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DRV8334-Q1 Automotive 24/12V Battery 3-Phase Gate Driver Unit with accurate
current sensing and enhanced diagnostics

1 Features

* AEC-Q100 qualified for automotive applications.
Temperature options:
— DRV8334EPHP: —-40°C to +150°C, Ta
— DRV8334QPHP: —40°C to +125°C,Tp
* Three phase half-bridge gate driver
— Dirives six N-channel MOSFETs (NMOS)
— 4.5 to 60V wide operating voltage range
— Bootstrap architecture for high-side gate driver
— Strong GVDD charge pump to support up to
50mA average gate switching current enables
driving 400nC MOSFETSs at 20kHz
— Trickle charge pump to support 100% PWM
duty cycle and to generate overdrive supply to
drive external protection circuits
+ Smart Gate Drive architecture
— 45-level configurable peak gate drive current up
to 1000 / 2000mA (source / sink)
— Three-step dynamic drive current control
— Configurable soft shutdown to minimize
inductive voltage spikes during overcurrent
shutdown
* Low-side Current Sense Amplifier
— Sub-1mV low input offset across temperature
— 9-level adjustable gain
» SPI-based detailed configuration and diagnostics
*  DRVOFF pin to disable driver independently
» High voltage wake up pin (hNSLEEP)
* 06X, 3x, 1x, and Independent PWM Modes
» Supports 3.3V, and 5V Logic Inputs
» Optional programmable OTP for reset settings
* Integrated protection features
— Battery and power supply voltage monitors
— Phase feedback comparator
— MOSFET Vpg and Rgense OVer current monitors
— MOSFET Vgg gate fault monitors
— Device thermal warning and shutdown
— Fault condition indicator pin

2 Applications

* Fuel, Water and Oil Pumps

* Automotive Fans and Blowers

* Automotive Body Motors

* Transmission Actuators

¢ Automotive BLDC and PMSM motors

3 Description

The DRV8334-Q1 is an integrated smart gate driver
for 12V and 24V automotive three-phase BLDC
applications. The device provides three half-bridge
gate drivers, each capable of driving high-side and
low-side N-channel power MOSFETs. The DRV8334-
Q1 generates the correct gate drive voltages using
an integrated bootstrap diode and a GVDD charge
pump. The Smart Gate Drive architecture supports
configurable peak gate drive current from 0.8mA up
to 1A source and 2A sink. The DRV8334-Q1 can
operate from a single power supply with a wide input
range of 4.5 to 60V. A trickle charge pump enables
100% PWM duty cycle control, and provides overdrive
supply voltage for external switches.

The DRV8334-Q1 provides low-side current sense
amplifiers to support resistor based low-side current
sensing. The low offset of the amplifiers enables the
system to obtain precise motor current measurement.

A wide range of diagnostics and protection features
integrated in the DRV8334-Q1 enable a robust motor
drive system design and help eliminate the needs
of external components. The highly configurable
device response allows the device to be integrated
seamlessly into a variety of system designs.

Package Information

PART PACKAGE(") |PACKAGE BODY SIZE
NUMBER SIZE®) (NOM)
DRV8334-Q1 HTQFP (48) 9mm x 9mm 7mm x 7mm
QFN (48)) 7mmx7mm | 7mm x 7mm

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

(2) The package size includes pins, where applicable.

(3) Product preview only. Contact Tl for more information.
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4 Pin Configuration and Functions
4.1 Pin Functions 48-Pin DRV8334-Q1
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Figure 4-1. DRV8334-Q1 Package 48-Pin HTQFP With Exposed Thermal Pad Top View
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Figure 4-2. DRV8334-Q1xRGZ Package 48-Pin QFN (Preview) With Exposed Thermal Pad Top View

Table 4-1. Pin Functions 48-QFP and 48-QFN(Preview)

PIN
/o™ DESCRIPTION
NAME NO.
GLC 1 (0] Low-side gate driver output. Connect to the gate of the low-side power MOSFET.
SLC 2 | Low-side source sense input. Connect to the low-side power MOSFET source.
Low-side current shunt amplifier input. Connect to the low-side power MOSFET source and
SPA 3 | ) .
high-side of the current shunt resistor.
SNA 4 | Current sense amplifier input. Connect to the low-side of the current shunt resistor.
Low-side current shunt amplifier input. Connect to the low-side power MOSFET source and
SPB 5 | . .
high-side of the current shunt resistor.
SNB 6 | Current sense amplifier input. Connect to the low-side of the current shunt resistor.
Low-side current shunt amplifier input. Connect to the low-side power MOSFET source and
SPC 7 | . . .
high-side of the current shunt resistor.
SNC 8 | Current sense amplifier input. Connect to the low-side of the current shunt resistor.
DRVOFF 9 | Active high shutdown input to pull-down gate driver outputs GHx and GLx.
AGND 10 PWR Device ground.
INHA 11 | High-side gate driver control input. This pin controls the output of the high-side gate driver.
Low-side gate driver control input. This pin controls the output of the low-side gate driver.
INLA 12 1/0 This pin can be configured to output buffer of phase comparator by SPI register bit
PHC_OUTEN.
INHB 13 High-side gate driver control input. This pin controls the output of the high-side gate driver.
Low-side gate driver control input. This pin controls the output of the low-side gate driver.
INLB 14 1/0 This pin can be configured to output buffer of phase comparator by SPI register bit
PHC_OUTEN.
INHC 15 High-side gate driver control input. This pin controls the output of the high-side gate driver.
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Table 4-1. Pin Functions 48-QFP and 48-QFN(Preview) (continued)

PIN
S i /o™ DESCRIPTION

Low-side gate driver control input. This pin controls the output of the low-side gate driver.

INLC 16 1/0 This pin can be configured to output buffer of phase comparator by SPI register bit
PHC_OUTEN.

SDO 17 (0] Serial data output.

SDI 18 | Serial data input.

SCLK 19 | Serial clock input.

nSCS 20 | Serial chip select.

nSLEEP 21 | Gate driver nSLEEP. When this pin is logic low the device goes to a low-power sleep
mode.

nFAULT 29 oD Z;L;I:rigtljgﬁtlzgcar:tspi);tc.’:his pin is pulled logic low during a fault condition and requires an

VREF 23 PWR External voltage reference for current sense amplifiers.

SOC 24 (0] Current sense amplifier output.

SOB 25 (0] Current sense amplifier output.

SOA 26 (0] Current sense amplifier output.

GND 27 PWR Device ground

CPL 28 PWR Charge pump switching node. Connect a flying capacitor between the CPH and CPL pins.

CPH 29 PWR Charge pump switching node. Connect a flying capacitor between the CPH and CPL pins.

GVDD 30 PWR gztg gir:]v:r power supply output. Connect a GVDD-rated ceramic between the GVDD and

PVDD 31 PWR Gate driver power supply input. Connect to thg bridge power supply. Connect a PVDD-
rated ceramic between the PVDD and GND pins.

