1Dh

(1) After this register address, the register functions are similar among DRV8908-Q1, DRV8906-Q1, and DRV8904-Q1. However, DRV8912-Q1 and DRV8910-Q1 have different functions for
these addresses.
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% 50. DRV8908-Q1 Register Map (T ®)

Name 7 6 5 ‘ 4 | 3 2 1 0 Type | Address
SR_CTRL_2 Reserved RW 1Eh
OLD_CTRL_1 HB8_OLD_DIS | HB7_OLD_DIS | HB6_OLD_DIS \ HB5_OLD_DIS | HB4_OLD_DIS \ HB3_OLD_DIS ] HB2_OLD_DIS | HB1 OLD_DIS | RW 1Fh
OLD_CTRL_2 OLD_REP OLD_OP PL_MODE_EN Reserved RW 20h
OLD_CTRL_3 OCP_DEG OLD_NEG_EN Reserved RW 21h
OLD_CTRL_4 HB8_LOLD_EN | HB7_LOLD_EN | HB6_LOLD_EN | HB5 LOLD_EN | HB4 LOLD_EN | HB3_LOLD_EN | HB2_LOLD EN | HB1_LOLD EN | RW 22h
OLD_CTRL_5 HB8_POLD_EN | HB7_POLD_EN | HB6_POLD_EN | HB5_POLD_EN | HB4_POLD_EN | HB3_POLD_EN | HB2_POLD_EN | HB1_POLD_EN | RW 23h
OLD_CTRL_6 HB8_VM_POLD | HB7_VM_POLD | HB6_VM_POLD | HB5_VM_POLD | HB4_VM_POLD | HB3_VM_POLD | HB2_VM_POLD | HB1_VM_POLD | RW 24h
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%% 51. DRV8906-Q1 Register Map

Name 7 6 5 4 3 2 1 0 Type | Address

IC_STAT Reserved oTSD oTW oLD ocp UVLO ovpP NPOR R 00h
OCP_STAT_1 HB4_HS_OCP | HB4_LS_OCP | HB3_HS_OCP | HB3 LS OCP | HB2_HS_OCP | HB2_LS_OCP | HB1_HS OCP | HB1 LS OCP | R 01h
OCP_STAT 2 Reserved HB6_HS_OCP | HB6_LS_OCP | HB5_HS_OCP | HB5 LS OCP | R 02h
OCP_STAT_3 Reserved R 03h
OLD_STAT_1 HB4_HS_OLD | HB4_LS_OLD | HB3 HS_OLD | HB3 LS OLD | HB2_HS_OLD | HB2_LS_OLD | HB1 HS OLD | HBL LS OLD | R 04h
OLD_STAT 2 Reserved HB6_HS_OLD | HB6_LS OLD | HB5 HS OLD | HB5 LS OLD | R 05h
OLD_STAT_3 Reserved R 06h
CONFIG_CTRL POLD_EN IC_ID OCP_REP OTW_REP EXT_OVP CLR_FLT RW 07h
OP_CTRL_1 HB4 HS EN | HB4_ LS_EN | HB3 HS EN | HB3 LS EN | HB2 HS EN | HB2 LS EN | HBLHS EN | HBLLSEN | RW 0sh
OP_CTRL_2 Reserved HB6_HS EN | HB6_LS EN | HB5 HS_EN | HB5LS EN | RW 09h
OP_CTRL_3 Reserved RW 0Ah
PWM_CTRL_1 Reserved HB6_PWM HB5_PWM HB4_PWM HB3_PWM HB2_PWM HB1_PWM RW | 0Bh
PWM_CTRL_2 Reserved PWM_CH6_DIS | PWM_CH5_DIS | PWM_CH4_DIS | PWM_CH3_DIS | PWM_CH2_DIS | PWM_CH1 DIS| RW | och
FW_CTRL_1 Reserved HB6_FW HB5_FW HB4_FW HB3_FW HB2_FW HBL_FW RW | oODh
FW_CTRL_2 Reserved RW OEh
PWM_MAP_CTRL_1 Reserved HB2_PWM_MAP HB1_PWM_MAP RW OFh
PWM_MAP_CTRL_2® Reserved HB4_PWM_MAP HB3_PWM_MAP RW 10n®
PWM_MAP_CTRL_3 Reserved HB6_PWM_MAP HB5_PWM_MAP RW 11h
PWM_MAP_CTRL_4 Reserved RW 12h
PWM_FREQ CTRL _1 PWM_CH4_FREQ PWM_CH3_FREQ PWM_CH2_FREQ PWM_CH1_FREQ RW 13h
PWM_FREQ CTRL 2 Reserved PWM_CH6_FREQ PWM_CH5_FREQ RW 14h
PWM_DUTY_CTRL_1 PWM_DUTY_CH1 RW 15h
PWM_DUTY_CTRL_2 PWM_DUTY_CH2 RW 16h
PWM_DUTY_CTRL_3 PWM_DUTY_CH3 RW 17h
PWM_DUTY_CTRL_4 PWM_DUTY_CH4 RW 18h
PWM_DUTY_CTRL_5 PWM_DUTY_CHS5 RW 19h
PWM_DUTY_CTRL_6 PWM_DUTY_CH6 RW 1Ah
PWM_DUTY_CTRL_7 Reserved RW 1Bh
PWM_DUTY_CTRL_8 Reserved RW | 1ch
SR_CTRL_1 Reserved | HBESR | HB5SR | HB4ASR | HB3SR | HB2SR | HBLSR RW 1Dh
SR_CTRL_2 Reserved RW 1Eh
OLD_CTRL_1 Reserved | HB6_OLD_DIS | HB5_OLD_DIS | HB4_OLD_DIS | HB3_OLD_DIS | HB2_OLD_DIS | HB1 OLD_DIS | RW 1Fh

(1) After this register address, the register functions are similar among DRV8908-Q1, DRV8906-Q1, and DRV8904-Q1. However, DRV8912-Q1 and DRV8910-Q1 have different functions for
these addresses.
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% 51. DRV8906-Q1 Register Map (2T ®)

Name 7 6 5 4 3 2 1 0 Type | Address
OLD_CTRL_2 OLD_REP OLD_OP PL_MODE_EN Reserved RW 20h
OLD_CTRL_3 OCP_DEG OLD_NEG_EN Reserved RW 21h
OLD_CTRL_4 Reserved HB6_LOLD_EN | HB5_LOLD_EN | HB4_LOLD_EN | HB3_LOLD_EN | HB2_LOLD_EN | HB1_LOLD EN | RW 22h
OLD_CTRL_5 Reserved HB6_POLD_EN | HB5_POLD_EN | HB4_POLD_EN | HB3_POLD_EN | HB2_POLD_EN | HB1_POLD_EN | RW 23h
OLD_CTRL_6 Reserved HB6_VM_POLD | HB5_VM_POLD | HB4_VM_POLD | HB3_VM_POLD | HB2_VM_POLD | HB1_VM_POLD | RW 24h
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¥% 52. DRV8904-Q1 Register Map

Name 7 6 5 4 3 2 1 0 Type | Address

IC_STAT Reserved OTSD oTW OLD OCP UVLO OVP NPOR R 00h
OCP_STAT 1 HB4 HS OCP | HB4 LS OCP | HB3_ HS OCP | HB3 LS OCP | HB2_HS OCP | HB2_LS_OCP | HB1 HS OCP | HB1 LS OCP R 01h
OCP_STAT_2 Reserved R 02h
OCP_STAT_3 Reserved R 03h
OLD_STAT 1 HB4 HS OLD | HB4 LS OLD | HB3_HS OLD | HB3 LS OLD | HB2_HS OLD | HB2_ LS OLD | HB1 HS OLD | HB1 LS OLD R 04h
OLD_STAT_ 2 Reserved R 05h
OLD_STAT_3 Reserved R 06h
CONFIG_CTRL POLD_EN IC_ID OCP_REP OTW_REP EXT_OVP CLR_FLT RW 07h
OP_CTRL_1 HB4_HS_EN HB4 LS EN HB3_HS_EN HB3_ LS EN HB2_HS_EN HB2_LS EN HB1_HS EN HB1_LS_EN RW 08h
OP_CTRL_2 Reserved RW 09h
OP_CTRL_3 Reserved RW 0Ah
PWM_CTRL_1 Reserved HB4_PWM HB3_PWM HB2_PWM HB1_PWM RW 0Bh
PWM_CTRL_2 Reserved PWM_CH4 DIS | PWM_CH3_DIS | PWM_CH2_DIS | PWM_CH1 DIS| RW 0Ch
FW_CTRL 1 Reserved HB4_FW HB3_FW HB2_FW HB1_FW RW 0Dh
FW_CTRL_2 Reserved RW OEh
PWM_MAP_CTRL_1 Reserved HB2_PWM_MAP HB1 PWM_MAP RW OFh
PWM_MAP_CTRL_2® Reserved HB4_PWM_MAP HB3_PWM_MAP RW 10n®
PWM_MAP_CTRL_3 Reserved RW 11h
PWM_MAP_CTRL_4 Reserved RW 12h
PWM_FREQ CTRL 1 PWM_CH4 FREQ PWM_CH3 FREQ PWM_CH2_FREQ PWM_CH1 FREQ RW 13h
PWM_FREQ CTRL 2 Reserved RW 14h
PWM_DUTY_CTRL 1 PWM_DUTY_CH1 RW 15h
PWM_DUTY_CTRL 2 PWM_DUTY_CH2 RW 16h
PWM_DUTY_CTRL 3 PWM_DUTY_CH3 RW 17h
PWM_DUTY_CTRL 4 PWM_DUTY_CH4 RW 18h
PWM_DUTY_CTRL 5 Reserved RW 19h
PWM_DUTY_CTRL_6 Reserved RW 1Ah
PWM_DUTY_CTRL 7 Reserved RW 1Bh
PWM_DUTY_CTRL 8 Reserved RW 1Ch
SR_CTRL_1 Reserved | HB4ASR | HB3SR | HB2SR | HBLSR RW 1Dh
SR_CTRL_2 Reserved RW 1Eh
OLD_CTRL_1 Reserved | HB4_OLD_DIS | HB3_OLD_DIS | HB2_OLD_DIS | HB1_OLD_DIS | RW 1Fh

(1) After this register address, the register functions are similar among DRV8908-Q1, DRV8906-Q1, and DRV8904-Q1. However, DRV8912-Q1 and DRV8910-Q1 have different functions for

these addresses.

RN © 2019, Texas Instruments Incorporated

95


http://www.ti.com.cn/product/cn/drv8904-q1?qgpn=drv8904-q1
http://www.ti.com.cn/product/cn/drv8906-q1?qgpn=drv8906-q1
http://www.ti.com.cn/product/cn/drv8908-q1?qgpn=drv8908-q1
http://www.ti.com.cn/product/cn/drv8910-q1?qgpn=drv8910-q1
http://www.ti.com.cn/product/cn/drv8912-q1?qgpn=drv8912-q1
http://www.ti.com.cn

DRV8904-Q1, DRV8906-Q1, DRV8908-Q1
DRV8910-Q1, DRV8912-Q1
ZHCSJB5B —SEPTEMBER 2019-REVISED DECEMBER 2019

I

TEXAS
INSTRUMENTS

www.ti.com.cn

% 52. DRV8904-Q1 Register Map (2T ®)

Name 7 6 5 ‘ 4 3 ‘ 2 1 0 Type | Address
OLD_CTRL_2 OLD_REP OLD_OP PL_MODE_EN Reserved RW 20h
OLD_CTRL_3 OCP_DEG ] OLD_NEG_EN Reserved RW 21h
OLD_CTRL_4 Reserved HB4_LOLD_EN | HB3_LOLD_EN | HB2_LOLD_EN | HB1_LOLD EN | RW 22h
OLD_CTRL_5 Reserved HB4_POLD_EN | HB3_POLD_EN | HB2_POLD_EN | HB1_POLD_EN | RW 23h
OLD_CTRL_6 Reserved HB4_VM_POLD | HB3_VM_POLD | HB2_VM_POLD | HB1_VM_POLD | RW 24h
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8.6.2.1 Status Registers
The status registers are used to report warning and fault conditions. The status registers are read-only registers.

7 53 lists the memory-mapped registers for the status registers. All register offset addresses not listed in & 53
should be considered as reserved locations and the register contents should not be modified.

