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DRV2911-Q1 Full-Bridge PWM Input Piezo Driver for Ultrasonic Lens Cleaning

1 Features absolute maximum capability while maintaining a very

AEC-Q100 qualified for automotive applications
— Temperature grade 1: -40°C < TA < 125°C
— Wettable flank package

2-Channel half bridge driver

— PWNM-inputs for each half bridge control

— Overcurrent protection

— Supports up to 200kHz PWM frequency

5V to 35V operating voltage (40V abs max)
High output current capability: 8A Peak

Low MOSFET on-state resistance

- 95mQ (typ.) RDS(ON) (HS +LS) at Ty = 25°C
Low power sleep mode

- 25HA (max.) at VPVDD =13.5Y, TA =25°C
Supports 1.8V, 3.3V, and 5V logic inputs
Built-in 3.3V, 30mA LDO regulator

Integrated protection features

— Supply undervoltage lockout (UVLO)
Charge pump undervoltage (CPUV)
Overcurrent protection (OCP)

Thermal warning and shutdown (OTW/OTSD)
Fault condition indication pin (FAULTZ)

2 Applications

Automotive Thermal Camera

Camera module without processing
Mirror replacement/camera mirror system
Rear Camera

Surround view system ECU

3 Description

low Rps(on) to reduce switching losses. DRV2911-Q1
integrates a power management LDO (3.3V / 30mA)
and buck converter (5.0V to 5.7V, <200mA) that can
be used to power external circuits like the Ultrasonic
Lens Cleaning (ULC) controller, ULC1001.

Each output driver channel consists of N-channel
power MOSFETs configured in a half-bridge
configuration. Two independent PWM inputs drive
each half-bridge. The DRV2911-Q1 includes a 30mA,
3.3V LDO regulator.

Several protection features including supply
undervoltage lockout (UVLO), charge pump
undervoltage  (CPUV), overcurrent  protection

(OCP), over-temperature warning (OTW), and over-
temperature shutdown (OTSD) are integrated into
DRV2911-Q1 to protect the device and system
against fault events. Fault conditions are indicated by
the FAULTZ pin. The fault pin can also be tied to the
controller device, like ULC1001-Q1, where a fault can
be recognized over 12C.

Device Information
PACKAGE!(" PACKAGE SIZE®)
VQFN (40) 7.00mm x 5.00mm

PART NUMBER
DRV2911-Q1

M
&)

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

The package size (length x width) is a nominal value and
includes pins, where applicable.

DRV2911-Q1 integrates two H-bridges for driving
piezo-based Lens Cover Systems, LCS, up to 40V
. Buck out
- 5.0 or 5.7 V, up to 200mA
LDO out 4.5V to 35V (40 V abs max)
3.3V, up to 30 mA | T
ULC Controller OUTOFF ORI
7 OUT_A[  Filter
Buck Regulator (Optional)

12C (2x)| ADO| SDZ N DU

2 3 3 LDO Regulator 2 | :

33V 2x PWM 9 iw I Piezo |

> i I— |

T 8 7T

uLc FAULTZ G D = |oUT B[ Filter Lens

10MHz Controller it Protedi (Optional) covter
Clock au rotection system
RESETZ
I
Current and Voltage Sense

Simplified Application

An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.
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4 Pin Configuration and Functions

Figure 4-1.
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DRV2911-Q1 40-Pin VQFN With Thermal Pad Down Top View

Table 4-1. Pin Functions

PIN
TYPE(™ DESCRIPTION
NAME NO.

NC 1.19, 220 38, 39, NC No connection, open.

AGND 2, 26, 31, 36 GND Device analog ground. Refer to Section 9.1 for connecting recommendations.

FB_BK 3 PWRI Feedback for buck regulator. Connect to buck regulator output after the inductor/resistor.

GND_BK 4 GND Buck regulator ground. Refer to Section 9.1 for connection recommendations.

SW_BK 5 PWR O  |Buck switch node. Connect this pin to an inductor or resistor.

CPL 6 PWR Charge pump switching node. Connect a X5R or X7R, 47-nF, ceramic capacitor between
the CPH and CPL pins. Tl recommends a capacitor voltage rating at least twice the

CPH 7 PWR normal operating voltage of the device.

CP 8 PWR O Charge pump ou_tput. Connect a X5R or X7R, 1-yF, 16-V ceramic capacitor between the
CP and PVDD pins.
Power supply. Connect to supply voltage; bypass to PGND with two 0.1-pF capacitors (for

PVDD 9,10, 11 PWR | each pin) plus one bulk capacitor rated for PVDD. Tl recommends a capacitor voltage
rating at least twice the normal operating voltage of the device.

PGND 12,15, 18 GND Device power ground. Refer to Section 9.1 for connections recommendation.

OUTA 13,14 PWR O |Half bridge output A.

ouTB 16, 17 PWR O |Half bridge output B.

OUTOFF 21 | When this pin is logic high the four MOSFETs in the power stage are turned OFF making
all outputs Hi-Z.
Fault indicator. Pulled logic-low with fault condition; Open-drain output requires an

FAULTZ 22 O external pull-up resistor to AVDD or an external source. Ensure that FAULTZ is pulled
> 2.2V on power up.

RESETZ 23 Driver RESETZ. When this pin is logic low, the device goes into a low-power sleep mode.
A 20 to 40-ps low pulse can be used to reset fault conditions without entering sleep mode.
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Table 4-1. Pin Functions (continued)

PIN

TYPE(") DESCRIPTION
NAME NO.
VSEL_BK 24 Buc_k output voltage setting. This pin is a 2-level input pin set by an external resistor. Refer
to Figure 6-2.
2528 30 3.3-V internal regulator output. Connect an X5R or X7R, 1-pF, 6.3-V ceramic capacitor
AVDD ’ 32' ’ PWR O |between the AVDD (near pin 25) and AGND pins. This regulator can source up to 30 mA
externally.
PWMA 27 | PWM input for half-bridge A control.
PWMB 29 | PWM input for half-bridge B control.
RBIAS 33 | Tie 47 kQ resistor to AVDD.
Slew rate control setting. This pin is a 4-level input pin set by an external resistor. Refer to
SLEW 34 | .
Figure 6-2.
OCP 35 | OCP level control setting. Refer to Figure 6-2.
VREF 37 PWR Fg)icr)]rsmect a X5R or X7R, 0.1-uF, 6.3-V ceramic capacitor between the VREF and AGND
Thermal pad GND Must be connected to analog ground.

M

| = input, O = output, GND = ground pin, PWR = power, NC = no connect
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5 Specifications

5.1 Absolute Maximum Ratings
over operating ambient temperature range (unless otherwise noted)(")

MIN MAX| UNIT
Power supply pin voltage (PVDD) -0.3 40 \Y
Power supply voltage ramp (PVDD) 4| Vlus
Voltage difference between ground pins (GND_BK, PGND, AGND) -0.3 0.3 Vv
Charge pump voltage (CPH, CP) -0.3 Vpyppt 6 \Y
Charge pump negative switching pin voltage (CPL) -0.3 Vpypp+0.3 \Y
Switching regulator pin voltage (FB_BK) -0.3 6 Vv
Switching node pin voltage (SW_BK) -0.3 Vpypp+0.3 Vv
Analog regulator pin voltage (AVDD) -0.3 4 \Y
Logic pin input voltage (OUTOFF, PWMx, RESETZ) -0.3 5.75 \Y
Logic pin output voltage (FAULTZ) -0.3 5.75 \Y
Output pin voltage (OUTA, OUTB) -1 Vpvppt 1 Vv
Ambient temperature, Tp -40 125 °C
Junction temperature, T -40 150 °C
Storage temperature, T -65 150 °C

(1)  Operation outside the Absolute Maximum Ratings may cause permanent device damage. Absolute Maximum Ratings do not imply
functional operation of the device at these or any other conditions beyond those listed under Recommended Operating Conditions.
If used outside the Recommended Operating Conditions but within the Absolute Maximum Ratings, the device may not be fully
functional, and this may affect device reliability, functionality, performance, and shorten the device lifetime.