CPTL 32 PWR 'IC':rlgc_II_(II_ea%tLa?sTp;r;i;rzss.wnchlng node. Connect a charge pump flying capacitor between

CPTH 33 PWR '(I':rlgc_llfll_eacnr:ja?:_rp:r;i;r)]ss.wuchlng node. Connect a charge pump flying capacitor between

VCP 34 PWR ;I'/Bc;f”(\:lh;:%e. pump storage capacitor. Connect a ceramic capacitor between VCP and

VDRAIN 35 PWR High-side drain sense and charge pump power supply input.

BSTA 36 (0] Bootstrap output pin. Connect a bootstrap capacitor between BSTA and SHA

SHA 37 | High-side source sense input. Connect to the high-side power MOSFET source.

GHA 38 (0] High-side gate driver output. Connect to the gate of the high-side power MOSFET.

GLA 39 (0] Low-side gate driver output. Connect to the gate of the low-side power MOSFET.

SLA 40 | Low-side source sense input. Connect to the low-side power MOSFET source.

SLB 41 | Low-side source sense input. Connect to the low-side power MOSFET source.

GLB 42 (0] Low-side gate driver output. Connect to the gate of the low-side power MOSFET.

GHB 43 (0] High-side gate driver output. Connect to the gate of the high-side power MOSFET.

SHB 44 | High-side source sense input. Connect to the high-side power MOSFET source.

BSTB 45 (0] Bootstrap output pin. Connect a bootstrap capacitor between BSTB and SHB

BSTC 46 (0] Bootstrap output pin. Connect a bootstrap capacitor between BSTC and SHC

SHC 47 | High-side source sense input. Connect to the high-side power MOSFET source.

GHC 48 (0] High-side gate driver output. Connect to the gate of the high-side power MOSFET.

PAD N/A N/A Exposed pad. Co_nnect to the_GND plane with_ the_ best he_at sinking ability. This pad is not
used as an electrical connection to GND for circuit operation.

(1) Signal Types: | = Input, O = Output, /0O = Input or Output., PWR = Power
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5 Specification

5.1 Absolute Maximum Ratings

over operating temperature range (unless otherwise noted)("

MIN MAX| UNIT
Power supply pin voltage PVDD -0.3 65 \Y
High-side MOSFET drain pin voltage VDRAIN -0.3 65 \Y
Voltage difference between ground pins AGND, GND -0.3 0.3 V
Charge pump pin voltage CPH -0.3  Vgvwpp +0.3 \
Charge pump pin voltage chL -0.3 Vevop + 0.9 V
CPL, Veypp < Vevop Vpvpp + 0.6
Trickle Charge pump high-side pin voltage CPTH -0.3 80 \%
Trickle Charge pump low-side pin voltage CPTL -0.3 Vypran +0.3 \Y
Trickle Charge pump output pin voltage VCP -0.3 80 V
Gate driver regulator pin voltage Vgvpp GVDD -0.3 18 V
Logic pin voltage nSLEEP -0.3 65 V
Logic pin voltage DRVOFF -0.3 65 V
Logic pin voltage Lhél—cl:xs INLx, nFAULT, SCLK, SDO, SDlI, 0.3 6.5 v
Logic pin voltage 'n"é%XS’ ':NT';’;h 2:?1[{“ SCLK, SDO, SDI, 0.3 70 Vv
BSTx, Continuous -0.3 80 \Y
Bootstrap pin voltage BSTx with respect to SHx -0.3 20 \Y
BSTx with respect to GHx -0.3 20 V
BSTx, Transient (500 ns), Assumed
Bootstrap pin transient current external component Rgst = 2Q and 3.5 A
condition V(RgsT) = -7V,
High-side gate drive pin voltage GHx, Continuous -8 80 V
High-side gate drive pin voltage GHx, Transient 1us -15 80 V
High-side gate drive pin voltage with respect to SHx GHx - SHx -0.3 BSTx + 0.3 \Y
High-side source pin voltage SHx, Continuous -8 70 \%
High-side source pin voltage SHXx, Transient 1us -15 72 \%
Low-side gate drive pin voltage GLx with respect to SLx (LSS) -0.3 20 \Y
Low-side gate drive pin voltage ?/LX with respect to GVDD, Ve - 0.3 Y
evob if Veix > Vevop
Low-side gate drive pin voltage GLx, Continuous -8 20 V
Low-side gate drive pin voltage GLx, Transient 1us -15 20 V
Low-side source sense pin voltage SLx, Continuous -8 Vevbp V
Low-side source sense pin voltage SLx, Transient 1us -15 Vevbp V
Gate drive current GHx, GLx Inf_eimi?élz In;t_eimi?élc}j/ A
Reference input pin voltage VREF -0.3 6 \%
Shunt amplifier input pin voltage SNx, SPx, Continuous -5 5 \Y
Shunt amplifier input pin voltage SNx, SPx, Transient 1us -15 15 \Y
Shunt amplifier output pin voltage SOx -0.3 VREF + 0.3 V
Power supply transient voltage ramp PVDD, VDRAIN, VREF 3| Vl/us
High-side source slew rate ::EEEESZXA|;/ﬁanz SEZ\ABLE_DRV = 1b 4| Vins
Ambient temperature, Tp Ambient temperature, Tp —40 125 °C
Junction temperature, T, Junction temperature, T, —40 150 °C
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over operating temperature range (unless otherwise noted)(")

MIN

MAX

UNIT

Storage temperature, Tgg

—65

150

°C

M

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
Human body model (HBM), per AEC Q100-002(") 2000
Electrostatic HBM ESD Classification Level 2
Vieso) | gisch - c [ +750 v
Ischarge Charged device model (CDM), per AEC Q100-011 orner pins *
CDM ESD Classification Level C4B Other pins +500
(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 temperature range (unless otherwise noted)
MIN NOM MAX| UNIT
PVDD
Full device functionality. Operation at
Vvm Power supply voltage PVDD = 4.5V only when coming from 4.5 60 \Y
higher PVDD. Minimum PVDD for
startup = 4.85V
PVDD, Logic and SPI functional after
. . battery falling from min PVDD for startup
Vym Power supply voltage for logic operation (during battery cranking after coming 4.0 60 \Y
from full device functionality)
VVDRAIN High-side MOSFET Drain voltage VDRAIN, Full functionality 4.5 60 \Y
VDRAIN, Limited functionality (VDS
VVDRAIN High-side MOSFET Drain voltage monitor). GVDD, TCP/VCP, BST and 0 60 V
Gate drivers are functional.
Vv Bootstrap pin voltage with respect to nSLEEP = High, PWM switching, Gate 3.9 20 Vv
BST SHx Driver functional (1) :
lvep VCP external load VCP, PVDD < 8V 3 mA
lyep VCP external load VCP, PVDD > 8V 5 mA
VN Logic input voltage DRVOFF, INHx, INLx 0 5.5 \%
VN Logic input voltage nSLEEP, 60 \Y
VN Logic input voltage SCLK, SDI, nSCS 5.5 \Y
Vob Open drain pullup voltage nFAULT 5.5 \Y
lob Open drain output pull-up resistor nFAULT 5 KQ
lob Open drain output current SDO, PHC, DC condition -1 mA
| Total average gate-drive current (Low | | 50 mA
s Side and High Side Combined) Ghx- 1GLx
Vyrer Current sense amplifier reference VREF 3 55 Vv
voltage
VsL DC voltage of SLx SLx pin, DC condition -2 2 \%
Current sense input common mode
Vem_csa voltage SP, SN -2 2 \
. . Operating ambient temperature o
Ta Operating ambient temperature DRV8334Q device variant -40 125 C
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over operating temperature range (unless otherwise noted)

MIN NOM MAX| UNIT
T Operating ambient temperature (Grade |Operating ambient temperature _40 150 oc
A 0) DRV8334E device variant
I . Operating junction temperature o
T, Operating junction temperature DRV8334Q device variant -40 150 C
T Operating junction temperature (Grade |Operating junction temperature _40 175 oc
J 0) DRV8334E device variant

(1) Vastneeds to be reviewed by users with over / under voltage detection threshold Vgst ov/Vest uv as well as the requirements of
external MOSFET .