Fk 53. Status Registers Summary Table

Address Register Name Section
0x00 IC Status Go
0x01 Overcurrent Protection (OCP) Status 1 Go
0x02 Overcurrent Protection (OCP) Status 2 Go
0x03 Overcurrent Protection (OCP) Status 3 Go
0x04 Open-Load Detect (OLD) Status 1 Go
0x05 Open-Load Detect (OLD) Status 2 Go
0x06 Open-Load Detect (OLD) Status 3 Go
8.6.2.1.1 IC Status (IC_STAT) Register (Address = 0x00) [reset = 0x00]
The IC status (IC_STAT) register is shown in B 97 and described in & 54.
Register access type: Read only
97. IC Status Register
7 6 5 4 3 2 1 0
Reserved OTSD oTW OLD OCP UVLO OVP NPOR
R-0b R-0b R-0b R-0b R-0Ob R-0b R-0Ob R-0b
# 54. IC Status Register Field Descriptions
Bit Field Type Default Description
7 Reserved R 0Ob Reserved
6 OTSD R 0b Ob = No overtemperature shutdown is detected
1b = Overcurrent condition is detected
5 oTw R 0b Ob = No overtemperature warning is detected
1b = Overcurrent condition is detected
4 OoLD R 0b Ob = No open-load condition is detected
1b = Open-load condition is detected
3 ocp R 0b Ob = No overcurrent condition is detected
1b = Overcurrent condition is detected
2 UVLO R 0b Ob = No undervoltage lock-out condition is detected
1b = Under-voltage lock-out condition condition is detected
1 ovp R 0b Ob = No overvoltage condition is detected
1b = Overvoltage condition is detected
0 NPOR R 0b Ob = Power-on-reset condition is detected
1b = No power-on-reset condition is detected
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8.6.2.1.2 Overcurrent Protection (OCP) Status 1 (OCP_STAT_1) Register (Address = 0x01) [reset = 0x00]
The overcurrent protection (OCP) status 1 register is shown in B 98 and described in & 55.

Register access type: Read only

98. Overcurrent Protection (OCP) Status 1 Register

7 6 5 4 3 2 1 0
HB4 HS OCP HB4 LS OCP HB3_HS OCP HB3 LS OCP HB2 HS OCP HB2 LS OCP HB1 HS OCP HB1 LS OCP
R-Ob R-0b R-Ob R-0b R-Ob R-0b R-Ob R-0b

#z 55. Overcurrent Protection (OCP) Status 1 Register Field Descriptions
Bit Field Type Default Description

7 HB4_HS_OCP R 0b Ob = No overcurrent detected on high-side switch of half-
bridge 4
1b = Overcurrent detected on high-side switch of half-bridge 4

6 HB4_LS_OCP R Ob Ob = No overcurrent detected on low-side switch of half-
bridge 4

1b = Overcurrent detected on low-side switch of half-bridge 4

5 HB3_HS_OCP R 0b Ob = No overcurrent detected on high-side switch of half-
bridge 3
1b = Overcurrent detected on high-side switch of half-bridge 3

4 HB3_LS_OCP R 0b Ob = No overcurrent detected on low-side switch of half-
bridge 3
1b = Overcurrent detected on low-side switch of half-bridge 3

3 HB2_HS_OCP R 0b Ob = No overcurrent detected on high-side switch of half-
bridge 2
1b = Overcurrent detected on high-side switch of half-bridge 2

2 HB2_LS_OCP R Ob Ob = No overcurrent detected on low-side switch of half-
bridge 2
1b = Overcurrent detected on low-side switch of half-bridge 2

1 HB1_HS_OCP R 0b Ob = No overcurrent detected on high-side switch of half-
bridge 1
1b = Overcurrent detected on high-side switch of half-bridge 1

0 HB1_LS_OCP R Ob Ob = No overcurrent detected on low-side switch of half-
bridge 1

1b = Overcurrent detected on low-side switch of half-bridge 1

98 MR © 2019, Texas Instruments Incorporated


http://www.ti.com.cn/product/cn/drv8904-q1?qgpn=drv8904-q1
http://www.ti.com.cn/product/cn/drv8906-q1?qgpn=drv8906-q1
http://www.ti.com.cn/product/cn/drv8908-q1?qgpn=drv8908-q1
http://www.ti.com.cn/product/cn/drv8910-q1?qgpn=drv8910-q1
http://www.ti.com.cn/product/cn/drv8912-q1?qgpn=drv8912-q1
http://www.ti.com.cn

13 TEXAS

INSTRUMENTS DRV8904-Q1, DRV8906-Q1, DRV8908-Q1
DRV8910-Q1, DRV8912-Q1
www.ti.com.cn ZHCSJB5B —SEPTEMBER 2019—REVISED DECEMBER 2019

8.6.2.1.3 Overcurrent Protection (OCP) Status 2 (OCP_STAT_2) Register (Address = 0x02) [reset = 0x00]
The overcurrent protection (OCP) status 2 register is shown in B 99 and described in & 56.

Register access type: Read only

99. Overcurrent Protection (OCP) Status 2 Register

7 6 5 4 3 2 1 0
HB8_HS_OCP HB8 LS OCP HB7 HS OCP HB7_LS OCP HB6_HS_OCP HB6_LS_OCP HB5_HS_OCP HB5_LS_OCP
R-0b R-0b R-0b R-0b R-0b R-0b R-0b R-0b
#z 56. Overcurrent Protection (OCP) Status 2 Register Field Descriptions

Bit Field Type Default Description
7 HB8_HS_OCP R ob

Ob = No overcurrent detected on high-side switch of half-
bridge 8

1b = Overcurrent detected on high-side switch of half-bridge 8

6 HB8_LS_OCP R Ob Ob = No overcurrent detected on low-side switch of half-

bridge 8
1b = Overcurrent detected on low-side switch of half-bridge 8

5 HB7_HS_OCP R 0b Ob = No overcurrent detected on high-side switch of half-

bridge 7
1b = Overcurrent detected on high-side switch of half-bridge 7

4 HB7_LS_OCP R Ob Ob = No overcurrent detected on low-side switch of half-

bridge 7
1b = Overcurrent detected on low-side switch of half-bridge 7

3 HB6_HS_OCP R 0b Ob = No overcurrent detected on high-side switch of half-

bridge 6
1b = Overcurrent detected on high-side switch of half-bridge 6

2 HB6_LS_OCP R Ob Ob = No overcurrent detected on low-side switch of half-

bridge 6
1b = Overcurrent detected on low-side switch of half-bridge 6

1 HB5_HS_OCP R 0b Ob = No overcurrent detected on high-side switch of half-

bridge 5
1b = Overcurrent detected on high-side switch of half-bridge 5

0 HB5_LS_OCP R Ob Ob = No overcurrent detected on low-side switch of half-

bridge 5
1b = Overcurrent detected on low-side switch of half-bridge 5

8.6.2.1.4 Overcurrent Protection (OCP) Status 3 (OCP_STAT_3) Register (Address = 0x03) [reset = 0x00]
The overcurrent protection (OCP) status 3 register is shown in B 100 and described in B 100.
Register access type: Read only

100. Overcurrent Protection (OCP) Status 3 Register

7 6 5 4 3 2 1 0
Reserved
R-0b R-0b R-0b R-0b R-0b R-0b R-0b R-0b

#z 57. Overcurrent Protection (OCP) Status 3 Register Field Descriptions

Bit Field Type Default Description
7-0 Reserved R 0b Reserved.
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8.6.2.1.5 Open-Load Detect (OLD) Status 1 (OLD_STAT_1) Register (Address = 0x04) [reset = 0x00]
The open-load detect (OLD) status 1 register is shown in B 101 and described in % 58.
Register access type: Read only

101. Open-Load Detect (OLD) Status 1 Register

7 6 5 4 3 2 1 0
HB4 HS OLD HB4_LS OLD HB3_HS OLD HB3 LS OLD HB2 HS OLD HB2_LS OLD HB1_HS OLD HB1 LS OLD
R-0b R-0b R-0b R-0b R-0b R-0b R-0b R-0b
F% 58. Open-Load Detect (OLD) Status 1 Register Field Descriptions

Bit Field Type Default Description

7 HB4_HS_OLD R 0b Ob = No open load detected on high-side switch of half-
bridge 4
1b = Open load detected on high-side switch of half-bridge 4

6 HB4_LS_OLD R 0b Ob = No open load detected on low-side switch of half-
bridge 4
1b = Open load detected on low-side switch of half-bridge 4

5 HB3_HS_OLD R 0b Ob = No open load detected on high-side switch of half-
bridge 3
1b = Open load detected on high-side switch of half-bridge 3

4 HB3_LS_OLD R 0b Ob = No open load detected on low-side switch of half-
bridge 3
1b = Open load detected on low-side switch of half-bridge 3

3 HB2_HS_OLD R 0b Ob = No open load detected on high-side switch of half-
bridge 2
1b = Open load detected on high-side switch of half-bridge 2

2 HB2_LS_OLD R 0b Ob = No open load detected on low-side switch of half-
bridge 2
1b = Open load detected on low-side switch of half-bridge 2

1 HB1_HS_OLD R 0b Ob = No open load detected on high-side switch of half-
bridge 1
1b = Open load detected on high-side switch of half-bridge 1

0 HB1 LS _OLD R 0b Ob = No open load detected on low-side switch of half-
bridge 1

1b = Open load detected on low-side switch of half-bridge 1
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8.6.2.1.6 Open-Load Detect (OLD) Status 2 (OLD_STAT_2) Register (Address = 0x05) [reset = 0x00]
The open-load detect (OLD) status 2 register is shown in B 102 and described in % 509.
Register access type: Read only

102. Open-Load Detect (OLD) Status 2 Register

7 6 5 4 3 2 1 0
HB8_HS_OLD HB8_LS OLD HB7_HS OLD HB7 LS OLD HB6 HS OLD HB6_LS OLD HB5 HS OLD HB5 LS OLD
R-0b R-0b R-0b R-0b R-0b R-0b R-0b R-0b
F% 59. Open-Load Detect (OLD) Status 2 Register Field Descriptions

Bit Field Type Default Description

7 HB8_HS_OLD R 0b Ob = No open load detected on high-side switch of half-
bridge 8
1b = Open load detected on high-side switch of half-bridge 8

6 HB8_LS_OLD R 0b Ob = No open load detected on low-side switch of half-
bridge 8
1b = Open load detected on low-side switch of half-bridge 8

5 HB7_HS_OLD R 0b Ob = No open load detected on high-side switch of half-
bridge 7
1b = Open load detected on high-side switch of half-bridge 7

4 HB7_LS_OLD R 0b Ob = No open load detected on low-side switch of half-
bridge 7
1b = Open load detected on low-side switch of half-bridge 7

3 HB6_HS_OLD R 0b Ob = No open load detected on high-side switch of half-
bridge 6
1b = Open load detected on high-side switch of half-bridge 6

2 HB6_LS_OLD R 0b Ob = No open load detected on low-side switch of half-
bridge 6
1b = Open load detected on low-side switch of half-bridge 6

1 HBS_HS_OLD R 0b Ob = No open load detected on high-side switch of half-
bridge 5
1b = Open load detected on high-side switch of half-bridge 5

0 HB5_LS_OLD R 0b Ob = No open load detected on low-side switch of half-
bridge 5

1b = Open load detected on low-side switch of half-bridge 5

8.6.2.1.7 Open-Load Detect (OLD) Status 3 (OLD_STAT_3) Register (Address = 0x06) [reset = 0x00]
The open-load detect (OLD) status 3 register is shown in B 103 and described in & 60.
Register access type: Read only

103. Open-Load Detect (OLD) Status 3 Register

7 6 5 4 3 2 1 0
Reserved
R-0b R-0b R-0b R-0b R-0b R-0b R-0b R-0b

F% 60. Open-Load Detect (OLD) Status 3 Register Field Descriptions

Bit Field Type Default Description
7-0 Reserved R 0b Reserved.
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8.6.2.2 Control Registers

The control registers are used to configure the device. The control registers are read and write capable.

% 61 lists the memory-mapped registers for the control registers. All register offset addresses not listed in & 61
should be considered as reserved locations and the register contents should not be modified.

# 61. Control Registers Summary Table

Address Register Name Section
0x07 Configuration Register Go
0x08 Operation Control 1 Register Go
0x09 Operation Control 2 Register Go
0x0A Operation Control 3 Register Go
0x0B PWM Control 1 Register Go
0x0C PWM Control 2 Register Go
0x0D Free-Wheeling Control 1 Register Go
OxO0E Free-Wheeling Control 2 Register Go
OxOF PWM Map Control 1 Register Go
0x10 PWM Map Control 2 Register Go
0x11 PWM Map Control 3 Register Go
0x12 PWM Map Control 4 Register Go
0x13 PWM Frequency Control 1 Register Go
0x14 PWM Frequency Control 2 Register Go
0x15 PWM Duty Control Channel 1 Register Go
0x16 PWM Duty Control Channel 2 Register Go
0x17 PWM Duty Control Channel 3 Register Go
0x18 PWM Duty Control Channel 4 Register Go
0x19 PWM Duty Control Channel 5 Register Go
O0x1A PWM Duty Control Channel 6 Register Go
0x1B PWM Duty Control Channel 7 Register Go
0x1C PWM Duty Control Channel 8 Register Go
0x1D Slew Rate Control 1 Register Go
Ox1E Slew Rate Control 2 Register Go
Ox1F Open-Load Detect (OLD) Control 1 Register Go
0x20 Open-Load Detect (OLD) Control 2 Register Go
0x21 Open-Load Detect (OLD) Control 3 Register Go
0x22 Open-Load Detect (OLD) Control 4 Register Go
0x23 Open-Load Detect (OLD) Control 5 Register Go
0x24 Open-Load Detect (OLD) Control 6 Register Go
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8.6.2.2.1 Configuration (CONFIG_CTRL) Register (Address = 0x07) [reset = 0x00]

The configuration register is shown in B 104 and described in & 62.