5.2 ESD Ratings Auto

VALUE UNIT
Humansbo%/ moi_el (HBM), per2AEC Q100-002(") +2000
Vieso, Eilse;:raorz,[:tic HBM ESD |.aSSI ication Level _ . — v
Charged device model (CDM), per AEC Q100-011 orner pins *
CDM ESD Classification Level C4B Other pins +750
(1) AEC Q100-002 indicates that HBM stressing shall be in accordance with the ANSI/ESDA/JEDEC JS-001 specification.
5.3 Recommended Operating Conditions
over operating ambient temperature range (unless otherwise noted)
MIN NOM MAX| UNIT
VpvbD Power supply voltage VpevbD 4.5 24 35 \%
fowm Output PWM frequency OUTA, OUTB 200 kHz
lour M Peak output current OUTA, OUTB 8 A
VN Logic input voltage OUTOFF, PWMx, RESETZ -0.1 5.5 \Y
Vob Open drain pullup voltage FAULTZ -0.1 5.5 \Y
lop Open drain output current FAULTZ 5 mA
VVREF Voltage reference pin voltage VREF 2.8 AVDD V
Ta Operating ambient temperature —40 125 °C
T, Operating Junction temperature —40 150 °C

(1) Power dissipation and thermal limits must be observed
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5.4 Thermal Information
DRV2911-Q1
THERMAL METRIC(") VQFN (RGF) UNIT
40 Pins
Raua Junction-to-ambient thermal resistance 25.7 °C/W
ReJcitop) Junction-to-case (top) thermal resistance 15.2 °C/W
Ress Junction-to-board thermal resistance 7.3 °C/W
Wyr Junction-to-top characterization parameter 0.2 °C/W
Y Junction-to-board characterization parameter 7.2 °C/W
Rauc(bot) Junction-to-case (bottom) thermal resistance 2.0 °C/W

™M

5.5 Electrical Characteristics

T, =-40°C to +150°C, Vpypp = 4.5 to 35 V (unless otherwise noted). Typical limits appl

For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report.

for TA = 25°C, VPVDD =24V

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX| UNIT
POWER SUPPLIES
Vv >6V,RESETZ=0,Tpo=25°C 1.5 2.5 A
IpvbDQ PVDD sleep mode current PVDD A "
RESETZ =0 25 5/ pA
Vpypp > 6V, RESETZ = 1, PWMx = 0,
- — oE o 5 6| mA
lpvbDDS PVDD standby mode current lgk=0,Ta=25°C
RESETZ =1, PWMx =0, Igx = 0 6 10| mA
VF’VDD >6 V, RESETZ = 1, fPWM =25
kHz, Ta = 25 °C " 3] mA
V >6V,RESETZ =1, f =200
lpvDD PVDD operating mode current klf’l\éD?rA =925°C PWM 19 22| mA
RESETZ =1, fpyym = 25 kHz 12 17| mA
RESETZ =1, fpyym = 200 kHz 18 30| mA
VavbD Analog regulator voltage 0 mA < laypp £ 30 mA 3.1 3.3 3.465| V
lavbD External analog regulator load 30| mA
Vvep Charge pump regulator voltage VCP with respect to PVDD 3.6 4.7 5.25 \%
. Vpevop > VUVLOv RESETZ =1to outputs
twake Wakeup time ready and FAULTZ released 1 ms
tsLeep Sleep Pulse time RESETZ = 0 period to enter sleep mode 120 us
trsT Reset Pulse time RESETZ = 0 period to reset faults 20 40| s
BUCK REGULATOR
VPVDD >6V,0mA=< IBK <200
mA, VSEL_BK pin to Hi-Z 4.6 50 541V
V. Buck regulator average voltage xps\g? Eﬁ]i;/’ti%gqg ,SA\I/BDKDS 200 mA, 5.2 57 58| V
BK (Lek = 47 uH, Cex = 22 F) —P
Vevpp—
Vpvpp < 6.0V, 0 mA < Igk < 200 mA Isk*(Rugk* \%
2)M
Vpypp > 6V, 0 mA < Igx = 50
mA, VSEL_BK pin to Hi-Z 46 5.0 54V
v Buck regulator average voltage xPSVEDLD Eﬁjix’tioecrjntpc\) i\I/BDKDS S0 mA, 5.2 5.7 58| V
BK (Lek = 22 H, Cey = 22 pF) —P
Vevpp—
VF’VDD <6.0 V, OmA < IBK <50 mA IBK*(RLBK+ \Y
2)(M
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T, =-40°C to +150°C, Vpypp = 4.5 to 35 V (unless otherwise noted). Typical limits apply for Ta = 25°C, Vpypp = 24 V

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Vpypp > 6V, 0 mA < Igx =40
mA, VSEL_BK pin to Hi-Z 4.6 5.0 54V
v Buck regulator average voltage xPSVEDLD Eﬁji;/’tioe(rjnté) SA\I/BDK; 40 mA, 5.2 5.7 58| V
B (Rex = 22 Q, Cg = 22 F) L
Vevpp—
Vpeypp <6.0V,0mA < Igx <40 mA IBK*(RBK+2 \Y
)
VF’VDD >6 V, OmA < IBK <200 mA, Buck
regulator with inductor, Lgk = 47 uH, Cpggk -100 100| mVv
=22 yF
VPVDD >6V,0mA=< IBK < 50 mA, Buck
VBK_RIP Buck regulator ripple voltage regulator with inductor, Lgk = 22 uH, Cpggk -100 100| mVv
=22 yF
VPVDD >6V,0mA=< IBK < 50 mA, Buck
regulator with resistor; Rgk = 22 Q, Cgk -100 100 mV
=22 yF
LBK= 47 UH, CBK =22 UF 200 - mA
IavoD
_ _ 50 —
Igk External buck regulator load Lgk = 22 uH, Cgx = 22 uF | mA
AVDD
_ _ 40 -
Rpk = 22 Q, CBK =22 uF mA
lavpD
¢ Buck at itching Regulation Mode 20 535| kHz
uck regulator switching frequenc
SW.BK 9 g frequency Linear Mode 20 535| kHz
Vg rising, VSEL_BK pin to Hi-Z 2.7 2.8 29| V
Vg falling, VSEL_BK pin to Hi-Z 2.5 2.6 27V
Vek uv Buck regulator undervoltage lockout
- Vg rising, VSEL_BK pin tied to AVDD 4.2 4.4 455 V
Vg falling, VSEL_BK pin tied to AVDD 4.0 4.2 435 V
Buck regulator undervoltage lockout . .
VBK_UV_HYS hysteresis Rising to falling threshold 90 200 320 mVv
IBk_cL Buck regulator Current limit threshold 360 600 900, mA
Buck regulator Overcurrent protection
lex_ocp trip point 2 3 4 A
tsk_RETRY Overcurrent protection retry time 0.7 1 1.3] ms
LOGIC-LEVEL INPUTS (OUTOFF, PWMx, RESETZ)
Vi Input logic low voltage 0 0.6 \%
v Inout logic hiah volt Other Pins 1.5 55/ V
nput logic high voltage
" prtiogic hig 9 RESETZ 16 55 V
v Inbut logic hvst ) Other Pins 180 300 420 mV
nput logic hysteresis
s putiogiety RESETZ 95 250 420 mv
I Input logic low current Vp)\ (Pin Voltage) =0 V -1 1] MA
o RESETZ, Vp|\ (Pin Voltage) =5 V 10 30| pA
Iy Input logic high current - -
Other pins, Vp)\ (Pin Voltage) =5V 30 75| pA
RESETZ 150 200 300 kQ
Rpp Input pulldown resistance
Other pins 70 100 130| kQ
Cp Input capacitance 30 pF
FOUR-LEVEL INPUTS (SLEW)
V4 Input mode 1 voltage (25V/ys) Tied to AGND 0 0.2 AVB \Y
Vio Input mode 2 voltage (50V/us) Hi-Z 027 Sg 0.5*AVDD 0.545 gg \%

Copyright © 2024 Texas Instruments Incorporated

Product Folder Links: DRV2911-Q1

Submit Document Feedback

7


https://www.ti.com
https://www.ti.com/product/DRV2911-Q1
https://www.ti.com/lit/pdf/SLVSHE3
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLVSHE3&partnum=DRV2911-Q1
https://www.ti.com/product/drv2911-q1?qgpn=drv2911-q1

DRV2911-Q1
SLVSHE3 — JUN

E 2024

13 TEXAS
INSTRUMENTS

www.ti.com

T, =-40°C to +150°C, Vpypp = 4.5 to 35 V (unless otherwise noted). Typical limits apply for Ta = 25°C, Vpypp = 24 V