5.4 Thermal Information

DRV8334-Q1 DRV8334-Q1
THERMAL METRIC(") PHP (QFP) RGZ (QFN) PREVIEW UNIT
48 PINS 48 PINS
Rgya Junction-to-ambient thermal resistance 27.0 23.7 °C/W
Reauc(top) Junction-to-case (top) thermal resistance 15.6 11.6 °C/W
Reus Junction-to-board thermal resistance 11.0 6.5 °C/W
Wr Junction-to-top characterization parameter 0.2 0.2 °C/W
Y Junction-to-board characterization parameter 10.9 6.5 °C/W
Reuc(bot) Junction-to-case (bottom) thermal resistance 1.1 1.2 °C/W

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

5.5 Electrical Characteristics
4.5V <Vpypps60V,—40°C<T;< (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
POWER SUPPLIES (PVDD)

VPVDD =12 V, nSLEEP = 0, TA =

IpvDDQ PVDD sleep mode current 25°C, Ipyppa = PVDD + VDRAIN 7 101 pA
Ipvoba PVDD sleep mode current \Z/gl’gD I:Pjgo\;’ Sik/EDEg +=\?I£);/,\AI=N 8 12| pA
lpvbpa PVDD sleep mode current Vevop = < 36V, nSLEEP =0, levoa = 9 30| pA

PVDD + VDRAIN

Vpevop = 24 V, nSLEEP = HIGH, INHx =
IpvbD PVDD active mode current INLX = Low. No FETs connected, Ipypp 25 38 mA
= PVDD + VDRAIN, Vpran = 24 V

Vpypp = 60V, nSLEEP = HIGH, INHx =
INLX = Low. No FETs connected, Ipypp
lpvDD PVDD active mode current = PVDD + VDRAIN, Vprain =60V, 26 40 mA
VCP_MODE = 00b, 01b, 11b

Vpyvpp = 24 V, nSLEEP = HIGH, INHx
lpvDbD PVDD active mode current = INLX = Switching@20kHz, No FETs 25 38 mA
connected, lpypp = PVDD + VDRAIN

Vpypp = 60V, nSLEEP = HIGH, INHx
= INLX = Switching@20kHz. No FETs

lpvpD PVDD active mode current connected, Ipypp = PVDD + VDRAIN, 26 40 mA
Vprain = 60 V, VCP_MODE = 00b, 01b,
11b
nSLEEP = Low to High; nFAULT goes
twaAKE Turn-on time High. 1 5 ms
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4.5V <Vpypps60V,—40°C<T;< (unless otherwise noted)

3mA,;