Register access type: Read/Write

104. Configuration Register

7 5 4 3 2 1 0
POLD_EN IC_ID OCP_REP OTW_REP EXT_OVP CLR_FLT
R/W-0b R-Xb R-Xb R-Xb R/W-0b R/W-0b R/W-0b R/W-0b
#k 62. Configuration Register Field Descriptions

Bit Field Type Default Description

7 POLD_EN RIW 0b Ob = Passive OLD is disabled
1b = Passive OLD is enabled

6-4  |IC_ID R XXXb 000b = Device connected is DRV8912-Q1 (12 Channel Device)
001b = Device connected is DRV8910-Q1 (10 Channel Device)
010b = Device connected is DRV8908-Q1 (8 Channel Device)
011b = Device connected is DRV8906-Q1 (6 Channel Device)
100b = Device connected is DRV8904-Q1 (4 Channel Device)
101b = Reserved
110b = Reserved
111b = Reserved

3 OCP_REP RIW 0b Ob = Overcurrent condition is reported in nNFAULT pin
1b = Overcurrent condition warning is not reported on the
nFAULT pin

2 OTW_REP RIW 0b Ob = Overtemperature warning is not reported in nFAULT
pin
1b = Overtemperature warning is reported on the nFAULT pin

1 EXT_OVP RIW 0b Ob = Overvoltage protection threshold is at 21 V
1b = Overvoltage protection threshold is at 33 V

0 CLR_FLT RIW 0b Ob = Faults not cleared
1b = Clear all faults

F

CLR_FLT bit is an auto-clear bit and will always read '0'.
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8.6.2.2.2 Operation Control 1 (OP_CTRL_1) Register (Address = 0x08) [reset = 0x00]
The operation control 1 register is shown in B 105 and described in & 63.

Register access type: Read/Write

105. Operation Control 1 Register

7 6 5 4 3 2 1 0
HB4 HS EN HB4 LS EN HB3 HS EN HB3 LS EN HB2 HS EN HB2 LS EN HBL HS EN  HBL1 LS EN
R/W-0b RIW-0b R/W-0b RIW-0b R/W-0b RIW-0b R/W-0b RIW-0b

#z 63. Operation Control 1 Register Field Descriptions

Bit Field Type Default Description

7 HB4_HS_EN RIW 0b 0b = Half-bridge 4 high-side switch is disabled
1b = Half-bridge 4 high-side switch is enabled

6 HB4_LS_EN RW 0b Ob = Half-bridge 4 low-side switch is disabled
1b = Half-bridge 4 low-side switch is enabled

5 HB3_HS_EN RIW 0b 0b = Half-bridge 3 high-side switch is disabled
1b = Half-bridge 3 high-side switch is enabled

4 HB3_LS_EN RIW 0b 0b = Half-bridge 3 low-side switch is disabled
1b = Half-bridge 3 low-side switch is enabled

3 HB2_HS_EN RW 0b 0Ob = Half-bridge 2 high-side switch is disabled
1b = Half-bridge 2 high-side switch is enabled

2 HB2_LS_EN RIW 0b Ob = Half-bridge 2 low-side switch is disabled
1b = Half-bridge 2 low-side switch is enabled

1 HB1_HS_EN RIW 0b 0b = Half-bridge 1 high-side switch is disabled
1b = Half-bridge 1 high-side switch is enabled

0 HB1_LS_EN RW 0b Ob = Half-bridge 1 low-side switch is disabled
1b = Half-bridge 1 low-side switch is enabled
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8.6.2.2.3 Operation Control 2 (OP_CTRL_2) Register (Address = 0x09) [reset = 0x00]
The operation control 2 register is shown in B 106 and described in & 64.

Register access type: Read/Write

106. Operation Control 2 Register

7 6 5 4 3 2 1 0
HB8 HS EN HBS LS EN HB7 HS EN HB7 LS EN HB6 HS EN HB6 LS EN HB5 HS EN  HB5 LS EN
R/W-0b RIW-0b R/W-0b RIW-0b R/W-0b RIW-0b R/W-0b RIW-0b

#z 64. Operation Control 2 Register Field Descriptions

Bit Field Type Default Description

7 HB8_HS_EN RIW 0b 0b = Half-bridge 8 high-side switch is disabled
1b = Half-bridge 8 high-side switch is enabled

6 HB8_LS_EN RIW 0b Ob = Half-bridge 8 low-side switch is disabled
1b = Half-bridge 8 low-side switch is enabled

5 HB7_HS_EN RIW 0b 0b = Half-bridge 7 high-side switch is disabled
1b = Half-bridge 7 high-side switch is enabled

4 HB7_LS_EN RIW 0b 0b = Half-bridge 7 low-side switch is disabled
1b = Half-bridge 7 low-side switch is enabled

3 HB6_HS_EN RW 0b Ob = Half-bridge 6 high-side switch is disabled
1b = Half-bridge 6 high-side switch is enabled

2 HB6_LS_EN RIW 0b Ob = Half-bridge 6 low-side switch is disabled

1b = Half-bridge 6 low-side switch is enabled

1 HB5_HS_EN RIW 0b 0b = Half-bridge 5 high-side switch is disabled
1b = Half-bridge 5 high-side switch is enabled

0 HB5_LS_EN RW 0b Ob = Half-bridge 5 low-side switch is disabled
1b = Half-bridge 5 low-side switch is enabled
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8.6.2.2.4 Operation Control 3 (OP_CTRL_3) Register (Address = 0x0A) [reset = 0x00]
The operation control 3 register is shown in B 107 and described in % 65.
Register access type: Read

107. Operation Control 3 Register

7 6 B 4 3 2 1 0
Reserved
R-0b R-0b R-0b R-0b R-0b R-0b R-0b R-0b
#z 65. Operation Control 3 Register Field Descriptions
Bit Field Type Default Description
7-0 Reserved R Ob Reserved.
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8.6.2.2.5 PWM Control 1 (PWM_CTRL_1) Register (Address = 0x0B) [reset = 0x00]
The PWM control 1 register is shown in B 108 and described in 3 66.
Register access type: Read/Write

108. PWM Control 1 Register

7 6 5 4 3 2 1 0
HB8_PWM HB7_PWM HB6_PWM HB5_PWM HB4_PWM HB3_PWM HB2_PWM HB1_PWM
R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b
£k 66. PWM Control 1 Register Field Descriptions

Bit Field Type Default Description

7 HB8_PWM RIW 0b Ob = Half-bridge 8 is operating in continuous mode
1b = Half-bridge 8 is operating in PWM mode

6 HB7_PWM RW 0b Ob = Half-bridge 7 is operating in continuous mode
1b = Half-bridge 7is operating in PWM mode

5 HB6_PWM RIW 0b Ob = Half-bridge 6 is operating in continuous mode
1b = Half-bridge 6 is operating in PWM mode

4 HB5_PWM RIW 0b Ob = Half-bridge 5 is operating in continuous mode
1b = Half-bridge 5 is operating in PWM mode

3 HB4_PWM RW 0b Ob = Half-bridge 4 is operating in continuous mode
1b = Half-bridge 4 is operating in PWM mode

2 HB3_PWM RIW 0b Ob = Half-bridge 3 is operating in continuous mode
1b = Half-bridge 3 is operating in PWM mode

1 HB2_PWM RIW 0b Ob = Half-bridge 2 is operating in continuous mode
1b = Half-bridge 2 is operating in PWM mode

0 HB1_PWM RW 0b Ob = Half-bridge 1 is operating in continuous mode
1b = Half-bridge 1 is operating in PWM mode
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8.6.2.2.6 PWM Control 2 (PWM_CTRL_2) Register (Address = 0x0C) [reset = 0x00]
The PWM control 2 register is shown in B 109 and described in & 67.
Register access type: Read/Write

109. PWM Control 2 Register

7 6 B 4 3 2 1 0
PWM_CH8 DI PWM_CH7_DI PWM_CH6 DI PWM_CH5 DI PWM_CH4 DI PWM_CH3_ DI PWM_CH2 DI PWM_CH1_DI
S S S S S S S S
R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b
Fz 67. PWM Control 2 Register Field Descriptions
Bit Field Type Default Description
7 PWM_CH8_DIS RW 0b Ob = PWM Generator-8 is enabled
1b = PWM Generator-8 is disabled
6 PWM_CH7_DIS Riw 0Ob 0b = PWM Generator-7 is enabled
1b = PWM Generator-7 is disabled
5 PWM_CH6_DIS RW 0b Ob = PWM Generator-6 is enabled
1b = PWM Generator-6 is disabled
4 PWM_CHS_DIS RW 0b Ob = PWM Generator-5 is enabled
1b = PWM Generator-5 is disabled
3 PWM_CH4_DIS Riw 0Ob 0b = PWM Generator-4 is enabled
1b = PWM Generator-4 is disabled
2 PWM_CH3_DIS RIW 0b Ob = PWM Generator-3 is enabled
1b = PWM Generator-3 is disabled
1 PWM_CH2_DIS RW 0b Ob = PWM Generator-2 is enabled
1b = PWM Generator-2 is disabled
0 PWM_CH1_DIS Riw 0Ob 0b = PWM Generator-1 is enabled
1b = PWM Generator-1 is disabled
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8.6.2.2.7 Free-Wheeling Control 1 (FW_CTRL_1) Register (Address = 0x0D) [reset = 0x00]
The free-wheeling control 1 register is shown in B 110 and described in 3% 68.
Register access type: Read/Write

110. Free-Wheeling Control 1 Register

7 6 5 4 3 2 1 0
HBS_FW HB7_FW HB6_FW HB5_FW HB4_FW HB3_FW HB2_FW HB1 FW
R/W-0b RIW-0b R/W-0b RIW-0b R/W-0b RIW-0b R/W-0b RIW-0b

#k 68. Free-Wheeling Control 1 Register Field Descriptions

Bit Field Type Default Description

7 HB8_FW RIW 0b Ob = Passive free-wheeling on half-bridge 8 is enabled
1b = Active free-wheeling on half-bridge 8 is enabled

6 HB7_FW RW 0b Ob = Passive free-wheeling on half-bridge 7 is enabled
1b = Active free-wheeling on half-bridge 7 is enabled

5 HB6_FW RIW 0b Ob = Passive free-wheeling on half-bridge 6 is enabled
1b = Active free-wheeling on half-bridge 6 is enabled

4 HBS_FW RIW 0b Ob = Passive free-wheeling on half-bridge 5 is enabled
1b = Active free-wheeling on half-bridge 5 is enabled

3 HB4_FW RW 0b Ob = Passive free-wheeling on half-bridge 4 is enabled
1b = Active free-wheeling on half-bridge 4 is enabled

2 HB3_FW RIW 0b Ob = Passive free-wheeling on half-bridge 3 is enabled
1b = Active free-wheeling on half-bridge 3 is enabled

1 HB2_FW RIW 0b Ob = Passive free-wheeling on half-bridge 2 is enabled
1b = Active free-wheeling on half-bridge 2 is enabled

0 HB1_FW RW 0b Ob = Passive free-wheeling on half-bridge 1 is enabled
1b = Active free-wheeling on half-bridge 1 is enabled

8.6.2.2.8 Free-Wheeling Control 2 (FW_CTRL_2) Register (Address = Ox0E) [reset = 0x00]
The free-wheeling control 2 register is shown in B 111 and described in % 609.

Register access type: Read/Write

111. Free-Wheeling Control 2 Register

7 6 5 4 3 2 1 0
Reserved
R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b

#k 69. Free-Wheeling Control 2 Register Field Descriptions

Bit Field Type Default Description
7-0 Reserved R/W 0000b Reserved.
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8.6.2.2.9 PWM Map Control 1 (PWM_MAP_CTRL_1) Register (Address = 0x0F) [reset = 0x00]
The PWM Map Control 1 register is shown in B 112 and described in % 70.

Register access type: Read/Write

112. PWM Map Control 1 Register

7 6 4 3 2 1 0
Reserved HB2_PWM_MAP HB1_PWM_MAP
R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b
Fz 70. PWM Map Control 1 Register Field Descriptions
Bit Field Type Default Description
7-6 Reserved R 00b Reserved
3-2 HB2_PWM_MAP RIW 000b 00b = HB2 mapped to PWM channel 1
001b = HB2 mapped to PWM channel 2
010b = HB2 mapped to PWM channel 3
011b = HB2 mapped to PWM channel 4
100b = HB2 mapped to PWM channel 5
101b = HB2 mapped to PWM channel 6
110b = HB mapped to PWM channel 7
111b = HB2 mapped to PWM channel 8
1-0 HB1_PWM_MAP R/W 000b

00b = HB1 mapped to PWM channel 1
001b = HB1 mapped to PWM channel 2
010b = HB1 mapped to PWM channel 3
011b = HB1 mapped to PWM channel 4
100b = HB1 mapped to PWM channel 5
101b = HB1 mapped to PWM channel 6
110b = HB1 mapped to PWM channel 7
111b = HB1 mapped to PWM channel 8
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8.6.2.2.10 PWM Map Control 2 (PWM_MAP_CTRL_2) Register (Address = 0x10) [reset = 0x00]
The PWM frequency map control 2 register is shown in B 113 and described in & 71.