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Vi3 Input mode 3 voltage (125V/ps) 47 kQ +/- 5% tied to AVDD 0.606 S‘g 0.757 AVg 0.909 S‘g \Y
Vig Input mode 4 voltage (200V/ps) Tied to AVDD 0.945 Sg AVDD \%
Rpy Input pullup resistance To AVDD 70 100 130| kQ
Rpp Input pulldown resistance To AGND 70 100 130| kQ
TWO-LEVEL INPUTS (VSEL_BK)
Vis Input mode 1 voltage (5.0V) Hi-Z 027°AV ¢ sxavpp O-945°AVI
DD DD
Vi Input mode 2 voltage (5.7V) Tied to AVDD 0.945 S‘g AVDD| V
Rpy Input pullup resistance To AVDD 70 100 130] kQ
Rpp Input pulldown resistance To AGND 70 100 130| kQ
TWO-LEVEL INPUTS (OCP)
V4 Input mode 1 voltage (16A limit) Tied to AGND 0 0.09 DAg \Y
Vi Input mode 2 voltage (24A limit) 22 kQ £ 5% to AGND 012 DAg 0.15*AVvDD 0.55 DAg \Y
Rpy Input pullup resistance To AVDD 80 100 120| kQ
Rpp Input pulldown resistance To AGND 80 100 120| kQ
OPEN-DRAIN OUTPUTS (FAULTZ)
VoL Output logic low voltage lop =5 mA 0.4 \%
lon Output logic high current Vop =5V -1 11 pA
Cop Output capacitance 30| pF
DRIVER OUTPUTS
VF’VDD >6 V, IOUT =1 A, TA =25°C 95 120 mQ
R Total MOSFET on resistance (High-side |VPvop <6V, lour = 1A, To =25°C 105 130] mQ
DSON) |+ Low-side) Vevop > 6V, lour = 1A, Ty = 150 °C 140 185| mQ
VPVDD<6Vv IOUT=1A1 TJ=150 °C 145 190 mQ
Vpvop = 24 V, SLEW pin tied to AGND 14 25 45| Vlus
Phase pin slew rate switching low to high | Vevop = 24 V, SLEW pin to Hi-Z 30 50 80| Vips
SR Rising from 20 % to 80 % = i - 59
(Rising o 0) Vpvop = 24 V, SLEW pin to 47 kQ +/- 5% 80 125 185| Vis
to AVvDD
Vpvop = 24 V, SLEW pin tied to AVDD 130 200 280 Vips
Vpvpp = 24 V, SLEW pin tied to AGND 14 25 45| Vlus
Phase pin slew rate switching high to low | Vpvop = 24 V, SLEW pin to Hi-Z 30 50 80| Vlus
SR Falling from 80 % to 20 % = i - 59
( g o o) Vpvop = 24 V, SLEW pin to 47 kQ +/- 5% 50 195 185| Vis
to AVDD
Vpypp = 24 V, SLEW pin tied to AVDD 110 200 280| V/us
| Leakage current on OUTx Voutx = Vpvpp, RESETZ =1 5| mA
LEAK Leakage current on OUTx Voutrx =0V, RESETZ =1 11 pA
8 Submit Document Feedback Copyright © 2024 Texas Instruments Incorporated
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T, =-40°C to +150°C, Vpypp = 4.5 to 35 V (unless otherwise noted). Typical limits apply for Ty = 25°C, Vpypp =24 V

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Vpevpp = 24 V, SR = 25 V/us, HS driver
OFF to LS driver ON and LS driver OFF 1800 3400| ns
to HS driver ON
Vpyvpp = 24 V, SR = 50 V/ys, HS driver
OFF to LS driver ON and LS driver OFF 1100 1550| ns
¢ Output dead time (high to low / low to to HS driver ON
DEAD high) Veyop = 24 V, SR = 125 V/us, HS driver
OFF to LS driver ON and LS driver OFF 650 1000| ns
to HS driver ON
Vpvpp = 24 V, SR =200 V/us, HS driver
OFF to LS driver ON and LS driver OFF 500 750| ns
to HS driver ON
Vpvop = 24 V, INHX/INLx = 1 to OUTx
transition, SR = 25 V/us 2000 4550| ns
VpVDP.= 24V, lNHx/INLx =1to OUTx 1200 2150| ns
) Propagation delay (high-side / low-side ~|transition, SR = 50V/ps
D ON/OFF) Vpypp = 24 V, INHx/INLx = 1 to OUTx 800 1350| ns
transition, SR = 125 V/us
Vpvop = 24 V, INHx/INLx = 1 to OUTx
transition, SR = 200 V/us 650  1050| ns
tmin_puLse | Minimum output pulse width SR =200 V/us 600 ns
PROTECTION CIRCUITS
v Suool g " lockout (UVLO) PVDD rising 43 44 45| V
u undervoltage lockou
VLo i 9 PVDD falling 4.1 4.2 43| v
Vuvio Hys |Supply undervoltage lockout hysteresis | Rising to falling threshold 140 200 350 mV
tovio $upply undervoltage lockout deglitch 3 5 71 s
time
v Charge pump undervoltage lockout Supply rising 2.3 2.5 27V
cPuv (above PVDD) Supply falling 2.2 24 26| V
Vepuv_Hys | Charge pump UVLO hysteresis Rising to falling threshold 75 100 140 mV
Supply rising 2.7 2.85 3]V
VavpD uv Analog regulator undervoltage lockout -

- Supply falling 25 2.65 28| V
Vavop_  |Analog regulator undervoltage lockout | .o 46 falling threshold 180 200 240 mv
UV_HYS hysteresis
locp Overcurrent protection trip point OCP pin tied to AGND 10 16 22| A
locp Overcurrent protection trip point OCP pin tied to 22 kQ +5% to AGND 15 24 300 A
tocp Overcurrent protection deglitch time 0.06 0.3 0.6| wus
tRETRY Overcurrent protection retry time 4 5 6| ms
Totw Thermal warning temperature Die temperature (T,) 135 145 155| °C
Totw Hys | Thermal warning hysteresis Die temperature (T,) 15 20 26| °C
T1sD Thermal shutdown temperature Die temperature (T}) 170 180 190| °C
TTsD_HYs Thermal shutdown hysteresis Die temperature (T}) 15 20 25| °C
T1sp_FET Thermal shutdown temperature (FET) Die temperature (T}) 165 175 187| °C
TTSD_FET_HY | Thermal shutdown hysteresis (FET) Die temperature (T ) 18 25 30| °C
s

(1) Rygkis resistance of inductor Lgk
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5.6 Typical Characteristics
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Figure 5-1. Supply current over supply voltage Figure 5-2. Rps(on) (high and low side combined)
for MOSFETSs over temperature
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Figure 5-3. Buck regulator efficiency over supply |Figure 5-4. Buck regulator output voltage over load
voltage current
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6 Detailed Description
6.1 Overview

The DRV2911-Q1 device is a one-channel differential piezo driver with integrated fault protection. The device
reduces system footprint and complexity by integrating two half-bridge MOSFETSs, gate drivers, charge pumps,
and a linear regulator for driving the piezo-based Lens Cover System, LCS. A simple hardware interface allows
for configuring the settings through fixed external resistors.

The architecture uses an internal state machine to protect against short-circuit events and control the slew rate
of the internal power MOSFETSs.

The DRV2911-Q1 provides a wide range of integrated protection features including power-supply undervoltage
lockout (UVLO), charge-pump undervoltage lockout (CPUV), overcurrent protection (OCP), AVDD undervoltage
lockout (AVDD_UV), and overtemperature warning and shutdown (OTW and OTSD). Fault events are indicated
by the FAULTZ pin, which can be tied to the ULC1001-Q1 controller device or host controller.

The DRV2911-Q1 device is available in 0.5mm pin pitch, VQFN surface-mount packages with wettable flanks.
The VQFN package size is 7mm x 5mm.
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6.2 Functional Block Diagram
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—» ToAVDD
Replace Inductor (Lgg)
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Charge Pump larger external load
or to reduce power
dissipation
Regulators Ext.
5 AvDD Load
. CAVDD1
AVDD Linear Regulator AGND
L
— lex Ext.
1/0 Control Protection L SW.BK Y™ Load
‘C >
R BK| Vg
PWMA o Overcurrent GND_BK >
L d i Vi —
é Protection RED Buck Regulator
Thermal Warning
PWMB % > Thermal Shutdown L
RESETZ.L, Predriver Stage Power Stage
) % VCP PVDD
HS Pre- |
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L Control
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B VLS L
R
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RBIAS L
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VSEL BK ::[: Digital Control 20
Predriver Stage Power Stage I
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-
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PGND
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Figure 6-1. DRV2911-Q1 Block Diagram
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6.3 Feature Description

Table 6-1 lists the recommended values of the external components for the driver.
Table 6-1. DRV2911-Q1 External Components

COMPONENTS PIN 1 PIN 2 RECOMMENDED
X5R or X7R, 0.1-pF, Tl recommends a capacitor
CpvDD1 PVDD PGND voltage rating at least twice the normal operating
voltage of the device
> 10-pF, Tl recommends a capacitor voltage rating at
Cevop2 PVDD PGND least twice the normal operating voltage of the device
Ccp CP PVDD X5R or X7R, 16-V, 1-pF
X5R or X7R, 47-nF, Tl recommends a capacitor
CrLy CPH CPL voltage rating at least twice the normal operating
voltage
X5R or X7R, 1-uF, 2 6.3-V. In order for AVDD to
accurately regulate output voltage, capacitor should
Cavop AVDD AGND have effective capacitance between 0.7-uF to 1.3-pF
at 3.3-V across operating temperature.
CyREF VREF AGND X5R or X7R, 0.1-pF, 6.3-V capacitor
ReauLtz AVDD FAULTZ 5.1-kQ, Pullup resistor
Rpias RBIAS AVDD 47 kQ, bias resistor
RsLew SLEW AGND or AVDD Slew rate hardware interface
Rocp OoCP AGND OCP hardware interface
Note

Tl recommends connecting the pull-up on FAULTZ even if it is not used to avoid undesirable entry into
internal test mode. If an external supply is used to pull up FAULTZ, ensure that it is pulled to >2.2V on
power up or the device will enter internal test mode.