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
LOGIC-LEVEL INPUTS (INHx, INLx, nSLEEP etc)
Vi Input logic low voltage 0.8 \Y
\m Input logic high voltage 21 \Y
Vhys Input hysteresis 200 330 450 mV
Vi DRVOFF input logic low voltage DRVOFF 0.8 V
Vin DRVOFF input logic high voltage DRVOFF 2.1 \Y
Vhys DRVOFF input hysteresis DRVOFF 190 350 600 mV
Rpp Input pulldown resistance To GND; INHXx, INLx, SCLK, SDI 50 100 150 kQ
Rpp Input pulldown resistance nSLEEP, DRVOFF 460 800 1700 kQ
M Input logic low current gla,:vo V; nSCS (internal pull up); VIO = 11 33 66 pA
I Input logic low current \5/\'/= 0'V; nSCS (internal pull up); VIO = 25 50 100 pA
IiH Input logic high current V), =5V, INHx/INLx/SDI/SCLK 30 50 70 pA
Vi nSleep input logic high voltage 2.1 \%
Vi nSleep input logic low voltage 0.8 V
Vyyst nSleep input logic hysteresis 0.1 \%
LOGIC-LEVEL OUTPUTS (nFAULT, SDO, PHCx)
VoL Output logic low voltage Ibout = 1 mA, PHCOMP 0.5 \%
VoL Output logic low voltage Ibout =1 mA, SDO 0.5 \Y
VoH Output logic high voltage Ibout = 1 mA, SDO, 3.3V mode 2.7 3.3 3.6 \Y
Von Output logic high voltage I\?OUT =>14mA’ PHCOMP, 5V mode; 4.0 5 55 \Y
pvop 2 4.5V
Von Output logic high voltage '4023; = 1mA, SDO, 5V mode; Vevop 2 4.0 5 55V
Lo Ibout = 1 mA, SDO, 5V mode; 4V
Vou Output logic high voltage Vpyop < 4.5V 3.6 3.8 4.5 V
nFAULT : Force nFAULT = 5V, no fault
Lo event, nSLEEP = High
loz Output logic high current SDO : Force Vgpo = 5V, nSCS = High or -12 25 MA
nSLEEP = Low
L SDO : Force Vgpo = 0V, nSCS = High or _
loz Output logic high current nSLEEP = Low 12 10 MA
CHARGE PUMP (GVDD, VCP)
GVDD Gate driver regulator voltage 22V =Vpypp; les <50 mA 1.5 13.5 v
(LDO mode) 18 V Vpypp £ 22 V; Igs < 50 mA 11.5 13.5 Y
Z'ZVSVPVDDS18 V, IGS=50 mA, IVCP 15 13.5 Vv
=5mV
Vavbd ?5 V <Vpypps7.2V; IGS <20 mA; |ch 15 13.5 v
GVDD Gate driver regulator voltage =3mA
(Charge pump mode) 5V <Vpypp < 6.5 V; Igs < 20 MA; lycp =
9 13 \
3mA
4.5V sVpypps5V;Ilgs<20 mA, lycp = 8 10 v
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4.5V <Vpypps60V,—40°C<T;< (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Vivep = Vvep - vbrai; 13.52 GVDD 2 95 135
1 V; VDRAIN > 45V, IVCF’ 5 mA; ' ’
vV VCP charge pump voltage (with respect |Vycp = V(vcp - vorainy ; 9V < GVDD < 8.3 1 Vv
vee to VDRAIN) 11V; Vpran > 4.5V, lycp = 3 mA; :
Vivep = V(vep - vbraiN) ; 8V < GVDD < 736 9
9V; Vprain > 4.5Y; lycp = 3 MA; ’
VBST—SHX =5V ,|NHX = INLx = Low. Tj
t VCP charge pump bootstrap cap pre- =150C, lycp = 3mA; Cycp = 1.5uF; 17 3 ms
BST_PRECHG | charge time CpsT = 1.5uF (each phase), Cycp Fiy = :
1UF; VPVDD =45V
Vv BST monitor voltage for VCP to stop INLx = 0; SHx = 0, VDRAIN; VDRAIN 120 13.2 146 v
BST_TCPOFF | charging the BST cap (rising voltage) = PVDD = 12V, 60V, : : '
BOOTSTRAP DIODES
lsoot = 100 A 0.55 0.85
Vsootd Bootstrap diode forward voltage \%
lsoor= 10 mA 0.85 1.1
VBootd Bootstrap diode forward voltage IsooT= 100 mA.T; < 150°C 1.6 \%
Reoorp | 2o0tstrap dynamic resistance lsoor = 100 mA and 50 mA. T, < 150C 6.6 91| @
(AVpooTo/AlgooT)
GATE DRIVERS (GHx, GLx, SHx, SLx)
IGLx = 10mA, GLx - SLx; IDRVN =
VGL_L Low-side Low-level output voltage 100100b: IHOLD_SEL = 0b; Vgypp = 0 0.2 Vv
12V,
IGLx = 10mA, GVDD - GLx ; IDRVP =
VGL_H Low-side High-level output voltage 100100b ; IHOLD_SEL = 0b; Vgypp = 0 0.2 \%
12V,
IGHx = 10mA, GHx - SHx; IDRVN =
VGH_L High-side Low-level output voltage 100100b ; IHOLD_SEL = 0b; Vgvpp = 0 0.2 \%
12V,
IGHx = 10mA, BSTx - GHx; IDRVP =
VGH_H High-side High-level output voltage 100100b ; IHOLD_SEL = 0b; Vgvpp = 0 0.2 \%
12V,
. R . GLx to SLx; nSLEEP = Low, Vg« - Vs1x
Rppsa Ls Low side semi active pull down resistor | _ 2V, GVDD (BSTx-SHx) > 2V 2 3 4.3 kQ
. . R . GHx to SHx; nSLEEP = Low, Vg -
Rppsa Hs High side semi active pull down resistor Vst = 2V, GVDD (BSTx-SHx) > 2V 7 9 12 kQ
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4.5V <Vpypps60V,—40°C<T;< (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
IDRVN=000000b; VGSx = 5V; BST-SHx 0.85
=GVDD =12V '
IDRVN=000001b; VGSx = 5V; BST-SHx 192
=GVDD =12V ’
IDRVN=000010b; VGSx = 5V; BST-SHx 16
=GVDD =12V ’
IDRVN=000011b; VGSx = 5V; BST-SHx 20
=GVDD =12V ’
IDRVN=000100b; VGSx = 5V; BST-SHx 24
=GVDD =12V ’
IDRVN=000101b; VGSx = 5V; BST-SHx 3.0
=GVDD =12V ’
IDRVN=000110b; VGSx = 5V; BST-SHx 36
=GVDD =12V ’
IDRVN=000111b; VGSx = 5V; BST-SHx 4.2
=GVDD =12V ’
IDRVN=001000b; VGSx = 5V; BST-SHx 47
=GVDD =12V ’
IDRVN=001001b; VGSx = 5V; BST-SHx 5.7
=GVDD =12V ’
IDRVN=001010b; VGSx = 5V; BST-SHx 6.7
=GVDD =12V ’

IbrRVN Peak sink gate current mA
IDRVN=001011b; VGSx = 5V; BST-SHx 78
=GVDD =12V ’
IDRVN=001100b; VGSx = 5V; BST-SHx 8.8
=GVDD =12V ’
IDRVN=001101b; VGSx = 5V; BST-SHx 10
=GVDD =12V
IDRVN=001110b; VGSx = 5V; BST-SHx 15
=GVDD =12V ’
IDRVN=001111b; VGSx = 5V; BST-SHx 13
=GVDD =12V
IDRVN=010000b; VGSx = 5V; BST-SHx 14
=GVDD =12V
IDRVN=010001b; VGSx = 5V; BST-SHx 17
=GVDD =12V
IDRVN=010010b; VGSx = 5V; BST-SHx 19
=GVDD =12V
IDRVN=010011b; VGSx = 5V; BST-SHx 26
=GVDD =12V
IDRVN=010100b; VGSx = 5V; BST-SHx 29
=GVDD =12V
IDRVN=010101b; VGSx = 5V; BST-SHx 32
=GVDD =12V
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PARAMETER