Register access type: Read/Write

113. PWM Map Control 2 Register

00b = HB3 mapped to PWM channel 1
001b = HB3 mapped to PWM channel 2
010b = HB3 mapped to PWM channel 3
011b = HB3 mapped to PWM channel 4
100b = HB3 mapped to PWM channel 5
101b = HB3 mapped to PWM channel 6
110b = HB3 mapped to PWM channel 7
111b = HB3 mapped to PWM channel 8

7 6 4 3 2 1 0
Reserved HB4_PWM_MAP HB3_PWM_MAP
R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b
Fz 71. PWM Map Control 2 Register Field Descriptions
Bit Field Type Default Description
7-6 Reserved R 00b Reserved
3-2 HB4_PWM_MAP RIW 000b 00b = HB4 mapped to PWM channel 1
001b = HB4 mapped to PWM channel 2
010b = HB4 mapped to PWM channel 3
011b = HB4 mapped to PWM channel 4
100b = HB4 mapped to PWM channel 5
101b = HB4 mapped to PWM channel 6
110b = HB4 mapped to PWM channel 7
111b = HB4 mapped to PWM channel 8
1-0 HB3_PWM_MAP R/W 000b

RN © 2019, Texas Instruments Incorporated

111


http://www.ti.com.cn/product/cn/drv8904-q1?qgpn=drv8904-q1
http://www.ti.com.cn/product/cn/drv8906-q1?qgpn=drv8906-q1
http://www.ti.com.cn/product/cn/drv8908-q1?qgpn=drv8908-q1
http://www.ti.com.cn/product/cn/drv8910-q1?qgpn=drv8910-q1
http://www.ti.com.cn/product/cn/drv8912-q1?qgpn=drv8912-q1
http://www.ti.com.cn

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

ZHCSJB5B —SEPTEMBER 2019—REVISED DECEMBER 2019

I

TEXAS
INSTRUMENTS

www.ti.com.cn

8.6.2.2.11 PWM Map Control 3 (PWM_MAP_CTRL_3) Register (Address = 0x11) [reset = 0x00]
The PWM frequency map control 3 register is shown in B 114 and described in & 72.

Register access type: Read/Write

114. PWM Map Control 3 Register

4

S 2 1

Reserved

HB6_PWM_MAP

HB5_PWM_MAP

R/W-0b

R/W-0b

R/W-0b

R/W-0b

R/W-0b R/W-0b R/W-0b

R/W-0b

5% 72. PWM Map Control 3 Register Field Descriptions

Bit

Field

Type

Default

Description

7-6

Reserved

R

00b

Reserved

3-2

HB6_PWM_MAP

R/W

000b

00b = HB6 mapped to PWM channel 1
01b = HB6 mapped to PWM channel 2
10b = HB6 mapped to PWM channel 3
11b = HB6 mapped to PWM channel 4
01b = HB6 mapped to PWM channel 5
10b = HB6 mapped to PWM channel 6
11b = HB6 mapped to PWM channel 7
01b = HB6 mapped to PWM channel 8

1-0

HB5_PWM_MAP

R/W

000b

00b = HB5 mapped to PWM channel 1
01b = HB5 mapped to PWM channel 2
10b = HB5 mapped to PWM channel 3
11b = HB5 mapped to PWM channel 4
01b = HB5 mapped to PWM channel 5
10b = HB5 mapped to PWM channel 6
11b = HB5 mapped to PWM channel 7
01b = HB5 mapped to PWM channel 8
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8.6.2.2.12 PWM Map Control 4 (PWM_MAP_CTRL_4) Register (Address = 0x12) [reset = 0x00]
The PWM frequency map control 4 register is shown in B 115 and described in & 73.

Register access type: Read/Write

115. PWM Map Control 4 Register

00b = HB7 mapped to PWM channel 1
01b = HB7 mapped to PWM channel 2
10b = HB7 mapped to PWM channel 3
11b = HB7 mapped to PWM channel 4
01b = HB7 mapped to PWM channel 5
10b = HB7 mapped to PWM channel 6
11b = HB7 mapped to PWM channel 7
01b = HB7 mapped to PWM channel 8

7 6 5 4 3 2 1 0
Reserved HB8_PWM_MAP HB7_PWM_MAP
R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b
Fz 73. PWM Map Control 4 Register Field Descriptions
Bit Field Type Default Description
7-6 Reserved R 00b Reserved
3-2 HB8_PWM_MAP RIW 000b 00b = HB8 mapped to PWM channel 1
01b = HB8 mapped to PWM channel 2
10b = HB8 mapped to PWM channel 3
11b = HB8 mapped to PWM channel 4
01b = HB8 mapped to PWM channel 5
10b = HB8 mapped to PWM channel 6
11b = HB8 mapped to PWM channel 7
01b = HB8 mapped to PWM channel 8
1-0 HB7_PWM_MAP R/W 000b
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8.6.2.2.13 PWM Frequency Control 1 (PWM_FREQ_CTRL_1) Register (Address = 0x13 [reset = 0x00]
The PWM frequency control register 1 is shown in B 116 and described in % 74.
Register access type: Read/Write

116. PWM Frequency Control 1 Register

7 6 5 4 3 2 1 0
PWM_CH4 FREQ PWM_CH3_FREQ PWM_CH2_FREQ PWM_CH1 _FREQ
R/W-0b RIW-0b R/W-0b RIW-0b R/W-0b RIW-0b R/W-0b RIW-0b

Fk 74. PWM Frequency Control 1 Register Field Descriptions

Bit Field Type Default Description

76 PWM_CH4_FREQ RIW 00b 00b = PWM frequency is 80 Hz
01b = PWM frequency is 100 Hz
10b = PWM frequency is 200 Hz
11b = PWM frequency is 2000 Hz
5-4 PWM_CH3_FREQ RW 00b 00b = PWM frequency is 80 Hz
01b = PWM frequency is 100 Hz
10b = PWM frequency is 200 Hz
11b = PWM frequency is 2000 Hz
3-2 PWM_CH2_FREQ RIW 00b 00b = PWM frequency is 80 Hz
01b = PWM frequency is 100 Hz
10b = PWM frequency is 200 Hz
11b = PWM frequency is 2000 Hz
1-0 PWM_CH1_FREQ RW 00b 00b = PWM frequency is 80 Hz
01b = PWM frequency is 100 Hz
10b = PWM frequency is 200 Hz
11b = PWM frequency is 2000 Hz
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8.6.2.2.14 PWM Frequency Control 2 (PWM_FREQ_CTRL_2) Register (Address = 0x14 [reset = 0x00]

The PWM frequency control register 2 is shown in B 117 and described in % 75.

Register access type: Read/Write

117. PWM Frequency Control 2 Register

7

6

5

4

S 2

1

0

PWM_CHS8_FREQ

PWM_CH7_FREQ

PWM_CH6_FREQ

PWM_CH5_FREQ

R/W-0b

R/W-0b

R/W-0b

R/W-0b

R/W-0b R/W-0b

R/W-0b

R/W-0b

Fk 75. PWM Frequency Control 2 Register Field Descriptions

Bit

Field

Type

Default

Description

7-6

PWM_CH8_FREQ

R/W

00b

00b = PWM frequency is 80 Hz
01b = PWM frequency is 100 Hz
10b = PWM frequency is 200 Hz
11b = PWM frequency is 2000 Hz

5-4

PWM_CH7_FREQ

R/IW

00b

00b = PWM frequency is 80 Hz
01b = PWM frequency is 100 Hz
10b = PWM frequency is 200 Hz
11b = PWM frequency is 2000 Hz

3-2

PWM_CH6_FREQ

R/IW

00b

00b = PWM frequency is 80 Hz
01b = PWM frequency is 100 Hz
10b = PWM frequency is 200 Hz
11b = PWM frequency is 2000 Hz

1-0

PWM_CH5_FREQ

R/IW

00b

00b = PWM frequency is 80 Hz
01b = PWM frequency is 100 Hz
10b = PWM frequency is 200 Hz
11b = PWM frequency is 2000 Hz
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8.6.2.2.15 PWM Duty Control Channel 1 (PWM_DUTY_CH1) Register (Address = 0x15) [reset = 0x00]
The channel 1 PWM duty cycle control register is shown in B 118 and described in & 76.
Register access type: Read/Write

118. PWM Duty Control Channel 1 Register

7 6 5 4 3 2 1 0
PWM_DUTY_CH1
R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b
Fk 76. PWM Duty Control Channel 1 Register Field Descriptions
Bit Field Type Default Description
7-0 PWM_DUTY_CH1 RIW 00000000b | 50000000b = 0 % PWM Duty
11111111b = 100 % PWM Duty
Calculate duty as decimal (xxxxxxxxb) x 1/255
8.6.2.2.16 PWM Duty Control Channel 2 (PWM_DUTY_CH2) Register (Address = 0x16) [reset = 0x00]
The channel 2 PWM duty cycle control register is shown in B 119 and described in & 77.
Register access type: Read/Write
119. PWM Duty Control Channel 2 Register
7 6 5 4 3 2 1 0
PWM_DUTY_CH2
R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b

Fz 77. PWM Duty Control Channel 2 Register Field Descriptions

Bit Field Type Default Description

11111111b = 100 % PWM Duty
Calculate duty as decimal (xxxxxxxxb) x 1/255
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8.6.2.2.17 PWM Duty Control Channel 3 (PWM_DUTY_CH3) Register (Address = 0x17) [reset = 0x00]
The channel 3 PWM duty cycle control register is shown in B 120 and described in & 78.
Register access type: Read/Write

120. PWM Duty Control Channel 3 Register

7 6 5 4 3 2 1 0
PWM_DUTY_CH3
R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b
Fk 78. PWM Duty Control Channel 3 Register Field Descriptions

Bit Field Type Default Description

7-0 | PWM_DUTY_CH3 RIW 00000000b | 40000000b = 0 % PWM Duty
11111111b = 100 % PWM Duty
Calculate duty as decimal (xxxxxxxxb) x 1/255

8.6.2.2.18 PWM Duty Control Channel 4 (PWM_DUTY_CH4) Register (Address = 0x18) [reset = 0x00]
The channel 4 PWM duty cycle control register is shown in B 121 and described in & 79.
Register access type: Read/Write

121. PWM Duty Control Channel 4 Register

7 6 5 4 3 2 1 0
PWM_DUTY_CH4
R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b

5z 79. PWM Duty Control Channel 4 Register Field Descriptions

Default
00000000b

Bit Field
7-0 PWM_DUTY_CH4

Type Description

R/W

00000000b = 0 % PWM Duty
11111111b = 100 % PWM Duty
Calculate duty as decimal (xxxxxxxxb) x 1/255
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8.6.2.2.19 PWM Duty Control Channel 5 (PWM_DUTY_CH5) Register (Address = 0x19) [reset = 0x00]
The channel 5 PWM duty cycle control register is shown in B 122 and described in 3% 80.
Register access type: Read/Write

122. PWM Duty Control Channel 5 Register

7 6 5 4 3 2 1 0
PWM_DUTY_CH5
R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b
#z 80. PWM Duty Control Channel 5 Register Field Descriptions
Bit Field Type Default Description
7-0 PWM_DUTY_CH5 RIW 00000000b | 50000000b = 0 % PWM Duty
11111111b = 100 % PWM Duty
Calculate duty as decimal (xxxxxxxxb) x 1/255
8.6.2.2.20 PWM Duty Control Channel 6 (PWM_DUTY_CHG6) Register (Address = 0x1A) [reset = 0x00]
The channel 6 PWM duty cycle control register is shown in B 123 and described in 3 81.
Register access type: Read/Write
123. PWM Duty Control Channel 6 Register
7 6 5 4 3 2 1 0
PWM_DUTY_CH6
R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b

Fz 81. PWM Duty Control Channel 6 Register Field Descriptions

Bit Field Type Default Description

11111111b = 100 % PWM Duty
Calculate duty as decimal (xxxxxxxxb) x 1/255
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8.6.2.2.21 PWM Duty Control Channel 7 (PWM_DUTY_CH7) Register (Address = 0x1B) [reset = 0x00]
The channel 7 PWM duty cycle control register is shown in B 124 and described in & 82.
Register access type: Read/Write

124. PWM Duty Control Channel 7 Register

7 6 5 4 3 2 1 0
PWM_DUTY_CH7
R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b
#z 82. PWM Duty Control Channel 7 Register Field Descriptions

Bit Field Type Default Description

7-0 | PWM_DUTY_CH7 RIW 00000000b | 40000000b = 0 % PWM Duty
11111111b = 100 % PWM Duty
Calculate duty as decimal (xxxxxxxxb) x 1/255

8.6.2.2.22 PWM Duty Control Channel 8 (PWM_DUTY_CH8) Register (Address = 0x1C) [reset = 0x00]
The channel 8 PWM duty cycle control register is shown in B 125 and described in & 83.
Register access type: Read/Write

125. PWM Duty Control Channel 8 Register

7 6 5 4 3 2 1 0
PWM_DUTY_CH4
R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b

#k 83. PWM Duty Control Channel 8 Register Field Descriptions

Default
00000000b

Bit Field
7-0 PWM_DUTY_CHS8

Type Description

R/W

00000000b = 0 % PWM Duty
11111111b = 100 % PWM Duty
Calculate duty as decimal (xxxxxxxxb) x 1/255
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8.6.2.2.23 Slew Rate Control 1 (SR_CTRL_1) Register (Address = 0x1D [reset = 0x00]

The slew rate control 1 register is shown in B 91 and described in 3 44.