6.3.1 Output Stage

The DRV2911-Q1 device consists of an integrated 95mQ (combined high-side and low-side FET's on-state
resistance) NMOS FETs connected in two half-bridge configurations. A doubler charge pump provides the proper
gate-bias voltage to the high-side NMOS FETs across a wide operating voltage range in addition to providing
100% duty-cycle support. An internal linear regulator provides the gate-bias voltage for the low-side MOSFETs.
The device has three PVDD power-supply pins which are to be connected to the supply voltage.

6.3.2 Hardware Interface

The hardware interface contains three configurable pins SLEW, OCP, and VSEL_BK for controlling the driver
output slew rate, over current protection level, and buck voltage, respectively. These pins allow the application
designer to configure the device settings by tying each pin to logic high, logic low, floating, or pull-up to logic high
with a suitable resistor. The hardware interface also contains the FAULTZ open-drain pin for reporting a driver

fault.

» The SLEW pin configures the slew rate of the output voltage.

» The OCP pin is used to configure the over-current protection level.
» The VSEL_BK pin is used to configure the buck output voltage level.
+ The FAULTZ pin is used to report driver faults and can be read over 12C from the ULC controller.
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| 02 S vseL Bk |

| AVDD: 5.7V, PVDD>6.7V |

1
AVDD I

|
|
|Hi-z: 50v/us — |
|AGND: 25V/us |

|AGND:16A I
Roce = 22kQ: 24 A

I
[ Rocp I
I
I

RSLEW SLEW ]_
lAVDD: 200V/us
Rsiew = 47kQ: 125V/us

:l_

Hardware
Interface
Options

Figure 6-2. DRV2911-Q1 Hardware Interface

Figure 6-3 shows the structure of the four-level input pin, SLEW. The OCP and VSEL_BK pins utilize the same
internal structure but only have two valid configurations.

AVDD

AVDD

SLEW Rate | RESISTANCE
25V/us Tied to AGND
Hi-Z (>2000 kQ to
50V/us AGND)
47 kQ 5%
125V/us to AVDD
200v/us Tied to AVDD

Rey
N
h AN
Reo

CONTROL
Level 1
— ;
Level 2
—p—
g; Level 3
+\J\
—p—
E; Level 4

Figure 6-3. SLEW Input Pin Structure

Figure 6-4 shows the input structure for the logic level pins, OUTOFF, PWMx, and RESETZ. The input can be
with a voltage or external resistor. It is recommended to put these pins low in device sleep mode to reduce
leakage current through internal pull-down resistors.
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AVDD

STATE CONNECTION

INPUT
ViH Tied to AVDD

IF( Logic High
, | I
Vi Tied to GND :

Logic Low
if ESD Rep

Figure 6-4. Logic-Level Input Pin Structure

Figure 6-5 shows the structure of the open-drain output FAULTZ. The open-drain output requires an external
pullup resistor to function properly.

AVDD
STATE STATUS
Rpu
No Fault Pulled-Up
OUTPUT
Fault Pulled-Down

ESD | Inactive

Active

Figure 6-5. Open Drain
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6.3.3 AVDD Linear Voltage Regulator

A 3.3V linear regulator is integrated into the DRV2911-Q1 family of devices and is available for use by external
circuitry. The AVDD regulator is used for powering up the internal digital circuitry of the device and additionally,
this regulator can also provide the supply voltage for a low-power MCU or other circuitry supporting low current
(up to 30mA). The output of the AVDD regulator should be bypassed near the AVDD pin with an X5R or X7R,
1uF, 6.3V ceramic capacitor routed directly back to the adjacent AGND ground pin.

The AVDD nominal, no-load output voltage is 3.3V.

i

- AVDD ExternaLLoad

| L =
Cavop

= AGND
-

1

1

|

Figure 6-6. AVDD Linear Regulator Block Diagram
Use Equation 1 to calculate the power dissipated in the device by the AVDD linear regulator based on Vgy.
P=(Vpg — AVDD) X I4ypp (1)
For example, at a Vg of 30V, drawing 20mA out of AVDD results in power dissipation as shown in Equation 2.

P=(5V—-33V) X 10mA = 17mW 2)
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6.3.4 Step-Down Mixed-Mode Buck Regulator

The DRV2911-Q1 has an integrated mixed-mode buck regulator to supply regulated 5.0V power for an external
controller or system voltage rail. The buck output can also be configured to 5.7V to support the extra headroom
for external LDO for generating up to 5.0V. The output voltage of the buck is set by the VSEL_BK pin.

The buck regulator has a low quiescent current of ~1-2mA during light loads to prolong battery life. The device
improves performance during line and load transients by implementing a pulse-frequency current-mode control
scheme which requires less output capacitance and simplifies frequency compensation design.

The buck regulator components Lgk/Rgk and Cgk must be connected. Internally, the buck powers the

3.3V AVDD supply.

Note

Table 6-2. Recommended Settings for Buck Regulator

Buck Mode

Buck output voltage

Max output current from

Max output current from

Buck current limit

AVDD (lavpp) Buck (Igk)
Inductor - 47uH 5.0Vor 5.7V 30mA 200mA - lavpp 600mA
Inductor - 22uH 5.0Vor 5.7V 30mA 50mA 150mA
Resistor - 220 5.0Vor5.7V 30mA 40mA 150mA
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6.3.4.1 Buck in Inductor Mode

The buck regulator in DRV2911-Q1 device is primarily designed to support low inductance of 47uH and 22uH
inductors. The 47uH inductor allows the buck regulator to operate up to 200mA load current support, whereas
the 22uH inductor limits the load current to 50mA.

Figure 6-7 shows the connection of buck regulator in inductor mode.

PVDD

J SW_BK
- Ext. Load

=YY T—»
Control Lek Vak
CBK
L eND_BK

-

-

L FB_BK
|

]

Figure 6-7. Buck (Inductor Mode)

6.3.4.2 Buck in Resistor mode

If the external load requirements is less than 40mA, the inductor can be replaced with a resistor. In resistor
mode, the power is dissipated across the external resistor and the efficiency is lower than a buck in
inductor mode. To appropriately scale the resistor, use the following equations. The ULC1001-Q1 max current
consumption is approximately 10mA, Iy c. Using DRV2911-Q1 internal current, Ipry T, CONsumption assumed
to be 10mA, PVDD equal to 25V, and buck voltage equal to 5V, the buck resistor should be rated higher than
400mW. When choosing a resistor rating, consider the layout's ambient temperature range and overall thermal
dissipation.

PstanpBy = Vpvpp X (IyLc + Iprv INT) (3)

Pk _RrEs = Pstanpsy — (VBuck X 1uLc + DRV_INT) 4)

Figure 6-8 shows the connection of buck regulator in resistor mode.

PVDD
SW_BK
:| - i Ext. Load
Control Resk VK
CBK
L GND_BK
LT 7
FB_BK -

] -
LI

Figure 6-8. Buck (Resistor Mode)
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6.3.4.3 Buck Regulator with External LDO

The buck regulator also supports the voltage requirement to be fed to external LDO to generate standard 3.3V
or 5.0V output rail with higher accuracies. The buck output voltage should be configured to 5V or 5.7V to provide
extra headroom to support the external LDO for generating 3.3V or 5V rail as shown in Figure 6-9.

This allows for a lower-voltage LDO design to save cost and better thermal management due to low drop-out

voltage.