TEST CONDITIONS

MIN TYP MAX| UNIT

IDrRVN Peak sink gate current

IDRVN=010110b; VGSx = 5V; BST-SHx
=GVDD = 12V

37

IDRVN=010111b; VGSx = 5V; BST-SHx
=GVDD = 12V

43

IDRVN=011000b; VGSx = 5V; BST-SHx
=GVDD = 12V

49

IDRVN=011001b; VGSx = 5V; BST-SHx
=GVDD = 12V

58

IDRVN=011010b; VGSx = 5V; BST-SHx
= GVDD =12V

77

IDRVN=011011b; VGSx = 5V; BST-SHx
= GVDD =12V

92

IDRVN=011100b; VGSx = 5V; BST-SHx
= GVDD =12V

100
mA

IDRVN=011101b; VGSx = 5V; BST-SHx
=GVDD = 12V

120

IDRVN=011110b; VGSx = 5V; BST-SHx
=GVDD = 12V

140

IDRVN=011111b; VGSx = 5V; BST-SHx
=GVDD = 12V

155

IDRVN=100000b; VGSx = 5V; BST-SHx
=GVDD = 12V

175

IDRVN=100001b; VGSx = 5V; BST-SHx
=GVDD = 12V

210

IDRVN=100010b; VGSx = 5V; BST-SHx
= GVDD =12V

240

IDRVN=100011b; VGSx = 5V; BST-SHx
= GVDD =12V

270

IbrvP Peak source gate current

IDRV_CFG = 0Ob; IDRV_RATIO = 00b;
IDRVN = 00000b to 100011b ; VGSx =
5V; BST-SHx = GVDD = 12V

1*|DR\/N mA

IDRV_CFG = 0b; IDRV_RATIO = 01b;
IDRVN = 00000b to 100011b ; VGSx =
5V; BST-SHx = GVDD = 12V

0.75*Ipry
N

mA

IDRV_CFG = 0b; IDRV_RATIO = 10b;
IDRVN = 00000b to 100011b ; VGSx =
5V; BST-SHx = GVDD = 12V

O-S*IDRVN mA

IDRV_CFG = 0b; IDRV_RATIO = 11b;
IDRVN = 00000b to 100011b ; VGSx =
5V; BST-SHx = GVDD = 12V

0'25*|DRV
N

mA

IDRVN=000000b - 010011b, with respect
to TYP

-55 +55 %

IDRVN_VAR Peak sink gate current variation

IDRVN=010011b - 100011b, with respect
to TYP

-45 +45 %
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PARAMETER

TEST CONDITIONS

MIN

TYP

MAX

UNIT

IDRVN

Peak sink gate current - switch mode

IDRVN=100100b; VGSx (GHx-SHx,
GLx-SLx) = 12V; BST-SHx = GVDD =
12V. SGD_TMP_EN = 1b

370

600

980

mA

IDRVN=100101b; VGSx (GHx-SHx,
GLx-SLx) = 12V; BST-SHx = GVDD =
12V. SGD_TMP_EN = 1b

440

700

1050

mA

IDRVN=100110b; VGSx (GHx-SHx,
GLx-SLx) = 12V; BST-SHx = GVDD =
12V. SGD_TMP_EN = 1b

500

795

1250

mA

IDRVN=100111b; VGSx (GHx-SHx, GLx-
SLx) = 12V; BST-SHx = GVDD =
12V. SGD_TMP_EN = 1b

580

910

1365

mA

IDRVN=101000b; VGSx (GHx-SHx,
GLx-SLx) = 12V; BST-SHx = GVDD =
12V. SGD_TMP_EN = 1b

720

1090

1600

mA

IDRVN=101001b; VGSx (GHx-SHx,
GLx-SLx) = 12V; BST-SHx = GVDD =
12V. SGD_TMP_EN = 1b

820

1255

1820

mA

IDRVN=101010b; VGSx (GHx-SHx,
GLx-SLx) = 12V; BST-SHx = GVDD =
12V. SGD_TMP_EN = 1b

910

1455

2200

mA

IDRVN=101011b; VGSx (GHx-SHX,
GLx-SLx) = 12V; BST-SHx = GVDD =
12V. SGD_TMP_EN = 1b

1000

1685

2500

mA

IDRVN=101100b; VGSx (GHx-SHX,
GLx-SLx) = 12V; BST-SHx = GVDD =
12V. SGD_TMP_EN = 1b

1080

2000

2600

mA

IDRVP

Peak source gate current - switch mode

IDRVP=100100b; VGSx (GHx-SHx,
GLx-SLx) = 0V; GVDD = 12V

160

300

450

mA

IDRVP=100101b; VGSx (GHx-SHX,
GLx-SLx) = 0V; GVDD = 12V

160

320

480

mA

IDRVP=100110b; VGSx (GHx-SHx, GLx-
SLx) = 0V; GVDD = 12V

200

380

570

mA

IDRVP=100111b; VGSx (GHx-SHx, GLx-
SLx) = 0V; GVDD = 12V

215

430

645

mA

IDRVP=101000b;VGSx (GHx-SHx, GLx-
SLx) = 0V; GVDD = 12V

250

500

750

mA

IDRVP=101001b;VGSx (GHx-SHx, GLx-
SLx) = 0V; GVDD = 12V

300

600

850

mA

IDRVP=101010b; VGSx (GHx-SHX,
GLx-SLx) = 0V; GVDD = 12V

360

700

970

mA

IDRVP=101011b; VGSx (GHx-SHx, GLx-
SLx) = 0V; GVDD = 12V

400

800

1150

mA

IDRVP=101100b; VGSx (GHx-SHx, GLx-
SLx) = 0V; GVDD = 12V

500

1000

1300

mA

lHoLp_Pu

Gate pull up hold current

IHOLD_SEL = 1b; BST-SHx = GVDD =
12V.

150

250

400

mA

IHoLD_pu

Gate pull up hold current

IHOLD_SEL = 0Ob; BST-SHx = GVDD =
12V.

330

560

900

mA

lHoLD_PD

Gate pull down hold current

IHOLD_SEL = 1b; BST-SHx = GVDD =
12V.

140

267

480

mA

lHoLD_PD

Gate pull down hold current

IHOLD_SEL = 0b; BST-SHx = GVDD =
12V.

580

1100

1500

mA
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4.5V <Vpypps60V,—40°C<T;< (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
GHx-SHx = 12V (High side) or GLx =
IsTRONG Gate pull down strong current 12V (Low Side); BST-SHx = GVDD = 1000 2000 2800 mA
12V.

GATE DRIVER TIMINGS (GHx, GLx)

INHx, INLx to GHx, GLx. IDRVN =
Input to output propagation delay IDRVP = 101000b ; After INHx/INLx

teo GHx/GLx falling falling edge to VGS = VGHS/VGLS — 1 %0 150 ns
V; Vevop = Vestx-shx 2 8V
INHx, INLx to GHx, GLx. IDRVN =
t Input to output propagation delay IDRVP = 011101b ; After INHx/INLx 110 150 ns
PD GHx/GLx falling falling edge to VGS = VGHS/VGLS -1
V; Vevop = VesTx-sHx 2 8V
INHx, INLx to GHx, GLx. IDRVN =
t Input to output propagation delay IDRVP = 101000b; After INHx/INLx 20 152 ns
PD GHx/GLx rising rising edge to VGS =1 V; Vgyop =
VBsTx-sHx 2 8V
Input to output propagation delay INHx, INLx to GHx, GLX'IDR\./N = IDRVP
trp GHX/GLX rising = 011101b; After INHx/INLx rising edge 100 150 ns
to VGS =1 V; Vgypp = VesTx.sHx = 8V
Rev2p0 new
DRV_BIAS_MODE = 01b
¢ Input to output propagation delay INHXx, INLx to GHx, GLx. IDRVN = 60 170 ns
PD GHx/GLx rising IDRVP = 101000b; After INHx/INLx
rising edge to VGS =1 V; Vgvpp =
VBsTx-sHx 2 8V
Rev2p0 new
DRV_BIAS_MODE = 10b, 11b
t Input to output propagation delay INHx, INLx to GHx, GLx. IDRVN = 100 220 ns
PD GHx/GLx rising IDRVP = 101000b; After INHx/INLx

rising edge to VGS =1V, Vgypp =
VBsTx-sHx 2 8V
GHx turning OFF to GLx turning

tPD_match Matching propagation delay per phase |ON, GLx turning OFF to GHXx turning -150 10 150 ns
ON; Vevop = VesTx-sHx 2 8V