Register access type: Read/Write

126. Slew Rate Control 1 Register

7 5 4 3 2 1 0
HB8_SR HB7_SR HB6_SR HB5_SR HB4_SR HB3_SR HB2_SR HB1_SR
R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b

Fk 84. Slew Rate Control 1 Register Field Descriptions
Bit Field Type Default Description
7 HB8_SR RW Ob Ob = 0.6 Vis
1b = 2.5 Vips
6 HB7_SR RIW ob 0b = 0.6 Vs
1b =2.5 V/us
5 HB6_SR R/W Ob Ob = 0.6 Viis
1b =2.5 V/us
4 HB5_SR RW Ob Ob = 0.6 Vis
1b = 2.5 Vips
3 HB4_SR RIW ob 0b = 0.6 Vs
1b =2.5 V/us
2 HB3_SR R/W Ob Ob = 0.6 Vijis
1b =2.5 V/us
1 HB2_SR RW Ob Ob = 0.6 Vis
1b = 2.5 Vips
0 HB1_SR RIW ob 0b = 0.6 Vs
1b =2.5 V/us
8.6.2.2.24 Slew Rate Control 2 (SR_CTRL_2) Register (Address = 0x1E) [reset = 0x00]
The slew rate control 2 register is shown in B 92 and described in 3 45.
Register access type: Read/Write
127. Slew Rate Control 2 Register
7 5 4
Reserved
R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b
# 85. Slew Rate Control 2 Register Field Descriptions
Bit Field Type Default Description
7-4 Reserved R/W 0000b Reserved
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8.6.2.2.25 Open-Load Detect (OLD) Control 1 (OLD_CTRL_1) Register (Address = 0x1F) [reset = 0x00]
The open-load detect (OLD) control (OLD_CTRL_1) register-1 is shown in B 128 and described in % 86.
Register access type: Read/Write

128. Open-Load Detect (OLD) Control (OLD_CTRL_1) Register

7 6 5 4 3 2 1 0
HB8_OLD_DIS HB7_OLD DIS HB6 OLD DIS HB5 OLD_DIS HB4 OLD_DIS HB3_OLD_DIS HB2_OLD DIS HB1_OLD_DIS
R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b
F% 86. Open-Load Detect (OLD) Control (OLD_CTRL_1) Register Field Descriptions

Bit Field Type Default Description

7 HB8_OLD_DIS RIW 0b Ob = Open-load detection on half-bridge 8 is enabled
1b = Open-load on half-bridge 8 is disabled

6 HB7_OLD_DIS RIW 0b Ob = Open-load detection on half-bridge 7 is enabled
1b = Open-load on half-bridge 7 is disabled

5 HB6_OLD_DIS RIW 0b Ob = Open-load detection on half-bridge 6 is enabled
1b = Open-load on half-bridge 6 is disabled

4 HBS_OLD_DIS RIW 0b Ob = Open-load detection on half-bridge 5 is enabled
1b = Open-load on half-bridge 5 is disabled

3 HB4_OLD_DIS RIW 0b Ob = Open-load detection on half-bridge 4 is enabled
1b = Open-load on half-bridge 4 is disabled

2 HB3_OLD_DIS RIW 0b Ob = Open-load detection on half-bridge 3 is enabled
1b = Open-load on half-bridge 3 is disabled

1 HB2_OLD_DIS RIW 0b Ob = Open-load detection on half-bridge 2 is enabled
1b = Open-load on half-bridge 2 is disabled

0 HB1_OLD_DIS RIW 0b Ob = Open-load detection on half-bridge 1 is enabled
1b = Open-load on half-bridge 1 is disabled
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8.6.2.2.26 Open-Load Detect (OLD) Control 2 (OLD_CTRL_2) Register (Address = 0x20) [reset = 0x00]
The open-load detect (OLD) control (OLD_CTRL_2) register-2 is shown in B 94 and described in & 47.
Register access type: Read/Write

129. Open-Load Detect (OLD) Control (OLD_CTRL_2) Register

7 6 5 4 3 2 1 0
OLD_REP OLD_OP PL_MODE_EN Reserved
R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b
%z 87. Open-Load Detect (OLD) Control (OLD_CTRL_2) Register Field Descriptions
Bit Field Type Default Description
7 OLD_REP RIW 0b Ob = Report on nFAULT pin during OLD condition
1b = No report on nNFAULT pin during OLD condition
6 OoLb_opP RW 0b Ob = Half bridges are not active after OLD condition detect
1b = Half bridges are active after OLD condition detect
5-4 PL_MODE_EN RIW 00b 00b = Parallel mode OCP fast turn-off slew is enabled
01b = Parallel mode OCP slow turn-off slew is enabled
10b = Invalid Setting
11b = Invalid Setting
3-0 Reserved R Ob Reserved
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8.6.2.2.27 Open-Load Detect (OLD) Control 3 (OLD_CTRL_3) Register (Address = 0x21) [reset = 0x00]

The open-load detect (OLD) control (OLD_CTRL_3) register-3 is shown in 95 and described in & 48. This
register also contains the bits to set the OCP deglitch time (OCP_DEG).

Register access type: Read/Write

130. Open-Load Detect (OLD) Control (OLD_CTRL_3) Register

7 6 5 4 3 2 1 0
OCP_DEG OLD_NEG_EN Reserved
R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b
%z 88. Open-Load Detect (OLD) Control (OLD_CTRL_3) Register Field Descriptions

Bit Field Type Default Description

75 OCP_DEG RIW 000b 000b = OCP deglitch time is 10 ps
001b = OCP deglitch time is 5 ps
010b = OCP deglitch time is 2.5us
011b = OCP deglitch time is 1 ps
100b = OCP deglitch time is 60 ps
101b = OCP deglitch time is 40 ps
110b = OCP deglitch time is 30 ps
111b = OCP deglitch time is 20 ps

4 OLD_NEG_EN RIW 0b Ob = Negative-current OLD mode is disabled
1b = Negative-current OLD mode is enabled

3-0 Reserved R/W Ob Reserved
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8.6.2.2.28 Open Load Detect (OLD) Control 4 (OLD_CTRL_4) Register (Address = 0x22) [reset = 0x00]
The open load detect (OLD) control (OLD_CTRL_4) register-4 is shown in B 131 and described in & 89.
Register access type: Read/Write

131. Open Load Detect (OLD) Control (OLD_CTRL_4) Register

7 6 5 4 S 2 1 0

HB8_LCOLD_E HB7_LOLD_EN HB6_LOLD_EN HB5_LOLD_EN HB4 LOLD EN HB3_LOLD_EN HB2_LOLD_EN HB1_LOLD_EN
N

R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b
#z 89. Open Load Detect (OLD) Control (OLD_CTRL_4) Register Field Descriptions
Bit Field Type Default Description

7 HB8_LOLD_EN RW 0b Ob = Low-current OLD on half-bridge 8 is disabled
1b = Low-current OLD on half-bridge 8 is enabled

6 HB7_LOLD_EN RIW 0b Ob = Low-current OLD on half-bridge 7 is disabled
1b = Low-current OLD on half-bridge 7 is enabled

5 HB6_LOLD_EN RW 0b 0b = Low-current OLD on half-bridge 6 is disabled
1b = Low-current OLD on half-bridge 6 is enabled

4 HBS_LOLD_EN RW 0b Ob = Low-current OLD on half-bridge 5 is disabled
1b = Low-current OLD on half-bridge 5 is enabled

3 HB4_LOLD_EN RIW 0b Ob = Low-current OLD on half-bridge 4 is disabled
1b = Low-current OLD on half-bridge 4 is enabled

2 HB3_LOLD_EN RIW 0b 0b = Low-current OLD on half-bridge 3 is disabled
1b = Low-current OLD on half-bridge 3 is enabled

1 HB2_LOLD_EN RW 0b Ob = Low-current OLD on half-bridge 2 is disabled
1b = Low-current OLD on half-bridge 2 is enabled

0 HB1_LOLD_EN RIW 0b Ob = Low-current OLD on half-bridge 1 is disabled
1b = Low-current OLD on half-bridge 1 is enabled
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8.6.2.2.29 Open Load Detect (OLD) Control 5 (OLD_CTRL_5) Register (Address = 0x23) [reset = 0x00]
The open load detect (OLD) (OLD_CTRL_5) register-5 is shown in B 132 and described in & 90.

132. Open Load Detect (OLD) Control (OLD_CTRL_5) Register

7 6 5 4 3 2 1 0
HB8_POLD_E HB7_POLD_E HB6_POLD_E HB5_POLD_E HB4 POLD_E HB3 POLD_E HB2_POLD_E HB1_POLD_E
N N N N N N N N
R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b
F= 90. Open Load Detect (OLD) Control (OLD_CTRL_5) Register Field Descriptions

Bit Field Type Default Description

7 HB8_POLD_EN RW 0b Ob = Passive OLD operation of half-bridge 8 is disabled
1b = Passive OLD operation of half-bridge 8 is enabled

6 HB7_POLD_EN RW 0b Ob = Passive OLD operation of half-bridge 7 is disabled
1b = Passive OLD operation of half-bridge 7 is enabled

5 HB6_POLD_EN RIW 0b Ob = Passive OLD operation of half-bridge 6 is disabled
1b = Passive OLD operation of half-bridge 6 is enabled

4 HBS_POLD_EN RIW 0b Ob = Passive OLD operation of half-bridge 5 is disabled
1b = Passive OLD operation of half-bridge 5 is enabled

3 HB4_POLD_EN RW 0b Ob = Passive OLD operation of half-bridge 4 is disabled
1b = Passive OLD operation of half-bridge 4 is enabled

2 HB3_POLD_EN RIW 0b Ob = Passive OLD operation of half-bridge 3 is disabled
1b = Passive OLD operation of half-bridge 3 is enabled

1 HB2_POLD_EN RIW 0b Ob = Passive OLD operation of half-bridge 2 is disabled
1b = Passive OLD operation of half-bridge 2 is enabled

0 HB1_POLD_EN RW 0b Ob = Passive OLD operation of half-bridge 1 is disabled
1b = Passive OLD operation of half-bridge 1 is enabled
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8.6.2.2.30 Open Load Detect (OLD) Control 6 (OLD_CTRL_6) Register (Address = 0x24) [reset = 0x00]
The open load detect (OLD) (OLD_CTRL_6) register-6 register is shown in B 133 and described in & 91.

133. Open Load Detect (OLD) Control (OLD_CTRL_6) Register

7

6

5

4

3 2 1

0

HBS_VM_POL

D

D

HB7_VM_POL

HB6_VM_POL
D

HB5_VM_POL

D

HB4_VM_POL

HB3_VM_POL HB2_VM_POL
D D D

HB1_VM_POL

D

R/W-0b

R/W-0b

R/W-0b

R/W-0b

R/W-0b R/W-0b R/W-0b

R/W-0b

5% 91. Open Load Detect (OLD) Control (OLD_CTRL_6) Register Field Descriptions

Bit

Field

Type

Default

Description

HBS_VM_POLD

R/IW

Ob

Ob = Passive OLD operation for VM connected
bridge 8 is disabled

1b = Passive OLD operation for VM connected
bridge 8 is enabled

load of half-

load of half-

HB7_VM_POLD

R/IW

Ob

Ob = Passive OLD operation for VM connected
bridge 7 is disabled

1b = Passive OLD operation for VM connected
bridge 7 is enabled

load of half-

load of half-

HB6_VM_POLD

R/W

Ob

Ob = Passive OLD operation for VM connected
bridge 6 is disabled

1b = Passive OLD operation for VM connected
bridge 6 is enabled

load of half-

load of half-

HB5_VM_POLD

R/IW

Ob

Ob = Passive OLD operation for VM connected
bridge 5 is disabled

1b = Passive OLD operation for VM connected
bridge 5 is enabled

load of half-

load of half-

HB4_VM_POLD

R/IW

Ob

Ob = Passive OLD operation for VM connected
bridge 4 is disabled

1b = Passive OLD operation for VM connected
bridge 4 is enabled

load of half-

load of half-

HB3_VM_POLD

R/W

Ob

Ob = Passive OLD operation for VM connected
bridge 3 is disabled

1b = Passive OLD operation for VM connected
bridge 3 is enabled

load of half-

load of half-

HB2__VM_POLD

R/IW

Ob

Ob = Passive OLD operation for VM connected
bridge 2 is disabled

1b = Passive OLD operation for VM connected
bridge 2 is enabled

load of half-

load of half-

HB1_VM_POLD

R/IW

Ob

Ob = Passive OLD operation for VM connected
bridge 1 is disabled

1b = Passive OLD operation for VM connected
bridge 1 is enabled

load of half-

load of half-
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9 Application and Implementation

x

/:

Information in the following applications sections is not part of the TI component
specification, and Tl does not warrant its accuracy or completeness. TI's customers are
responsible for determining suitability of components for their purposes. Customers should
validate and test their design implementation to confirm system functionality.