PVDD

Control

SW_BK Ve
(5V 15.7V)

Lek

CBK

-
L

_l
@
Z
IU
oy)
ey
IH—

External LDO

]
L

Vipo
(3.3V/5V)

Ext. Load

CLDO

Figure 6-9. Buck Regulator with External LDO
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6.3.4.4 AVDD Power Sequencing with Buck Regulator

The AVDD LDO has uses the power supply from the mixed mode buck regulator to reduce power dissipation
internally. The LDO power supply from DC mains (PVDD) to buck output (VBK) are shown in Figure 6-10.

PVDD

Control

J SW_BK

1
L

J | GND_BK T
1

REF—>>J

1

1

| »

C:AVDD

= AGND
-

1

:
il

Ext. Load
Vek

= AVDD ExternaLLoad

Figure 6-10. AVDD Power Sequencing on mixed mode Buck Regulator
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6.3.4.5 Mixed mode Buck Operation and Control

The buck regulator implements a pulse frequency modulation (PFM) architecture with peak current mode control.
The output voltage of the buck regulator is compared with the internal reference voltage (Vgk rer) Which is
internally generated depending on the buck-output voltage setting (BUCK_SEL) which constitutes an outer
voltage control loop. Depending on the comparator output going high (Vg < Vgk rer) or low (Vek > Vgk REF),
the high-side power FET of the buck turns on and turns off respectively. An independent current control loop
monitors the current in high-side power FET (Igk) and turns off the high-side FET when the current becomes
higher than the buck current limit (Igk ¢L). This implements a current limit control for the buck regulator. Figure
6-11 shows the architecture of the buck and various control/protection loops.

Buck Control SW BK
Iak ot Ext. Load
PVDD s g 1 —————>
LBK VBK

»| PWM Control [~
—p{ andDriver | } | > Cex
LGND_BK
g e 1T
Current Limit |« e -

—le— lskcL
e lai

'— OC Protection |« D
— [¢— lgk_ocr

L FB_BK

<
2

]

L

UV Protection

A

—|€— Vs uvio

Vek

Voltage Control

A

Vek_Rer

Buck
Reference
Voltage
Generator

|| VSEL_BK
e

A
I

Figure 6-11. Buck Operation and Control Loops

6.3.4.6 Buck Undervoltage Lockout

If the input supply voltage on the FB_BK pin falls lower than the Vgk yvio threshold, all of both high-side and
low-side MOSFETs of the buck regulator are disabled and the FAULTZ pin is driven low. Normal operation starts
again (buck operation and the FAULTZ pin is released) when the VBK undervoltage condition clears.

6.3.4.7 Buck Overcurrent Protection

A buck overcurrent event is sensed by monitoring the current flowing through the buck regulator’'s FETs. If the
current across the buck regulator FET exceeds the Igk ocp threshold for longer than the tgx ocp deglitch time,
an OCP event is recognized. The buck OCP mode is configured in the automatic retry setting. In this setting,
after a buck OCP event is detected, all the buck regulator’'s FETs are disabled and the FAULTZ pin is driven
low. Normal operation starts again automatically (driver operation and the FAULTZ pin are released) after the
tsk_ReTRY time elapses.
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6.3.5 Charge Pump

Because the output stages use N-channel FETs, the device requires a gate-drive voltage higher than the PVDD
power supply to enhance the high-side FETs fully. The DRV2911-Q1 integrates a charge-pump circuit that
generates a voltage above the PVDD supply for this purpose.

The charge pump requires two external capacitors for operation. See Figure 6-1, Section 4 and Section 6.3 for
details on these capacitors.

The charge pump shuts down when RESETZ is low.

PVDD

-
L

Cep

cP 4

LI

CPH ]

LT d
PVDD
—— Cay Charge
Pump
| Control
I W

Figure 6-12. DRV2911-Q1 Charge Pump
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6.3.6 Slew Rate Control

An adjustable gate-drive current control to the MOSFETs 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 Figure 6-13.

VCP (Internal)

Slew Rate
Control

VCP (Internal)

Slew Rate
Control

Figure 6-13. Slew Rate Circuit Implementation

The slew rate can be adjusted by the SLEW pin by following Figure 6-2. Four slew rate settings are available:
25V/us, 50V/us, 125V/us or 200V/us. The slew rate is calculated by the rise time and fall time of the voltage on
the OUTx pin as shown in Figure 6-14.

Vourx 4
PVDD
PVDD A
0
tr\se tlaII
Figure 6-14. Slew Rate Timings
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6.3.7 Cross Conduction (Dead Time)

The device is fully protected against any cross-conduction of MOSFETs - during the switching of high-side
and low-side MOSFETs, DRV2911-Q1 avoids shoot-through events 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 ensuring
that the VGS of the high-side MOSFET has reached below turn-off levels before switching on the low-side
MOSFET of the same half-bridge (or vice-versa) as shown in Figure 6-15 and Figure 6-16.

PVDD

Gate
"] Control

] ouTx

Gate
"] Control

il

Figure 6-15. Cross Conduction Protection
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| I >
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Figure 6-16. Dead Time
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6.3.8 Propagation Delay

The propagation delay time (t,q) is measured as the time between an input logic edge to change in gate driver
voltage. This time has three parts consisting of the digital input deglitcher delay, analog driver, and comparator
delay.

The input deglitcher prevents high-frequency noise on the input pins from affecting the output state of the gate
drivers. To support multiple control modes, a small digital delay is added as the input command propagates
through the device.

A
PWMx
| PWNx: 01
OUTx High | OUTx High
|
}47 tpp ———»
|
|
|
|
. OUTx Low
oUTx OUTx Low 1 PWMx : 0—» 1
! Time g

Figure 6-17. Propagation Delay

6.3.9 Protections

The DRV2911-Q1 family of devices is protected against PVDD undervoltage, charge pump undervoltage, and
overcurrent events. The following sections summarize various fault details.
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6.3.9.1 PVDD Supply Undervoltage Lockout

If at any time the input supply voltage on the PVDD pin falls lower than the Vo threshold (PVDD UVLO falling
threshold), all of the integrated FETSs, driver charge-pump, and digital logic controller are disabled as shown in
Figure 6-18. Normal operation resumes (driver operation) when the PVDD undervoltage condition is removed.

A

Vuyvio (max) rising — —
Vuvio (min) rising — —

Vuvio (max) falling — —
Vuvio (min) falling — -

DEVICE ON

DEVICE ON é DEVICE OFF

k\\\\

\ 4

Time —»

Figure 6-18. PVDD Supply Undervoltage Lockout

6.3.9.2 AVDD Undervoltage Lockout

If at any time the voltage on the AVDD pin falls lower than the Vaypp yv threshold, all of the integrated FETs,
driver charge pumps, and digital logic controller are disabled. Normal operation resumes (driver operation) when
the AVDD undervoltage condition is removed.

6.3.9.3 VCP Charge Pump Undervoltage Lockout

If at any time the voltage on the VCP pin (charge pump) falls lower than the V¢pyy threshold voltage of the
charge pump, all of the integrated FETs are disabled and the FAULTZ pin is driven low. Normal operation starts
again (driver operation and the FAULTZ pin are released) when the VCP undervoltage condition clears.

6.3.9.4 Overcurrent Latched Protection

A MOSFET overcurrent event is sensed by monitoring the current flowing through FETs. If the current across
a FET exceeds the Igcp threshold for longer than the tocp deglitch time, an OCP event is recognized and the
output enters a latched shutdown state. The locp threshold is set via OCP/SR pin, and the tocp peg is 0.6ps.

After an OCP event in this mode, all MOSFETs are disabled and the FAULTZ pin is driven low. Normal driver
operation starts again and the FAULTZ pin is released when the OCP condition is cleared. Clear the OCP
condition by toggling the RESETZ pin for the reset pulse (trsT).

26 Submit Document Feedback Copyright © 2024 Texas Instruments Incorporated
Product Folder Links: DRV2911-Q1


https://www.ti.com/product/DRV2911-Q1
https://www.ti.com/lit/pdf/SLVSHE3
https://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLVSHE3&partnum=DRV2911-Q1
https://www.ti.com/product/drv2911-q1?qgpn=drv2911-q1

13 TEXAS
INSTRUMENTS DRV2911-Q1
www.ti.com SLVSHE3 - JUNE 2024

_ Peak Current due
to deglitch time
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Time —» Clear Fault /vl

Figure 6-19. Overcurrent Protection - Latched Shutdown Mode

6.3.9.5 Thermal Shutdown (OTSD)

DRV2911-Q1 has 2 die temperature sensors for thermal shutdown, one near the FETs and one in another part of
the die.