GHx/GLx turning ON to GHy/GLy turning

Matching propagation delay phase to

tPD_match hase ON, GHx/GLx turning OFF to GHy/GLy -50 10 50 ns
P turning OFF; Vavop = VasTxstx = 8V
Typical value. TDRVP (TDRVN) = 0000b
tbrRIVE Peak current gate drive time - 1111b. Refer to register map TDRNP 140 3821 ns
and TDRVN.
N s With respect to typical value. TDRVP } o
torRIVE_v Peak current gate drive time variation (TDRVN) = 0000b - 1111b 20 20 %
DEADTIME = 000b; 30 70 130 ns
DEADTIME = 001b; 170 214 300 ns
DEADTIME = 010b 230 286 380 ns
DEADTIME = 011b 420 500 640 ns
tbeAD Digital Gate drive dead time
DEADTIME = 100b 640 750 930 ns
DEADTIME = 101b 880 1000 1280 ns
DEADTIME = 110b 1270 1500 1820 ns
DEADTIME = 111b 1700 2000 2400 ns
CURRENT SHUNT AMPLIFIERS (SNx, SOx, SPx, VREF)
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4.5V <Vpypps60V,—40°C<T;< (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
CSAGAIN = 0000b 5 VIV
CSAGAIN = 0001b; 10 VIV
CSAGAIN = 0010b 12 VIV
CSAGAIN =0011b 16 VIV
Acsa Sense amplifier gain CSAGAIN =0100b 20 VIV
CSAGAIN = 0101b 23 VIV
CSAGAIN = 0110b 25 VIV
CSAGAIN = 0111b 30 VIV
CSAGAIN = 1000b 40 VIV
All CSAGAIN setting
EAcsa Sense amplifier gain error Vevop > 7.2V (this GVDD condition is -0.55 0.55 %
applied to all CSA items)
I Vstep = 1.6 V, Acsa =5 VIV, Rgo =
0,
tseT Settling time to £1% 1600, Ceo = 470pF ; VREF = 5V/3V 0.6 1.6 us
tegr Settling time to 1% Vstep = 1.6V, Acsa = 10 VIV, Cronp = 0.65 15 s
470pF
. . VSTEP =16 V, ACSA =20 V/V, RSO =
0,
tseT Settling time to +1% 1600, Cs = 470pF VREF = 5V/3V 0.7 1.55 us
. . VSTEP =1.6 V, ACSA =30 V/V, RSO =
0,
tser Settling time to 1% 160Q, Cso = 470pF VREF = 5V 0.7 1.5 us
. . VSTEP =1.6 V, ACSA =30 V/V, Rso =
0,
tser Settling time to 1% 160Q, Cso, = 470pF VREF = 3V 0.7 1.6 us
. . VSTEP =1.6 V, ACSA =40 V/V, RSO =
0,
tseT Settling time to £1% 160Q, Cso = 470pF VREF = 5V 0.7 1.7 us
. . VSTEP =1.6 V, ACSA =40 V/V, RSO =
0,
tseT Settling time to £1% 160Q, Cso = 470pF VREF = 3V 0.7 1.75 us
UGB Unity Gain Bandwidth CLoap = 470pF; closed loop, BW @ 10 MHz
unity gain
BW Bandwidth closed loop, -3db, no output load 1 MHz
Vswing Output voltage range Vyrer = 310 5.5V 0.25 VV%EES_ \Y
Vcom Common-mode input range VCOM = (Vgp + Vgn) / 2 -2 2 \Y
teom,_rec Common-mode transient recovery timing | VCOM = -15V to 0V 2.9 us
VDIFr Differential-mode input range -0.3 0.3 \%
Vsp = Vgn = GND; CSAGAIN = 0000b
V Input offset voltage total (Gain 5) -0.6 0.5 mV
OFF P 9 Initial offset + Offset drift, Gain =5 : :
Vgp = Vgn = GND; CSAGAIN = 0001b -
1000b (Gain 10 - Gain 40)
Vorr Input offset voltage total Initial offset + Offset drift -0.5 0.5 mV
Vgp = Vgn = GND; temperature drift +
Vorr priFT | Input drift offset voltage aging 10.1 mV
. Vsp = VSN =GND. CSA and
Igias Input bias current SENSE_OCP total 20 100 pA
Iias_oFF Input bias current offset Isp — Isn. CSA and SENSE_OCRP total -1.5 1.5 MA
VCSAREF =33V 3 6 9.25 mA
IVREF Reference input current
Vcsarer =5V 4 7 9.5 mA
CMRR DC Common-mode rejection ratio SN/SP = -2V to 2V 60 90 dB
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4.5V <Vpypps60V,—40°C<T;< (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
CMRR Transient Common-mode rejection ratio |20KHz 60 90 dB
PSRR Power-supply rejection ratio 100 dB
tCSAAZ_INI |, .. From CSA_EN = 1b to the end of initial
T Initial CSA Auto Zero CSA Auto Zero function 26 32 38 uS
t,\?SAAZ—MI CSA Auto Zero TimeOut Period CSA_EN = 1b. INHx and INLx toggling. 170 pS
fXSAAZ—M CSA Auto Zero TimeOut Period CSA_EN = 1b. INHx=INLx= low 260 uS
Temperature Reporting
SUPPLY VOLTAGE MONITORS
VF’VDD rlsmg 4.5 4.65 4.8
VpvbD uv PVDD undervoltage lockout threshold \%
- Vpypp falling 4.05 4.2 4.35
Vevop_uv_H | pypp undervoltage lockout hysteresis | Rising to falling threshold 400 450 500 mv
Ys
trvbp_uv_pc | PVDD undervoltage deglitch time rising and falling edge 8 12 16 us
Vpypp rising; PVDD_UVW_LVL= 0b; 6.0 7 \
Vpypp falling; PVDD_ULW_LVL= 0b; 5.8 6.8 \
Vpevop uvw | PVDD undervoltage warning threshold
- Vpypp rising; PVYDD_UVW_LVL = 1b; 7.3 8.3 \
Vpypp falling; PVDD_UVW_LVL = 1b; 7.1 8.1 \
Vevop_uw_ | pypp undervoltage warning hysteresis | Rising to falling threshold 140 200 260 mv
HYS
tpvbb_uvw D E’;/ED undervoltage warning deglitch rising and falling edge 8 12 16 us
G
Vpypp rising, PVYDD_OV_LVL = 00b 28 31
Vpypp falling, PVDD_OV_LVL = 00b 27 30
Vpypp rising, PVDD_OV_LVL = 01b 33 36
VpvoD ov PVDD overvoltage threshold V
- Vpypp falling, PVDD_OV_LVL = 01b 32 35
Vpypp rising, PYDD_OV_LVL = 10b 50 55
Vpypp falling, PVDD_OV_LVL = 10b 47 52
VpvpD_ oV _H . Rising to falling
ve PVDD overvoltage hysteresis threshold PVDD_OV_LVL = 00b, 01b 0.6 0.9 1.2 \%
VpvpD_oV_H . Rising to falling
ve PVDD overvoltage hysteresis threshold PVDD_OV_LVL = 10b 2.0 2.2 2.4 \%
tpvbp_ov_pc | PVDD overvoltage deglitch time rising and falling edge 8 12 16 us
Vevpp rising - after power up 7.0 7.8 \Y
Vevop uv | GVDD undervoltage threshold Vevpp rising - power up only 7.5 8.1 \Y
VGVDD falling 6.8 7.6 V
Vevoo_uv_H | gypp undervoltage hysteresis Rising to falling threshold 185 215 245 mv
Ys
tavop_uv_pe | GVDD undervoltage deglitch time rising and falling edge 8 12 16 us
V risin 15 17
Vevop ov | GVDD overvoltage threshold GvDD g \%
- Vevpp falling 14.5 16.5
Vevop_ov_H | gypp overvoltage hysteresis Rising to falling threshold 490 560 630 mv
Ys
tevob_ov_pc | GVDD overvoltage deglitch time rising and falling edge 8 12 16 us
\=/B13t')|'x- VSHX; VBSTX rising; BST_UV_LVL 6.3 7.4 85
V Bootstrap undervoltage threshold Vv
BSTWV P 9 Veste Verg Vasty falling; BST_UV_LVL
=1b 6.1 7.2 8.3
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4.5V <Vpypps60V,—40°C<T;< (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
\=/Bosb'|'x- VSHX; VBSTX rising; BST_UV_LVL 38 4.4 5 Vv
VBsT uv Bootstrap undervoltage threshold -
- \=/Bost;|'x- VSHX; VBSTX falllng; BST_UV_LVL 3.60 4.2 4.8 V
. Rising to falling threshold
VBsT_uv_Hys | Bootstrap undervoltage hysteresis BST UV_LVL = 0b and 1b 120 200 280 mV
tssT uv_pe | Bootstrap undervoltage deglitch time rising and falling edge 4 6 8 us
Vestx- Vshx Vi risin 15.2 18
VgsT ov Bootstrap overvoltage threshold BSTX” TSHo TBST - 9 V
- Vistx- Vshx: VBsTx falllng 15 17.8
VesT_ov_Hy Bootstrap overvoltage hysteresis 110 200 260 mv
s
tsst ov pe |Bootstrap overvoltage deglitch time rising and falling edge 8 12 16 us
VCP - VDRAIN; rising 6 6.7 7.36
Vep uv VCP undervoltage threshold \
- VCP - VDRAIN; falling 5.9 6.6 7.25
tce uv pg | VCP undervoltage deglitch time rising and falling edge 8 12 16 us
VCP - VDRAIN; rising 141 171
Vep ov VCP overvoltage threshold - \%
- VCP - VDRAIN; falling 13.8 16.7
tce ov pg | VCP overvoltage deglitch time rising and falling edge 8 12 16 us
Vprain_uv | VDRAIN undervoltage threshold VyvpRrain fising 4.25 4.35 4.45 \%
Vprain_uv | VDRAIN undervoltage threshold Vypra falling 4.05 4.15 4.25 \%
VDRAIN_UV_H | DRAIN undervoltage hysteresis 160 190 210 mv
Ys
fVDRAIN_UV_D | yDRAIN undervoltage deglitch time rising and falling edge 8 12 16| us
G
Vypra fising, VDRAIN_OV_LVL = 00b 28 31 \
Vypra falling, VDRAIN_OV_LVL = 00b 27 30 \Y
Vyprain fising, VDRAIN_OV_LVL = 01b 33 36 \
VDRAINfOV VDRAIN overvoltage threshold VVDRAIN faIIing, VDRA|N_OV_LVL =01b 32 35 V
VVDRAIN rising, VDRAlN_OV_LVL =10b, 50 55 vV
11b
\1/1\/ERAIN falling, VDRAIN_OV_LVL = 10b, 48 353 v
VDRAIN_OV_H . Rising to falling threshold,
vs VDRAIN overvoltage hysteresis VDRAIN_OV_LVL = 00b, 01b 0.7 1.0 1.3 \%
VDRAIN_OV_H . Rlsmg to falllng
vs VDRAIN overvoltage hysteresis threshold, VDRAIN_OV_LVL = 10b, 11b 1.9 23 2.6 \Y
tVDRAIN_OV_ VDRAIN overvoltage deglitch time rising and falling edge 8 12 16 us
DG
PROTECTION CIRCUITS
: VeHx = VsHx VoLx — Vsix, INLX /
Ves tve H | Gate voltage monitor threshold INHx=H: VGS_LVL = 1'b1 6.9 8.5 V
: VeHx = VsHx VoLx — Vsix, INLX /
Vgs v H | Gate voltage monitor threshold INHx=H: VGS_LVL = 1'b0 5 6.3 V
Vs v L Gate voltage monitor threshold VeHx — Vshx Vaix — Vsix INLx / INHx=L 1.3 2 \%
VGS_DG = 000b 0.3 0.6 0.8 ys
VGS_DG = 001b 0.6 1.0 1.3 us
tes pG VGS gate voltage monitor deglitch time
- VGS_DG = 010b, 1.1 1.5 1.9 us
VGS_DG = 011b, VGS_DG = 1xxb 1.6 2.0 25 us
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4.5V <Vpypps60V,—40°C<T;< (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
VGS_BLK = 000b 1.7 2.25 2.9 us
VGS_BLK =001b 24 3 3.6 us
tes_BLK VGS gate voltage monitor blanking time |VGS_BLK = 010b 4.0 5 5.8 us
VGS_BLK =011b 5.9 7 8.2 us
VGS_BLK = 100b, 101b, 110b, 111b 8.6 10 11.9 us