9.1 Application Information

The DRV89xx-Q1 device is primarily used in control of multiple brushed DC motors in HVAC applications. The
design procedures in the Typical Application section highlight how to use and configure the DRV89xx-Q1 device.

The DRV89xx-Q1 device can alternatively be used in automotive side-mirrors targeting the mirror-fold (by
paralleling the half-bridges to meet the high current requirement), mirror x-y direction control and side indicator
LED's as presented in Alternative Application section.
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9.2 Typical Application

9.2.1 Primary Application

The DRV89xx-Q1 is primarily used for the control of multiple brushed DC motors which can be connected in
independent-type, sequential-type or the parallel-type motor connection as shown in & 134.

An automotive battery powers the device to power supply pin (VM). A 3.3-V regulated power supply is generated
for the supplying power to the digital core (VDD) of the device. A micro-controller is connected to the DRV89XX-
Q1 device with the SPI interface (4-lines) for control, configuration and diagnostics. The device operating or
sleep state is controlled by the nSLEEP pin and nFAULT pins is used as an additional hardware diagnostics.

° <
Vear —L_ bulk I‘J— 0.1 HFIL 0.1 uFI
— — — Independent-Type BDC Sequential-Type BDC Parallel-Type BDC
VIN — VM VM Motor Connection Motor Connection Motor Connection
LT [} (-
Regulator | VOUT VDIZ’)J:|
gl
| L
(33Vor5V) L+ ouTt [ ouT1[ ouTt
bulk | 0.1 pF
= — DRV8912-Q1 OuT2
,J—\ R ouTe out2[ ouT3
L PU1
ouTs ouT4
GP-I[ nFAULT
Microcontroller OUTS[ : ST
OuT4 |
|
GP-I[ Je—— ]spo ouT4 ! OuTe
outs | | ouTs !
ouTs [ | 11 x BDC
GP-O []—b[] nSCS o Motors ouT7
out7 . 6 x BDC ouT? : ouTS8
SPI Motors |
< ol ! ouTs |
GP-O[ ——»[ |SCLK |
ours || OouT9 :
ouriof | ouT10 : ouTe
|
GP-O[ —— »{ |sDI oUTH1 ! OUT10
OUT11
OUT11
GP-O[ }——»[ |nSLEEP
ouT12
ouT12[ ouTi2[
1 o ____

134. Primary Application Schematic (Automotive HVAC Application)
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Typical Application (3ETR)
9.2.1.1 Design Requirements
5= 92 lists example input parameters for the system design.

% 92. Design Parameters

DESIGN PARAMETERS REFERENCE EXAMPLE VALUE
Supply voltage Vvm 13.5-V
Supply digital voltage Vvpb 3.3V
Number of motor connected N 6 motors
Number of motor operating in normal operation Ng 4 motors
Number of motor operating in stall condition Ng 2 motors
Motor RMS current IRmMs 200-mA
Motor peak current IpEAK 800-mA
Motor resistance RyoTor 16.9-Q
Motor inductance LmoTor 10-mH
PWM Frequency fpwm 2-kHz (Internal)
Rise and fall time for continuous mode (SR = 0) triSE_CONT: tFALL_CONT 22.5-us
Rise and fall time for PWM mode (SR = 1) triseE_pwM: tFALL PwM 5.4-us

9.2.1.2 Detailed Design Procedure

The design procedure includes the selection of motor current rating the power dissipation to meet the desired
thermal performance.

9.2.1.2.1 Motor Current Rating

Motor specification selection is the most importance criteria for the design. Each half-bridge (OUTx) of the
DRV89XX-Q1 device is designed to handle RMS current of 1-A and the peak current is limited by the minimum
over-current (OCP) limit of 1.3-A. Therefore, a motor with peak starting current higher than 1.3-A is expected to
hit OCP limit. For higher peak current motors (starting current higher than 1.3-A), following methods can be
implemented:

1. Current Chopping: During starting, if supply voltage is connected directly to the motor, then due to low
back-emf (when speed is zero or low), a huge peak current is demanded by the motor. This peak current is
only limited by the motor's winding resistance (Ryotor)- This peak current of motor can be limited by starting
the motor with low-duty PWM switching operation and then gradually increasing (duty-ramping) the duty with
speed to 100% PWM operation (equivalent to motor operating in continuous mode). This duty-ramping
provides enough time to ramp motor speed and build sufficient back-emf which limits the peak current. The
DRV89XX-Q1 device implements a 2-kHz PWM switching operation which is suitable for the HVAC damper
motors.

2. OCP Deglitch Time Adjustments: This method is applicable if the motor inertia is low and the motor can
quickly pick up the speed. For this method, the motor starting current should settle to lower than minimum
over-current limit (Ilocp) before OCP deglitch time (tocp) is over. The device provides multiple (8 settings)
OCP deglitch time settings with a default deglitch time of 10-us and can be increased to a maximum value of
60-ps.

x
For multiple motor connection, it has to be ensured that the total device current should be
lower than the maximum current-carrying capability of the power-supply (VM/GND) pins
i.e. 6-A (maximum).

9.2.1.2.2 Power Dissipation
A detailed explanation of the power dissipation of the device is presented in Power Dissipation section.
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9.2.2 Alternative Application

The DRV89xx-Q1 can alternatively be used for the mirrors targeting the mirror-fold, mirror x-y direction control
and side indicator LED's as shown in B 135.

The half-bridges are connected in parallel to support the higher current requirement of the mirror fold application.
Whereas, single half-bridges can be used for driving the low-current motors used for the mirror X and Y
positioning. Moreover, the LED's used in side indicators, puddle lamp is lower current which can be easily driven
by single half-bridges.

The driver is powered by the automotive battery with a 3.3-V regulated power supply generated for the supplying
power to the digital pin (VDD). A micro-controller is connected to the DRV89XX-Q1 device with the SPI interface
(4-lines) for control, configuration and diagnostics. The device operating or sleep state is controlled by the
NSLEEP pin and nFAULT pins is used as an additional hardware diagnostics.

o by
il L
Vear — bulk 0.1 uF 0.1 uF
=T DT
VIN = B T lw T |wm
= L L
Regulator VOUT VDD
(3.3Vor5V) t oUTH
bulk [ 0.1 pF[_ ]
= = DRV8912-Q1
Mirror X-Y
£ Reus OUT2|: Drirection
GP-I[ | nFAULT
Microcontroller ouT3 I:
GP-I[ Je—— ]sbo ouT4
ouTs
GP-O[ ——»{ |nsCS ouTé
ouT?
SPI e
GP-O[ }———»[ ]SCLK oUTs
ouTy
GP-O[ J———{ ]sDI oUT10
OUT11
GP-O[ |———»[ | nSLEEP
ouT12
[ 1 1

oo Tow

135. Alternative Application Schematic (Automotive Side-Mirror Application)
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9.2.2.1 Design Requirements

7 93 lists example input parameters for the system design.

% 93. Design Parameters

DESIGN PARAMETERS REFERENCE EXAMPLE VALUE
Supply voltage Vym 13.5-V
Supply digital voltage Vvpbp 3.3V
Motor RMS current (Mirror Fold Motor) IrMs_FoLD 1.8-A
Motor peak current (Mirror Fold Motor) IpEAK_FOLD 3-A
Motor RMS current (X/Y Direction Motor) IrRms_xy 200-mA
Motor peak current (X/Y Direction Motor) IpEAK XY 800-mA
LED Current ILeD 150-mA
PWM Frequency (Motor) fpwm_MoTOR 2-kHz (Internal)
PWM Frequency (LED) fowm_LED 100-Hz (Internal)
Rise and fall time for continuous mode (SR = 0) triSE_CONT: tFALL_CONT 22.5-us
Rise and fall time for PWM mode (SR = 1) triSE_PwM» tFALL_PWM 5.4-us

9.2.2.2 Detailed Design Procedure

The key-requirement for this application is the selection of number of half-bridges to operate in parallel for the
high current motor (mirror-fold) application. Parallel Mode (Continuous Operation) describes the configuration for

half-bridges for enabling the parallel mode operation.

9.2.2.2.1 H-Bridge Requirements for Parallel Operation

The selection of number of half-bridges for connecting in parallel operation to support higher current depends on

two parameters as:

1. Peak / Stall Current: The mirror-fold motor peak current decides the amount of current flowing through a
single half-bridge which has to be lower than the minimum OCP (locp) threshold limit. A current limiting
approach for limiting the peak current of motor can also be implemented as shown in Motor Current Rating
section. This section also explains the application of adjusting the OCP deglitch timing for meeting the

desired peak currents.

2. Thermal: For meeting the desired thermal performance during the peak current / stall condition, the humber
of half-bridges is increased to reduce the effective Rpg(on).

For this example as shown in % 93, six half-bridges can be connected in parallel combination (3 half-bridges for
high-side and 3 half-bridges for low-side) to support the 3-A peak current requirement. The power dissipation for

this can be calculated in similar way as explained in Power Dissipation section.
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9.3 Thermal Application

This section presents the power dissipation and thermal analysis of DRV89XX-Q1 device applicable for different
types of PCB's.

9.3.1 Power Dissipation

The total power dissipation in the DRV89XX-Q1 device constitutes three main components as the power
dissipation in full-bridges (Ppry) due to on-state resistance (Rpg(ony), power dissipation due to switching losses in
FETs (Psw) and power losses due to quiescent current consumption (Pg).

9.3.1.1 Power Dissipation Due to Device On-State Resistance (Rps(on))

The current path for a motor connected in full-bridge is through the high-side FET of one half-bridge and low-side
FET of other half-bridge. The power dissipation of DRV89XX-Q1 depends on the amount of current flowing
through the full-bridge and the number of such full-bridges which are operating together. The power dissipation
(Pes cont) in a single full-bridge configuration for continuous mode depends on the motor rms current (Igys) and
high-side (Rps(on)_ns) and low-side (Rpsion) (s) On-state resistance as shown in N

PFB_CONT = (IRMS)2 X (RDS(ON)_HS + RDS(ON)_LS) 1)
The power dissipation (Peg_stai() in a single full-bridge configuration for motor is a stall condition depends on the
motor peak current (Ipeak) and high-side (Rpson) ns) and low-side (Rpgon) 1s) On-state resistance as shown in
nHK 2.

PFBﬁSTALL = (IPEAK)Z X (RDS(ON)iHS + RDS(ON)fLS) (2
Now, the power dissipation for operating mode and stall mode in single full-bridge for the typical application as
shown in & 92 is calculated in 23X 3 and A3 4 respectively.

Pes_cont = (Irms)® X (Ros(ony_ns + Ros(on_Ls) = (200-mA)® x (0.75-Q + 0.75-Q) = 60-mW (3)

Pes_staw = (Ipear)® X (Ros(ony_ns + Ros(ony_Ls) = (800-mA)? x (0.75-Q + 0.75-Q) = 960-mW (4)
For Ne-full bridges in operating condition and Ns-full bridges in stall condition, the total driver power (Ppgry) iS
expressed and calculated as shown in 243 5.

Porv = Ng X Peg_cont + Ns X Peg_sta = 4 X 60-mW + 2 x 960-mW = 2.16-W (5)

x
This power calculation is highly dependent on the device temperature which significantly
effects the high-side and low-side Rpgony Of the FETs. For more accurate calculation,
consider the dependency of Rpsony of FETs with device temperature.

9.3.1.2 Power Dissipation Due to Switching Losses

The power loss due to the PWM switching frequency depends on the slew rates (rise-time (tgisg pwm) and fall-
time (teaL. pwm)), SUpply voltage (Vyy), motor RMS current (Izys) and the PWM switching frequency (fowm)-
Considering a case, where the PWM switching is only applicable for single half-bridge in a full-bridge
configuration (see Free-Wheeling Mode (Synchronous Rectification) Disable / Enable), therefore only half of the
half-bridges are operating in PWM switching. Hence, the switching losses during rise-time and fall-time is
calculated as shown in A% 6 and 2= 7.