6.3.9.5.1 OTSD FET

If the die temperature near FET exceeds the trip point of the thermal shutdown limit (T1sp reT), all the FETs are
disabled, the charge pump is shut down, and the FAULTZ pin is driven low. Normal operation starts again (driver
operation and the FAULTZ pin is released) when the over temperature condition clears. This protection feature
cannot be disabled.

6.3.9.5.2 OTSD (Non-FET)

If the die temperature in the device exceeds the trip point of the thermal shutdown limit (Ttgp), all the FETs are
disabled, the charge pump is shut down, and the FAULTZ pin is driven low. Normal operation starts again (driver
operation and the FAULTZ pin is released) when the over temperature condition clears. This protection feature
cannot be disabled.
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6.4 Device Functional Modes

6.4.1 Functional Modes
6.4.1.1 Reset Mode

The RESETZ pin manages the state of the DRV2911-Q1. When the RESETZ pin is low, the device goes to a
low-power sleep mode. In sleep mode, the output stage, charge pump, and AVDD are disabled. The tg ggp time
must elapse after a falling edge on the RESETZ pin before the device goes to sleep mode. The device comes
out of sleep mode automatically if the RESETZ pin is pulled high. The tyake time must elapse before the device
is ready for input.

In sleep mode and when Vpypp < VyyiLo, all MOSFETSs are disabled.

Note

During power up and power down of the device through the RESETZ pin, the FAULTZ pin is held low
as the internal regulators are enabled or disabled. After the regulators are enabled or disabled, the
FAULTZ pin is automatically released. The duration that the FAULTZ pin is low does not exceed the

tsLeep or twake time.

Note
Tl recommends connecting the pull up on FAULTZ even if it is not used to avoid undesirable entry into
internal test mode. If an external supply is used to pull up FAULTZ, ensure that it is pulled to >2.2V on
power up or the device will enter internal test mode.

6.4.1.2 Operating Mode

When the RESETZ pin is high and the Vpypp voltage is greater than the Vo voltage, the device goes into
operating mode. The tyake time must elapse before the device is ready for inputs. In this mode the charge pump
and AVDD regulator are active.

6.4.1.3 Fault Reset (RESETZ Pulse)

In the case of device latched faults, the DRV2911-Q1 goes to a partial shutdown state to help protect the power
MOSFETs and system.

When the fault condition clears, the device can go to the operating state again by sending a reset pulse to the
RESETZ pin. The RESETZ reset pulse (trsT) consists of a high-to-low-to-high transition on the RESETZ pin.
The low period of the sequence should fall within the tggt time window or else the device will start the complete
shutdown sequence (low power sleep mode). The reset pulse has no effect on any of the regulators, or other
functional blocks.

6.4.2 OUTOFF functionality

DRV2911-Q1 can disable pre-driver and MOSFETs bypassing the digital through the OUTOFF pin. When the
OUTOFF pin is pulled high, the output FETs are disabled. If RESETZ is high when the OUTOFF pin is high, the
charge pump and AVDD regulator are active and any driver-related faults such as OCP will be inactive. OUTOFF
pin independently disables the output FETs irrespective of the status of PWMx input pins.

Note
Since the OUTOFF pin independently disables MOSFET, it can trigger fault conditions resulting in
FAULTZ getting pulled low.
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7 Application and Implementation

Note

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

7.1 Application Information

DRV2911-Q1 is the driver in a two-chip Ultrasonic Lens Cleaning system or ULC system. When paired with
the ULC1001-Q1 controller device, DRV2911-Q1 is capable of receiving PWM inputs and driving cleaning
sequences to piezo-based Lens Cover Systems, LCS. The output signal to the LCS may be boosted to a higher
voltage using an LC filter as shown in Figure 7-1.

Host Processor

’\/\/\/—-—Irg;_

- ——— — I0VDD AVDD Vg PVDD
| Or use oscillator 1 T * T
|
| INOtk PWMx I Sptona 1
- EC_ - A OUTA| |
< » I |
2 DRIVER_ERRZ L
—_———— < DRV2911-Q1 | f—
" Opional | OUTOFF | |
| OouTB |
Sbz | (from host) L}~
i > v
I rRaz | RESET DRV
> —b]
| ! ULC1001-Q1 (from host or
l ADO |, ULC1001-Q1)
|
I | ISNS_IN
| outorF I A Signal Conditioning
| RESET DRV |
|
- - VSNS_IN

2

Signal Conditioning

Figure 7-1. Ultrasonic Lens Cleaning Application Block Diagram
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7.2 Typical Applications

Figure 7-2 shows an example schematic for an Ultrasonic Lens Cleaning application. The following design
procedure outlines the setup process for DRV2911-Q1.

10VDD power supplied by driver | TVPVDD
(LDO or Buck) or external supply T -I N
47 nE 1WF | 0.1pF 10 uF
VDD
I I0vDD CPH CPL CP PVDD GND GND
J J
_—— AL_H] VREF AVDD 2
| Or oscillator —
| 0.1 uF
| AGND
\ INCLK |
T > g e
1 ULC1001-Q1 — SW_BK > Ve
RBK CBK
DRV2911-Q1
GND_BK
oon o S oA =
Host SDA PWMB PWMB FB_BKL}
_——_———— -
Processor |  Optional | Rens (1-2Qtypically)
SDZ From host or resistive| OUTA []—'—N‘”‘m | AN
o spz_out[y VertoPVOD A pegery I | ,’—Jf—“ ]
|
ADO DRIVER_ERRZ FAULTZ I I : !
RESETZ - outs L Lens
’ From host e Cover
OUTOFF OUTOFF System
——»
PGND
GND
VDD
R5
R4
ISNS_P [} AN
Current and ISNS_N VDD
voltage sensing \ ygns p R6 R5
VSNS_N GND R4
AN
R3 R1 R6 snD
* AN
R2 GND
R3

Figure 7-2. Ultrasonic Lens Cleaning Schematic

7.2.1 Design Procedure

The typical ULC application utilizes the host processor for configuring the ULC1001-Q1 controller, which
subsequently drives a PWM signal to the DRV2911-Q1. The DRV2911-Q1 output may be passed through an
LC filter before driving the piezo-based LCS. A sense resistor is placed in line with the OUTA driver output and
has current sense connections on either side that route back to the controller device. Additionally, voltage sense
connections across the LCS are routed to the controller.

When powering ULC1001-Q1 using the AVDD pin of DRV2911-Q1, the host processor must be used to control
the DRV2911-Q1 RESETZ pin. Alternatively, RESETZ can be set high by using a resistive divider to PVDD. In
the low-power reset mode (RESETZ = low), AVDD is disabled and powers down ULC1001-Q1.
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When using an independent supply for ULC1001-Q1, the SDZ_OUT pin can be connected to RESETZ to control
the DRV2911-Q1 functional mode using the ULC_TX_mode_cfg2 register. Additional DRV2911-Q1 hardware
interface pin settings for SLEW and OCP are outlined in Hardware Interface and vary based on the system
design.

Table 6-1 outlines recommendations for passive components shown in the schematic, Figure 7-2.

Lastly, the resistor values for R1 through R6 should be set based on the current and voltage levels required to

drive the LCS. Refer to the next section Section 7.2.2 for details. RS is pulled high to the VDD supply (1.8V) from
ULC1001-Q1.
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7.2.2 Voltage and Current Sense Circuitry

Each input into the ULC1001-Q1 current and voltage sense amplifiers require a voltage divider to decrease
the high voltage across the transducer from 0V to 0.9V. The circuit representation of the current and voltage
sense amplifiers is shown in Figure 7-3, where the items in I-sense Amp and V-sense Amp are internal to
ULC1001-Q1. The resistors used in the voltage dividers must have a 0.1% tolerance to achieve high accuracy
for power measurements. Three scale factors, USER_Params_ohms_sf Q22, USER_Params_watts_sf Q18,
and USER_Params_Imag_max_sf Q27, are used to convert the measured values into power, impedance, and
current values, respectively. Use the below equation to determine the scale factors and the current and voltage
sense amplifier gains. Table 7-1 containing typical resistor values for common voltage levels.

Note
The equivalent resistance between VDD and GND must be = 4kQ. R is fixed to 84kQ.