VDS_LVL = 0000b; SLx =-0.2V to

Vps_ vt Vps overcurrent protection threshold +2.0V. VDS_CM = Ob 0.036 0.06 0.085 V
. VDS_LVL =0001b; SLx =-0.2V to

Vbs v Vpg overcurrent protection threshold +2.0V. VDS_CM = Ob 0.059 0.08 0.11 \%
VDS_LVL = 0010b; SLx = -0.2V to

Vps v Vpg overcurrent protection threshold +2.0V. VDS_CM = 0b, 0.064 0.10 0.13 \%

Vps_ v Vpg overcurrent protection threshold VDS_LVL = 0011b; SLx =-0.3V to +2.0V. 0.082 0.12 0.16 \%
VDS_LVL =0100b; SLx =-0.3V to

0.13 0.16 0.20

+2.0V.

VDS_LVL =0101b; SLx =-0.3V to

+2.0V. 0.2 0.24 0.29
VDS_LVL = 0110b; SLx =-0.3V to +2.0V. 0.27 0.32 0.385
VDS_LVL =0111b; SLx = -0.3V to +2.0V. 0.34 0.4 0.47
VDS_LVL =1000b; SLx =-0.3V to

+2.0V. 0.44 0.5 0.58

Vbs_1vL Vps overcurrent protection threshold \+/2D§\_/LV|— =1001b; SLx =-0.3V to 0.59 0.67 077 \Y

VDS_LVL = 1010b; SLx = -0.3V to

+20V. 0.75 0.83 0.96
VDS_LVL = 1011b; SLx =-0.3V to +2.0V. 0.90 1 1.15
VDS_LVL = 1100b; SLx =-0.3V to +2.0V. 1.12 1.27 1.43
VDS_LVL = 1101b; SLx =-0.3V to +2.0V. 1.35 1.53 1.71
VDS_LVL = 1110b;SLx = -0.3V to +2.0V. 1.57 1.78 1.99
VDS_LVL = 1111b;SLx = -0.3V to +2.0V. 1.79 2 2.27

VDS (comparator input voltage) from
0V to max of VDS_LVL (comparator
output rising), delay time of internal 0.5 1.0
comparator.

tDS_CMP  |VDS comparator delay - us
VDS (comparator input voltage) from

VDRAIN to min of VDS_LVL (comparator

output falling), delay time of internal 1.0 1.6
comparator.