Psw_rise = (Ne/2) X 0.5 X Vyy X |rms X trise_pwm X fowm (6)

Psw _rail = (N&/2) X 0.5 X Vyy X lrms X tear_pwm X fowm (7
Putting various parameters from % 92 in 2% 6 and A= 7, the rise-time (Psw rise) and fall-time (Psw rail)
switching losses are calculated as shown in 2% 8 and A= 9 as, - -

Psw _rise = (N&/2) X 0.5 X Vyy X Irus X trise_pwm X fowm = (4/2) x 0.5 X 13.5-V x 200-mA X 9-us x 2-kHz = 48.6-mW (8)

Psw raiL = (NE/2) X 0.5 X Vym X lrms X trare_pwm X fpwm = (4/2) X 0.5 x 13.5-V x 200-mA x 9-us x 2-kHz = 48.6-mW 9)

Hence, the total switching power (Pgsy) is calculated as the sum of rise-time (Psy risg) Switching losses and fall-
time (Psw raLL) SWitching losses as shown in 23 10.
Psw = Psw _rise + Psw_pauL = 48.6-mW + 48.6-mW = 97.2-mW (20)
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Thermal Application (#TF3R)

=
The rise-time (tg;sg) and the fall-time (tr5 ) are calculated based on typical values of the
slew rate (SR) from Specifications. This parameter is intended to change based on the
supply-voltage, temperature and device to device variation.

9.3.1.3 Power Dissipation Due to Quiescent Current

The power dissipation due to the quiescent current taken by the power supply (Pyy) and the digital supply (Pypp)
depends on the applied voltage (Vyy and Vypp) and operating mode currents (lyy and lypp) and are calculated
as shown in 23 11 and A3 12 respectively.

Puym = Vum X lym (11)

Pvop = Vvob X lvpp (12)
Putting various parameters from & 92 in 243 11 and 23 12, the power-supply (Pym) and digital-supply
(Psw raLL) quiescent power losses are calculated as shown in 4% 13 and A% 14 as,

PVM = VVM X IVM =13.5-V x 3-mA = 40.5-mW (13)

PVDD = VVDD X lVDD = 33‘V X S'mA = 9'mW (14)
The total quiescent power loss (Pg) is calculated as the sum of quiescent power loss due to VM and VDD as
shown in 24X 15 as,

Po = Pum + Pypp = 40.5-mW + 9.9-mW = 50.4-mW (15)

x
The quiescent power is calculated using the typical operating current (ly,y and lypp) which
is dependent on supply-voltage, temperature and device to device variation.

9.3.1.4 Total Power Dissipation

The total power dissipation (Pto7) is calculated as the sum of the power dissipation in full-bridges (Ppgry), power
dissipation due to switching losses in FET's (Psy) and power losses due to quiescent current consumption (Pg)
as shown in 2% 16.

Pror = Pprv + Psw + Pq (16)

Now, by putting values of Ppry, Psw and Pg from 23 5, 43 10 and A 15 in 4 16, the total power
dissipation (P1o7) is calculated as shown in 243 17.

Pror = Ppry * Psw + Pg = 2.16-W + 97.2-mW + 50.4-mW = 2.3076-W 17)

9.3.2 PCB Types

Thermal analysis in this section is focused for the 2-layer and 4-layer PCB with two different copper thickness (1-
oz and 2-0z) and six different copper areas (1-cm?, 2-cm?, 4-cm?, 8-cm?, 16-cm? and 32-cm?).

140 and B 141 shows the top-layer and bottom-layer which is applicable for both 2/4-layer PCB. B 142 and
B 143 shows the mid-layer-1 and mid-layer-2 of a 4-layer PCB. The top-layer, mid-layer-1 and bottom-layer of
the PCB is filled with ground plane, whereas, the mid-layer-2 is filled with power plane.

The thickness of copper for different PCB layers in different PCB types is summarized in & 94. The PCB
dimension (A) for different PCB copper area is summarized in & 95.

5z 94. PCB Type and Copper Thickness

PCB Type Copper Thickness Top Layer Bottom Layer Mid-Layer 1 Mid-Layer 2
2-Layer 1-0z PCB 1-0z 1-0z
N/A
2-0z PCB 2-0z 2-0z
4-Layer 1-0z PCB 1-0z 1-0z 1-0z 1-0z
2-0z PCB 2-0z 2-0z 1-0z 1-0z
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140. PCB - Top Layer (4/2-Layer PCB) 141. PCB - Bottom Layer (4/2-Layer PCB)

142. PCB - Mid Layer-1 (4-Layer PCB) 143. PCB - Mid Layer-2 (4-Layer PCB)
£k 95. PCB Dimension
COPPER AREA (cm?) DIMENSION (A) (mm)
1 cm? 13.31 mm
2 cm? 17.64 mm
4 cm? 23.62 mm
8 cm? 31.98 mm
16 cm? 43.76 mm
32 cm? 60.36 mm
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9.3.3 Thermal Parameters

The variation of thermal parameters such as the Rgyj;a (Junction-to-Ambient Thermal Resistance) and ¥z
(Junction-to-Board Characterization Parameter) is highly dependent on the PCB type, copper thickness and the
copper pad area.

144 and B 145 shows the variation of the Ry;, (Junction-to-Ambient Thermal Resistance) and W5 (Junction-
to-Board Characterization Parameter) with copper-pad area for 2-layer PCB. As shown in these curves, the
thermal resistance is lower for the higher copper thickness PCB and the higher copper pad-area.

Similarly, 146 and 145 shows the variation of the Ry;4 and ¥;g with copper-pad area for 4-layer PCB
respectively.

x

/.

The thermal parameters (Rg;a (Junction-to-Ambient Thermal Resistance) and Y5
(Junction-to-Board Characterization Parameter)) are calculated considering the ambient
temperature of 25°C and with 1.5-W power evenly dissipated between high-side and low-
side FET's. The thermal parameters calculated considering the power dissipation at the
actual location of the power-FETs rather than an averaged estimation.

The thermal parameters are highly dependent on the external conditions such as altitude,
package geometry etc. Refer to Application Report for more details.
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144. 2-Layer PCB Junction-to-Ambient Thermal 145. 2-Layer PCB Junction-to-Board Characterization
Resistance (Rgja) VS Copper Area Parameter (¥;g) vs Copper Area
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9.3.4 Transient Thermal

This section presents the variation of transient thermal parameters such as the Zg;, (Transient Junction-to-
Ambient Thermal Resistance) and Zy;g (Transient Junction-to-Board Characterization Parameter) with time for 4-
layer PCB bhoard with different copper pad area.

148, B 149 and B 150 shows the transient junction-to-ambient thermal resistance (Zy;,) Vs time for 4-Layer
PCB with copper-pad area of 4-cm?, 8-cm? and 16-cm? respectively.

151, @ 152 and B 153 shows the transient junction-to-ambient thermal resistance (Zy;g) vs time for 4-Layer

PCB with copper-pad area of 4-cm?, 8-cm? and 16-cm? respectively.

148. Transient Junction-to-Ambient Thermal Resistance
(Zg3a) vs Time for 4-Layer PCB with Copper-Pad Area of 4-
2
cm
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149. Transient Junction-to-Ambient Thermal Resistance
(Zg3a) vs Time for 4-Layer PCB with Copper-Pad Area of 8-
2
cm
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(Zy3g) Parameter vs Time for 4-Layer PCB with Copper-
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RN © 2019, Texas Instruments Incorporated

137


http://www.ti.com.cn/product/cn/drv8904-q1?qgpn=drv8904-q1
http://www.ti.com.cn/product/cn/drv8906-q1?qgpn=drv8906-q1
http://www.ti.com.cn/product/cn/drv8908-q1?qgpn=drv8908-q1
http://www.ti.com.cn/product/cn/drv8910-q1?qgpn=drv8910-q1
http://www.ti.com.cn/product/cn/drv8912-q1?qgpn=drv8912-q1
http://www.ti.com.cn

13 TEXAS

DRV8904-Q1, DRV8906-Q1, DRV8908-Q1 INSTRUMENTS
DRV8910-Q1, DRV8912-Q1
ZHCSJB5B —SEPTEMBER 2019—REVISED DECEMBER 2019 www.ti.com.cn
10 10
—— 0.5-0z Copper —— 0.5-0z Copper
9 — 1-0z Copper 9 — 1-0z Copper
—— 2-0z Copper —— 2-0z Copper
8 YN 8 TN
/,’ ™~ //’ ™~
s 6 s 6
(&} (&}
< 5 < 5
g g
N 4 N 4
3 3
2 /1 2 /1
1 A 1 A
0 | 0 |
1E-6 1E-5 0.0001 0.01 0.1 12 510 100 1000 1E-6 1E-5 0.0001 0.01 0.1 12 510 100 1000
Time (s) Time (s)
152. Transient Junction-to-Board Characterization 153. Transient Junction-to-Board Characterization
(Zyjg) Parameter vs Time for 4-Layer PCB with Copper- (Zyjg) Parameter vs Time for 4-Layer PCB with Copper-
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9.3.5 Device Junction Temperature Estimation

The device junction temperature (T;) is calculated by the power dissipation and the thermal parameters
(Junction-to-Ambient Thermal Resistance (Ryja)) for the particular PCB. For an ambient temperature of T, and
total power dissipation (Po7), the junction temperature (T;) is calculated as shown in 23 18.

Ty =Ta+ (Pror X Rezn) (18)

Considering a 4-layer PCB, with copper thickness as 2-o0z and copper-pad area as 16-cm?, the junction-to-
ambient thermal resistance (Ry;4) can be taken from & 146 as 22°C/W.

By putting the value of total power dissipation (Pro7) from 23 17 in 23 18 and taking ambient temperature
(T,) as 25°C, the junction temperature is calculated as shown in 23 109.

T, = Ta + (Pror X Rya) = 25°C + (2.3076-W x 22°C/W) = 75.77 °C (19)

Hence, the power dissipation of 2.3076-W in the DRV89XX-Q1 device causes the junction temperature (T;) to
increase to 75.77°C. This junction temperature has a margin of 74.23°C before hitting the thermal shutdown limit.
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10 Power Supply Recommendations

The DRV89xx-Q1 device is designed to operate from an input voltage supply (VM) range from 4.5-V to 32-V. A
0.1-uF ceramic capacitor rated for VM must be placed as close to the device as possible. In addition, a bulk
capacitor must be included on the VM pin but can be shared with the bulk bypass capacitance for the external
power MOSFETS.

10.1 Bulk Capacitance Sizing

Having appropriate local bulk capacitance is an important factor in motor drive system design. It is generally
beneficial to have more bulk capacitance, while the disadvantages are increased cost and physical size. The
amount of local capacitance depends on a variety of factors including:

» The highest current required by the motor system

» The power supply's type, capacitance, and ability to source current

» The amount of parasitic inductance between the power supply and motor system
* The acceptable supply voltage ripple

» Type of motor (brushed DC, brushless DC, stepper)

» The motor startup and braking methods

The inductance between the power supply and motor drive system will limit the rate of change of current from the
power supply. If the local bulk capacitance is too small, the system will respond to excessive current demands or
dumps from the motor with a change in voltage. When adequate bulk capacitance is used, the motor voltage
remains stable and high current can be quickly supplied.

The data sheet provides a recommended minimum value, but system level testing is required to determine the
appropriate sized bulk capacitor.

Parasitic Wire
Inductance

Power Supply Motor Drive System
———————— T

aAA

Motor Driver

GND

>

\

Local IC Bypass
Bulk Capacitor Capacitor

154. Motor Drive Power Supply Parasitic Example
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11 Layout

11.1 Layout Guidelines

Bypass the VM pin to the GND pin using a low-ESR ceramic bypass capacitor with a recommended value of 0.1
uF. Place this capacitor as close to the VM pin as possible with a thick trace or ground plane connected to the
PGND pin. Additionally, bypass the VM pin using a bulk capacitor rated for VM. This component can be
electrolytic. This capacitance must be at least 10 pF.

Bypass the VDD pin to the GND pin with a 0.1-uF low-ESR ceramic capacitor rated for 6.3 V (X5R or X7R).
Place this capacitor as close to the pin as possible and minimize the path from the capacitor to the AGND pin.

11.2 Layout Example

)
{

[

e
I

nFAULT

155. Layout Example

1

N
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12.4 #XHEIR

Tl E2E™ support forums are an engineer's go-to source for fast, verified answers and design help — straight
from the experts. Search existing answers or ask your own question to get the quick design help you need.
Linked content is provided "AS IS" by the respective contributors. They do not constitute Tl specifications and do
not necessarily reflect TI's views; see TI's Terms of Use.

12.5 b

E2E is a trademark of Texas Instruments.

12.6 FFEBHEES

ESD ATAESHERZAE AR . AN S (TI) BEUCE IS 4 1 T 5 e A BE T AT S A B . A SR S L 1 A B B 2 AR | T
A ERTIRERD.