Cr I-sense Amp
R5 Vger = 0.45
R4

Isns_P
VDD
% R5
R6
R3
R2
R3
R2

|y

Isns_N Isns_amP_ouT

R6
R

J?o 2\

(optional)

4
Rens R Vier =045

|
OUTA e~ :

! |

} | L V, Vsns_P

! ens A
b Crier | Cover Piezo Vsns_N Vsns_amp_out
} | System v =
}

| I-Filter } Re
ouTB .m : N

,,,,,,,,, F

Figure 7-3. Voltage and Current Sense Amplifiers

|y

V-sense Amp
1
R1

aln

ISNS
USER_Params_ohms_sf_Q22 = —VSNS%iIINN -
USER_Params_watts_sf_Q18 = VSNSl(;AIN X ISNSl(;AIN %X 0.2025 )
USER_Params_Imag_max_sf_Q27 = —ISNggAIN -
v _ Rf X Rsns
ISNSGAIN(Z) = Re X Esns o
VSNS V| = 1.043% R .
caln| 7 | = 1. L o
R1XR3><(R—1 +R_2+R_3>

Table 7-1. Voltage and Current Sense Resistor Reference Values
R5 = 6kQ. R6 = 2kQ

Differential Voltage (pk-pk) R1 R2 R3 R4
460 1.3MQ 6.34kQ 294kQ 422kQ
90 360kQ 30kQ 1MQ 150kQ
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Table 7-1. Voltage and Current Sense Resistor Reference Values (continued)

R5 = 6kQ. R6 = 2kQ

Differential Voltage (pk-pk)

R1

R2

R3

R4

40

150kQ

30kQ

1MQ

150kQ

Copyright © 2024 Texas Instruments Incorporated

Product Folder Links: DRV2911-Q1

Submit Document Feedback

33


https://www.ti.com
https://www.ti.com/product/DRV2911-Q1
https://www.ti.com/lit/pdf/SLVSHE3
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLVSHE3&partnum=DRV2911-Q1
https://www.ti.com/product/drv2911-q1?qgpn=drv2911-q1

13 TEXAS
DRV2911-Q1 INSTRUMENTS
SLVSHES3 - JUNE 2024 www.ti.com

8 Power Supply Recommendations
8.1 Bulk Capacitance

Having an appropriate local bulk capacitance is an important factor in optimal driver performance. It is generally
beneficial to have more bulk capacitance, while the disadvantages are increased cost and physical size.

The amount of local capacitance needed depends on a variety of factors, including:
* The highest current required by the system

» The capacitance and current capability of the power supply

» The amount of parasitic inductance between the power supply and load

* The acceptable voltage ripple

The inductance between the power supply and the drive system limits the rate that current can change from the
power supply. If the local bulk capacitance is too small, the system responds to excessive current demands with
a change in voltage. When adequate bulk capacitance is used, the output voltage remains stable, and a high
current can be quickly supplied.

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

Parasitic Wire
Inductance

Power Supply ¢ ULC Driver System

N e

Driver

()
NI

+
\4
m GND
Local IC Bypass
U Bulk Capacitor Capacitor
— - — — J - e (e — —  —_——_— - —_ =

Figure 8-1. Example Setup of ULC Driver System With External Power Supply

The voltage rating for bulk capacitors should be higher than the operating voltage, to provide margin for optimal
driver performance.
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9 Layout

9.1 Layout Guidelines

The bulk capacitors should be placed to minimize the distance of the path to the driver. The connecting metal
trace widths should be as wide as possible, and numerous vias should be used when connecting PCB layers.
These practices minimize inductance and allow the bulk capacitor to deliver high instantaneous current.

Small-value capacitors such as the charge pump, AVDD, and VREF capacitors should be ceramic and placed
close to device pins.

The high-current device outputs should use wide metal traces.

To reduce noise coupling and EMI interference from large transient currents into small-current signal paths,
grounding should be partitioned between PGND and AGND. Tl recommends connecting all non-power stage
circuitry (including the thermal pad) to AGND to reduce parasitic effects and improve power dissipation from the
device. Ensure grounds are connected through net-ties or wide resistors to reduce voltage offsets and maintain
gate driver performance.

The device thermal pad should be soldered to the PCB top-layer ground plane. Multiple vias should be used to
connect to a large bottom-layer ground plane. The use of large metal planes and multiple vias help dissipate the
power loss that is generated in the device.

To improve thermal performance, maximize the ground area that is connected to the thermal pad ground across
all possible layers of the PCB. Using thick copper pours can lower the junction-to-air thermal resistance and
improve thermal dissipation from the die surface.

Separate the SW_BK and FB_BK traces with ground separation to reduce buck switching from coupling as noise
into the buck outer feedback loop. Widen the FB_BK trace as much as possible to allow for faster load switching.

Figure 9-1 shows a layout example for the DRV2911-Q1.
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9.2 Layout Example

14 14 X
14\ 2avilcory RESET2

14 1
3.3V-ULCDRV PWMA

14
T NutiRS_1

14
NatC1B_1

2 2
NetC8_2 NetC2_2

Figure 9-1. Recommended Layout Example for VQFN Package
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9.3 Thermal Considerations

The DRV2911-Q1 has thermal shutdown (TSD) as previously described. A die temperature above 165°C (min.)
disables the device until the temperature drops to a safe level.

Any tendency of the device to enter thermal shutdown is an indication of excessive power dissipation, insufficient
heatsinking, or too high an ambient temperature.

9.3.1 Power Dissipation

The power loss in DRV2911-Q1 include standby power losses, LDO power losses, FET conduction and
switching losses, and diode losses. The FET conduction loss dominates the total power dissipation in DRV2911-
Q1. The total device dissipation is the power dissipated in each of the two half bridges added together. The
maximum amount of power that the device can dissipate depends on ambient temperature and heatsinking.
Note that RDS,ON increases with temperature, so as the device heats, the power dissipation increases. Take
this into consideration when designing the PCB and heatsinking.

A summary of equations for calculating each loss is shown in Table 9-1.
Table 9-1. DRV2911-Q1 Power Loss Approximations

Loss type Approximate Power Loss Calculation
Standby power Pstandby = Vpvob X Ipvop_TA
LDO PLpbo = (Vevop-Vavob) X lavbp
FET conduction Pcon = 2 X (Ipk)? X Rys on(TA)
FET switching Psw = Ipk X Vpvpp X trisertall X frwm
Diode Pagiode = 2 X lpk X VE(diode)X toeADTIME X fvwm
Copyright © 2024 Texas Instruments Incorporated Submit Document Feedback 37

Product Folder Links: DRV2911-Q1


https://www.ti.com
https://www.ti.com/product/DRV2911-Q1
https://www.ti.com/lit/pdf/SLVSHE3
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLVSHE3&partnum=DRV2911-Q1
https://www.ti.com/product/drv2911-q1?qgpn=drv2911-q1

13 TEXAS
DRV2911-Q1 INSTRUMENTS
SLVSHES3 - JUNE 2024 www.ti.com

10 Device and Documentation Support

10.1 Third-Party Products Disclaimer

TI'S PUBLICATION OF INFORMATION REGARDING THIRD-PARTY PRODUCTS OR SERVICES DOES NOT
CONSTITUTE AN ENDORSEMENT REGARDING THE SUITABILITY OF SUCH PRODUCTS OR SERVICES
OR A WARRANTY, REPRESENTATION OR ENDORSEMENT OF SUCH PRODUCTS OR SERVICES, EITHER
ALONE OR IN COMBINATION WITH ANY TI PRODUCT OR SERVICE.

10.2 Documentation Support

10.2.1 Related Documentation

For related documentation, see the following:

* EVM page ULC1001-DRV2911-EVM
*  PowerPAD™ Thermally Enhanced Package, SLMAQ002
* PowerPAD™ Made Easy, SLMA004

10.3 Receiving Notification of Documentation Updates

To receive notification of documentation updates, navigate to the device product folder on ti.com. Click on
Notifications to register and receive a weekly digest of any product information that has changed. For change
details, review the revision history included in any revised document.

10.4 Support Resources

TI 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 Tl's views; see TlI's Terms of Use.

10.5 Trademarks

TI E2E™ is a trademark of Texas Instruments.

All trademarks are the property of their respective owners.
10.6 Electrostatic Discharge Caution

This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled
‘ with appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.

‘Q \ ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may
be more susceptible to damage because very small parametric changes could cause the device not to meet its published
specifications.

10.7 Glossary

Tl Glossary This glossary lists and explains terms, acronyms, and definitions.

11 Revision History

DATE REVISION NOTES

March 2024 * Initial release.