‘m ESD (453N S ERUNOTERERESL , KRG, RS AR RS AT RETE A 5 2 BIIA | X Ry AR A 2 408 e vl
b2 B S R AT RS A AE A .
12.7 Glossary

SLYZ022 — TI Glossary.
This glossary lists and explains terms, acronyms, and definitions.
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PACKAGE OUTLINE

PWP0024N PowerPAD™ TSSOP - 1.2 mm max height
SMALL OUTLINE PACKAGE
6.6
D TYP
PIN 1 INDEX
AREA 22x[0.65]
2 |
J — ——r—
RN —+—=
—
— —
— — 2%
—] —
77— -
NOTE 3 — —
— —
— —
— —
=

SEE DETAIL A

=] |
FH
L

w,/j\\ \

= |
JE——

[
2X 1.25 MAX
NOTE 5
12— 113 2X 0.35 MAX
—] — NOTE 5
—] |
Ll I
— 1
— — GAGE PLANE
4.02 —] 25 —
312 — S~
— = THERMAL f *
PAD 1;
—
w O° _80
— — DETAILA
1] 124 TYPICAL
le 296 |
2.06

.
!—j
|
N
N

j (0.15) TYP
-

0.30
X01

9
(& [01@[c[A[8]

4224477/A 08/2018

NOTES:

PowerPAD is a trademark of Texas Instruments.

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing

per ASME Y14.5M.
2. This drawing is subject to change without notice.

3. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not

exceed 0.15 mm per side.
4. Reference JEDEC registration MO-153.
5. Features may differ or may not be present.

!
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EXAMPLE BOARD LAYOUT

PowerPAD " TSSOP - 1.2 mm max height
SMALL OUTLINE PACKAGE

PWP0024N

METAL COVERED
BY SOLDER MASK

g

SEE DETAILS

z

[
SYMM22X (065) m (0.6) @
= — 1 Ta
7777777 ~ NOTE 9
SOLDER MASK = (1.2)TvP
DEFINED PAD o

(@0.2) TYP
VIA

i

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE: 8X

SOLDER MASK METAL METAL UNDER SOLDER MASK
OPENING\ SOLDER MASK‘\ /  OPENING
‘, ”””””” \
‘
EXPOSED METAL \ " ——EXPOSED METAL
0.05 MAX # 0.05 MIN
ALL AROUND ALL AROUND

NON-SOLDER MASK
DEFINED

SOLDER MASK

DEFINED

SOLDER MASK DETAILS

4224477/A 08/2018

NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.
7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
8. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature
numbers SLMAO002 (www.ti.com/lit/sima002) and SLMA004 (www.ti.com/lit/'sima004).
9. Size of metal pad may vary due to creepage requirement.
10. Vias are optional depending on application, refer to device data sheet. It is recommended that vias under paste be filled, plugged
or tented.
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PWP0024N

EXAMPLE STENCIL DESIGN
PowerPAD " TSSOP - 1.2 mm max height

SMALL OUTLINE PACKAGE

(2.96)

STENCIL

BASED ON METAL COVERED
0.125 THICK /BY SOLDER MASK

(4.02)
BASED ON
0.125 THICK

STENCIL

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL

SCALE: 8X

STENCIL SOLDER STENCIL
THICKNESS OPENING
0.1 3.31 X4.49
0.125 2.96 X 4.02 (SHOWN)
0.15 2.70 X 3.67
0.175 2.50 X 3.40

13

SEE TABLE FOR

DIFFERENT OPENINGS
FOR OTHER STENCIL

THICKNESSES

4224477/A 08/2018

NOTES: (continued)

11. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate

design recommendations.
12. Board assembly site may have different recommendations for stencil design.

f
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13.1 Package Option Addendum

13.1.1 Packaging Information

) @ Package Package f Package @ Lead/Ball @ a . L (5)6)
Orderable Device Status Type Drawing Pins Oty Eco Plan Finish® MSL Peak Temp Op Temp (°C) Device Marking
PDRV8912QPWPRQ1 PREVIEW HTSSOP PWP 24 2000 TBD NIF?I;JAU Level-3-260C-168hrs -40 to 125 P8912
(1) The marketing status values are defined as follows:
ACTIVE: Product device recommended for new designs.
LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.
NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PRE_PROD Unannounced device, not in production, not available for mass market, nor on the web, samples not available.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.
OBSOLETE: TI has discontinued the production of the device.
(2) Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sh/Br) - please check http://www.ti.com/productcontent for the latest
availability information and additional product content details.
TBD: The Pb-Free/Green conversion plan has not been defined.
Pb-Free (RoHS): Tl's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the
requirement that lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, Tl Pb-Free products are suitable for use in specified
lead-free processes.
Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based die adhesive used
between the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.
Green (RoHS & no Sb/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by
weight in homogeneous material)
(3) Lead/Ball Finish - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead/Ball Finish values may wrap to two lines if the
finish value exceeds the maximum column width.
(4) MSL, Peak Temp. -- The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
(5) There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device
(6) Multiple Device markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If a line is indented then it is a
continuation of the previous line and the two combined represent the entire Device Marking for that device.
Important Information and Disclaimer: The information provided on this page represents Tl's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief
on information provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third
parties. Tl has taken and continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on
incoming materials and chemicals. Tl and TI suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for
release.
In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
146 AL © 2019, Texas Instruments Incorporated
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13.1.2 Tape and Reel Information

REEL DIMENSIONS

Reel

Diameter

v

t Reel Width (W1)

TAPE DIMENSIONS
|<— KO [¢—P1—»

g R g R g R g T

© 0 © M)Y
| |
Cavity —>| A0 |<—

A0

Dimension designed to accommodate the component width

BO

Dimension designed to accommodate the component length

KO

Dimension designed to accommodate the component thickness

Overall width of the carrier tape

P1

Pitch between successive cavity centers

QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE

o O O O O O O O 0O Sprocket Holes
|
I
Q11 Q2
B S B _
|
Q3 | Q4 User Direction of Feed
[ .8
I
N
Pocket Quadrants
Package Package Resl Reet A0 BO KO P1 W Pin1
Device A Pins SPQ Diameter Width W1
Type Drawing (mm) (mm) (mm) (mm) (mm) (mm) (mm) Quadrant
PDRV8912QPWPRQ1 HTSSOP PWP 24 2000 330 16.4 6.95 8.3 1.6 8.0 16 Q1
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TAPE AND REEL BOX DIMENSIONS

Device Package Type | Package Drawing | Pins SPQ Length (mm) | Width (mm) Height (mm)
PDRV8912QPWPRQ1 HTSSOP PWP 24 2000 367 367 38
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @ Ball material ®3) (4/5)
(6)

DRV8904QPWPRQ1 ACTIVE HTSSOP PWP 24 2000 RoHS & Green NIPDAU Level-3-260C-168 HR ~ -40 to 125 DRV8904 Samples
DRV8906QPWPRQ1 ACTIVE HTSSOP PWP 24 2000 RoHS & Green NIPDAU Level-3-260C-168 HR ~ -40 to 125 DRV8906 Samples
DRV8908QPWPRQ1 ACTIVE HTSSOP PWP 24 2000 RoHS & Green NIPDAU Level-3-260C-168 HR ~ -40 to 125 DRV8908
DRV8910QPWPRQ1 ACTIVE HTSSOP PWP 24 2000 RoOHS & Green NIPDAU Level-3-260C-168 HR ~ -40 to 125 DRV8910
DRV8912QPWPRQ1 ACTIVE HTSSOP PWP 24 3000 RoHS & Green NIPDAU Level-3-260C-168 HR ~ -40 to 125 DRV8912 Samples

® The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ RoHS: TI defines "RoHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. Tl may
reference these types of products as "Pb-Free".

RoHS Exempt: Tl defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.

Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.

® MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
@ There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

® Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If a line is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.

® Lead finish/Ball material - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two
lines if the finish value exceeds the maximum column width.
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Important Information and Disclaimer: The information provided on this page represents TlI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO [¢—P1—
LR ey R g T
o| |e e Bo W
el |
. Diameter ' '
Cavity —>| AO |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ ]
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O O OO 0O 0O 0 O0 Sprocket Holes
| |
T T
St N Il )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ & A |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
DRV8904QPWPRQ1 [HTSSOP| PWP 24 2000 330.0 16.4 6.95 8.3 1.6 8.0 16.0 Q1
DRV8906QPWPRQ1 [HTSSOP| PWP 24 2000 330.0 16.4 6.95 | 83 1.6 8.0 16.0 Q1
DRV8908QPWPRQ1 [HTSSOP| PWP 24 2000 330.0 16.4 6.95 8.3 1.6 8.0 16.0 Q1
DRV8912QPWPRQ1 [HTSSOP| PWP 24 3000 330.0 16.4 6.95 8.3 1.6 8.0 16.0 Q1
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TAPE AND REEL BOX DIMENSIONS
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)

DRV8904QPWPRQ1 HTSSOP PWP 24 2000 356.0 356.0 35.0
DRV8906QPWPRQ1 HTSSOP PWP 24 2000 356.0 356.0 35.0
DRV8908QPWPRQ1 HTSSOP PWP 24 2000 356.0 356.0 35.0
DRV8912QPWPRQ1 HTSSOP PWP 24 3000 356.0 356.0 35.0

Pack Materials-Page 2



GENERIC PACKAGE VIEW
PWP 24 PowerPAD" TSSOP - 1.2 mm max height

4.4 x 7.6, 0.65 mm pitch PLASTIC SMALL OUTLINE

This image is a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.

4224742/B
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PACKAGE OUTLINE

™ .
PWPO0024N PowerPAD™ TSSOP - 1.2 mm max height
SMALL OUTLINE PACKAGE
6.6
e 22 TYP
6.2
PIN 1 INDEX
/  AREA 22X
[ 24 f
11— —t =1+
— — j
—] —1
—] —1
—] —1 2X
7.9 —] —1
7.7 — —
NOTE3  — —]
— —
— —
— —
12 ::L —_— :i
13 t
B J 45 24X 828
4.3 :
(& |0a@ [c[A[B]
SEE DETAIL A _
[\ \ (0.15) TYP
2X 1.25 MAX
NOTE 5
12— —18 5% 0.35MAX
—] —1 NOTE 5 -
—]
s
—
— — GAGE PLANE 1.2 MAX
4.02 —] 25 —1
312 — — P i
— ———THERMAL —
PAD X’ A—J L L
—1
M o o 0.75 0.15
—] — 0-8 0.50 0.05
— — DETAIL A
10— =124 TYPICAL
. 296 __|
2.06
4224477/A 08/2018
NOTES: PowerPAD is a trademark of Texas Instruments.

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.

. This drawing is subject to change without notice.

. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not
exceed 0.15 mm per side.

. Reference JEDEC registration MO-153.

. Features may differ or may not be present.

(G20 w N

:
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EXAMPLE BOARD LAYOUT
PWPO0024N PowerPAD™ TSSOP - 1.2 mm max height
SMALL OUTLINE PACKAGE
(3.4)
NOTE 9
(2.96)
SQL“M /" BY SoLDER Mask

24X (1.5) —T———‘
p

24X (0.45)

*/,CD
(R0.05) TYP

CD/SEE DETAILS

==

o

SOLDER MASK:
DEFINED PAD

Hé

©@0.2) TYP
VIA

| ‘
| (
22X (0.65 |
i ) 0 % oo 1 |
: b el L1 NOTE 9

(1.2) TYP |
e ey

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE: 8X

OPENING

SOLDER MASK: METAL METAL UNDER SOLDER MASK
‘\ SOLDER MASK\ / OPENING
*H‘* 0.05 MAX ~—j 0.05 MIN

EXPOSED METAL

ALL AROUND

NON-SOLDER MASK
DEFINED

SOLDER MASK DETAILS

ALL AROUND

SOLDER MASK
DEFINED

4224477/A 08/2018

NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.

7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
8. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature

numbers SLMA0O02 (www.ti.com/lit/sima002) and SLMA004 (www.ti.com/lit/sima004).
9. Size of metal pad may vary due to creepage requirement.

10. Vias are optional depending on application, refer to device data sheet. It is recommended that vias under paste be filled, plugged

or tented.
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PWP0O024N

EX

AMPLE STENCIL DESIGN

PowerPAD™ TSSOP - 1.2 mm max height

SMALL OUTLINE PACKAGE

24X (1.5)

N
T

24X (0.45)

(2.96)
BASED ON
0.125 THICK
STENCIL

METAL COVERED
BY SOLDER MASK

(R0.05) TYP

N
N

X

—

o

o)

al i

2

Hﬂﬁﬂﬂ

SYMM

ﬁ

(4.02)
BASED ON

[ 1) o125THICK

STENCIL

Jany
N

13

‘ SEE TABLE FOR

[ DIFFERENT OPENINGS
FOR OTHER STENCIL
THICKNESSES

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL

SCALE: 8X

STENCIL SOLDER STENCIL
THICKNESS OPENING
0.1 3.31 X 4.49

0.125 2.96 X 4.02 (SHOWN)
0.15 2.70 X 3.67
0.175 2.50 X 3.40

NOTES: (continued)

11. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate

design recommendations.

12. Board assembly site may have different recommendations for stencil design.

INSTRUMENTS
www.ti.com
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