12 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most-
current data available for the designated device. This data is subject to change without notice and without
revision of this document. For browser-based versions of this data sheet, see the left-hand navigation pane.
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12.1 Tape and Reel Information
REEL DIMENSIONS TAPE DIMENSIONS

. ~>‘|<—K0 « P1-»]

R T

& & o|( B0 W

v
Reel X A
Diameter
Cavity —>| A0 |<—

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 4 W | Overall width of the carrier tape

i P1 | Pitch between successive cavity centers

T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE

o O O O O OO O O Sprocket Holes
| |
I I
Q1 : Q2 Q1 : Q2
4--q--4 t--7--1-
Q3 1 Q4 Q31 Q4 User Direction of Feed
| % 4 |
T T
ANz
Pocket Quadrants
Reel Reel "
Device PaT"kage ;“k‘:'ge Pins sPQ Diameter | Width W1 L Ed (O i W a P';“ ‘
ype rawing (mm) (mm) (mm) (mm) (mm) (mm) (mm) uadran:
DRV2911QRGFRQ1 VQFN RGF 40 3000 330 16.4 5.25 7.25 1.45 8.0 16.0 Q1
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TAPE AND REEL BOX DIMENSIONS

Device Package Type Package Drawing | Pins | SPQ Length (mm) | Width (mm) | Height (mm)
DRV2911QRGFRQ1 VQFN RGF 40 3000 367.0 367.0 35.0
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PACKAGE OUTLINE
RGF0040F VQFN - 1 mm max height
PLASTIC QUAD FLATPACK- NO LEAD

R

o~
©=

// : 0.100 MIN
PIN 1 INDEX AREA . . 1
‘J .
(0.130) b

SECTION A-A
TYPICAL

1 MAX —
LEJ_\ s S0 WD e G0 O e O e W e B e B
8-8gJ‘ 3.7+0.1
' | [35| |
(35] —~ - 02)TYP
36X JUUU‘UUUQ N
125> } 21
T \ & 0161
D) \ @«
D) ‘ @
PO i (@
D) 41 Cdq SYMM
[5.5] B — e e

) | d
B \ a
D) ‘ &«
) | (@«

[ | —t

! \ 21 03
@@@Q@@Q@ 40X g
SYMM .05 | lE
¢ %o L ®foss@[c 4225901/A 05/2020

NOTES:

1. Alllinear 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. The package thermal pad must be soldered to the printed circuit board for optimal thermal and mechanical performance.
*‘J TeExAs
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RGFO0040F

EXAMPLE BOARD LAYOUT
VQFN - 1 mm max height

PLASTIC QUAD FLATPACK- NO LEAD

[ (4.8) |
i (3.7) ‘

! SYMM w

40X (0.6) \

40X (0.25) |

|

(R 0.05) TYP

(@0.2) VIA 13

TYP 2X (0.625) —f=—wmle—— =l 2X (0.975)

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE: 12X

0.07 MIN

0.07 MAX
ALL AROUND *H* ALL AROUND A‘E
P METAL

SOLDER MASK

(M
| ff/’/ OPENING
™.__ SOLDER MASK (
EX':A?ESTE\E 7 OPENING EXPOSED | METAL UNDER
METAL SOLDER MASK
NON SOLDER MASK
DEFINED SOLDER MASK
(PREFERRED) DEFINED
SOLDER MASK DETAILS 4225901/A 05/2020

NOTES: (continued)

4. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature
number SLUA271 (www.ti.com/lit/slua271) .

5. Vias are optional depending on application, refer to device data sheet. If any vias are implemented, refer to their locations shown
on this view. It is recommended that vias under paste be filled, plugged or tented.

{i’ TeEXAs
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EXAMPLE STENCIL DESIGN
RGF0040F VQFN - 1 mm max height
PLASTIC QUAD FLATPACK- NO LEAD

| @9 i
‘ SYMM L 12X (105
40X (0.6) | P19
4OX(0.25)L ‘ B B H Ti‘
BH8—— 4
1 |
L, 41 | ~ i B2 $
36X (0.5) T } | 12X (1.15)
O i O iO ) *
| ==
SYMM | | ) 2X
B 4——%9——!——@—#‘—@—— -] 0875 (68)
| ! )
g SN I N I -
NI
| 2X
o oo L i
! ) K
(R0.05) TYP 1" ’”’T’ -
— . ~ )=

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL

EXPOSED PAD

69% PRINTED COVERAGE BY AREA
SCALE: 12X

4225901/A 05/2020

NOTES: (continued)

6. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
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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 ® (415)
(6)
DRV2911QRGFRQ1 ACTIVE VQFN RGF 40 3000 RoHS & Green NIPDAU Level-2-260C-1 YEAR  -40to 125 D2911Q1

@ 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: Tl 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.

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.
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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 0O O 0O 0O 0O 0O 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)
DRV2911QRGFRQ1 VQFN RGF 40 3000 330.0 16.4 525 | 725 | 145 | 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)
DRV2911QRGFRQ1 VQFN RGF 40 3000 367.0 367.0 35.0
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GENERIC PACKAGE VIEW
RGF 40 VQFN - 1 mm max height

5x 7,0.5 mm pitch PLASTIC QUAD FLAT PACK- NO LEAD

This image is a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.

4225115/A
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PACKAGE OUTLINE

RGF0040F VQFN - 1 mm max height
PLASTIC QUAD FLATPACK- NO LEAD
E 5.1 @
Bre——H—
//. 0.100 MIN
PIN 1 INDEX AREA 7.1 J
6.9 T
(0.130) »J -—
SECTION A-A
TYPICAL
1 MAX —
jL Sedotedmb itk et SEATING PLANE
8:88 . 3.740.1 ——~
[35] — == 02)TYP
13 % 20
36X[0.5 ‘ B@@@@@ ‘ i
125> I 21
T | @« 016
) \ @«
D) | |«
) ‘ q
DO 141 Cq SYMM
55| et —f— ——=F—¢ 5.7:0.1
s 55 a @ i
5O | .«
) \ @«
o) | .«
PO | g
P | —t
! | 21 03
%@@@@@Qa@ 40X 02 .
SYMM 0. 05 | q;w%’ﬂﬂ
¢ %03 L 0.05®|c 4225901/A 05/2020
NOTES:

wn

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.
The package thermal pad must be soldered to the printed circuit board for optimal thermal and mechanical performance.
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EXAMPLE BOARD LAYOUT

RGFO040F

VQFN - 1 mm max height

PLASTIC QUAD FLATPACK- NO LEAD

= (4.8)
i (3.7)
! SYMM
40X (0.6) ¢
! 40 ‘ 3
===1 | 1|4888888F
1] |
FEEE ‘ w
o |
- |
36X (0.5) T ‘
O O ‘
|
SYMM 4 |
@——%}——i——
|
oo l—d
|
(R0.05) TYP ‘
P
(2 0.2) VIA 13 !
TYP 2X (0.625) —a—efe— =] 2X(
LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE: 12X
0.07 MIN
0.07 MAX
ALL AROUND ﬂh ALL AROUND WE‘
-~ METAL = SOLDER MASK
.~ l fr/ OPENING
SOLDER MASK
EX?A%STEA? 7 OPENING EXPOSED METAL UNDER
METAL SOLDER MASK
NON SOLDER MASK
DEFINED SOLDER MASK
(PREFERRED) DEFINED
SOLDER MASK DETAILS 4225901/A  05/2020

NOTES: (continued)

4. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature
number SLUA271 (www.ti.com/lit/slua271).
5. Vias are optional depending on application, refer to device data sheet. If any vias are implemented, refer to their locations shown

on this view. It is recommended that vias under paste be filled, plugged or tented.
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EXAMPLE STENCIL DESIGN
RGFO040F VQFN - 1 mm max height
PLASTIC QUAD FLATPACK- NO LEAD

B (4.8)
40X (0.6) ‘ SYSIM 12X (1.05)
. ﬂ tuNaRuRnlinsfin e/ E— .
1 L - ( 41 ‘ . L —
36X (0.5) I 12X :1.15)
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X

2X
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(R0.05) TYP T/ T 1 "
12 e =~
METAL TYP

L—+ 2X (1.25)

TeAEEHG——— ~

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL

EXPOSED PAD

69% PRINTED COVERAGE BY AREA
SCALE: 12X

4225901/A  05/2020

NOTES: (continued)

6. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATA SHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, regulatory or other requirements.

These resources are subject to change without notice. Tl grants you permission to use these resources only for development of an
application that uses the Tl products described in the resource. Other reproduction and display of these resources is prohibited. No license
is granted to any other Tl intellectual property right or to any third party intellectual property right. Tl disclaims responsibility for, and you
will fully indemnify Tl and its representatives against, any claims, damages, costs, losses, and liabilities arising out of your use of these
resources.

TI's products are provided subject to TI's Terms of Sale or other applicable terms available either on ti.com or provided in conjunction with
such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable warranties or warranty disclaimers for
TI products.

Tl objects to and rejects any additional or different terms you may have proposed.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2024, Texas Instruments Incorporated
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