VDS_DG = 000b 04 0.6 0.8
VDS_DG = 001b 0.7 1 1.3
VDS_DG = 010b 1.2 1.5 2.0

tos_pG Vps overcurrent deglitch VDS_DG = 011b 1.5 2 2.5 us
VDS_DG = 100b 3.3 4 48
VDS_DG = 101b 52 6 7.35
VDS_DG = 110b, 111b 6.8 8 9.2
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4.5V <Vpypps60V,—40°C<T;< (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
VDS_BLK = 000b 0 0.2
VDS_BLK =001b 0.4 0.5 0.7
VDS _BLK =010b 0.7 1 1.5
) v t blanking i VDS BLK =011b 1.4 2 2.6
overcurrent blanking time s
DS BLK bs 9 VDS_BLK = 100b 5.0 6 72| "
VDS_BLK =101b 6.8 8 9.4
VDS_BLK = 110b 8.4 10 11.9
VDS_BLK =111b 10.1 12 13.9
SNS_OCP_LVL =000b : Input common
mode voltage +/-2V 34 50 64
SNS_OCP_LVL =001b : Input common
mode voltage +/-2V 60 s 87
SNS_OCP_LVL =010b : Input common
mode voltage +/-2V 84 100 12
SNS_OCP_LVL =011b : Input common
v v ¢ threshold mode voltage +/-2V 110 125 138 v
overcurrent thresho m
SENSE_ML SENSE SNS_OCP_LVL =100b : Input common 134 150 165
mode voltage +/-2V
SNS_OCP_LVL =101b : Input common
mode voltage +/-2V 183 200 214
SNS_OCP_LVL = 110b : Input common
mode voltage +/-2V 280 300 320
SNS_OCP_LVL = 111b : Input common
mode voltage +/-2V ar4 500 525
SNS_OCP_DG = 00b 1.5 2.0 2.5
) v + deglitch i SNS_OCP_DG =01b 3.0 4.0 5.0
overcurrent deglitch time s
SENSEDG | TSENSE g SNS_OCP_DG = 10b 45 6.0 75| "
SNS_OCP_DG = 11b 8 10.0 12
Source current of SHx; PHDEN_Hx = 1b;
IpHD_SRC Phase diagnostic source current Vevop 2 8V, Vprain 2 4.5V. VDRAIN - 4.3 7.3 12
SHx =4V
mA
Sink current of SHx; PHDEN_Lx =
IPHD_SINK Phase diagnostic sink current 1b; Vevop = 8V, Vprain = 4.5V. SHx- 4.0 4.8 5.5
GND =4V
Phase comparator high level threshold
VpHe H over VDRAIN (This is a ratio to VDRAIN |PHC_THR = 0b 0.6 0.75 09| VNV
voltage)
Phase comparator high level threshold
VPHC_H over VDRAIN (This is a ratio to VDRAIN |PHC_THR = 1b 0.37 0.52 0.67| VIV
voltage)
Phase comparator low level threshold
VpHe L over VDRAIN (This is a ratio to VDRAIN |PHC_THR = 0b 0.10 0.25 0.40| VIV
voltage)
Phase comparator low level threshold
VpHc_L over VDRAIN (This is a ratio to VDRAIN |PHC_THR = 1b 0.33 0.48 0.63| VIV
voltage)
Propagation delay of phase comparator
High to Low from SHx to PHCx,
trHc_Pp_HL | Phase comparator propagation delay Cload=20pF; SHx input test condition 1.5 us
60V — 0V, From SHx = 88% to 15% of
VDRAIN
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4.5V <Vpypps60V,—40°C<T;< (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT

Propagation delay of phase comparator

Low to High from SHx to PHCx,
tpHc Pp_LH | Phase comparator propagation delay Cload=20pF; SHx input test condition 1.5 us

0V - 60V From SHx = 15% to 88% of

VDRAIN
:’HC—OUT—DE Phase comparator output deglitch time  |PHCOUT_DG_SEL = 1 0.8 1.0 14| s
Totw Thermal warning temperature T, rising, OT_LVL = 0b; 125 150 °C
Totw Thermal warning temperature (GradeO | T, rising, OT_LVL = 1b; 150 175 °C
Totw Hys | Thermal warning hysteresis 15 22 25 °C
totw_pEG Thermal warning deglitch 8 12 16 us

Thermal shutdown temperature T, rising; OT_LVL =0b 155 180 °C
Totsp Zg\«/aircrg;al shutdown temperature (Grade 0 T, rising; OT_LVL = 1b; 180 205 °c
Totsp_Hys | Thermal shutdown hysteresis 16 23 27 °C
torsp_pec | Thermal shutdown deglitch 8 12 16 us
torVN_SD Gate Drive Shutdown Sequence time 20 us
5.6 Timing Requirements
MIN NOM MAX| UNIT
tscLk SCLK minimum period 100 ns
tscLkH SCLK minimum high time 50 ns
tscLKL SCLK minimum low time 50 ns
tsu_soi SDI input data setup time 15 ns
tH_spi SDI input data hold time 25 ns
o 00 SD? output data (ielay time; SCLK high. to SDO valid (DC VOH x 70% for rise, 5 38 ns
- x30% for fall), C| = 20pF; PVDD 2 4.5V,
o 00 SD? output data d_elay tirTIe; SCLK high to SDO valid (DC VOH x 70% for rise, 5 48 ns
- x30% for fall ), C_ = 20pF; 4.5V 2 PVDD 4V

tsu_nscs nSCS input setup time 25 ns
tH_nscs nSCS input hold time 25 ns
thi_nscs nSCS minimum high time before active low 450 ns
ten_spo SDO enable delay time; nSCS low to SDO ready 50 ns
tois_spo SDO disable delay time; nSCS high to SDO high impedance 50 ns
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5.7 SPI Timing Diagrams
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Figure 5-1. SPI Slave Mode Timing Diagram
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6 Detailed Description
6.1 Overview

The DRV8334-Q1 is an integrated 4.5V to 60V gate driver for three-phase motor drive applications. The device
decreases system component count, cost, and complexity by integrating three independent half-bridge gate
drivers, trickle charge pump, and linear regulator for the supply voltages of the high-side and low-side gate
drivers. The device also integrates current shunt (or current sense) amplifiers. A standard serial peripheral
interface (SPI) provides a simple method for configuring the various device settings and reading fault diagnostic
information through an external controller.

The gate driver supports external N-channel high-side and low-side power MOSFETs and can drive up to 1A
source, 2A sink peak currents. A bootstrap capacitor generates the supply voltage of the high-side gate drive.
The supply voltage of the low-side gate driver is generated using a linear regulator GVDD from the PVDD power
supply that regulates to 12V.

A Smart Gate Drive architecture provides the ability to dynamically adjust the strength of the gate drive output
current which lets the gate driver control the VDS switching speed of the power MOSFET. This feature lets the
user remove the external gate drive resistors and diodes, reducing the component count in the bill of materials
(BOM), cost, and area of the printed circuit board (PCB). The architecture also uses an internal state machine to
protect against short-circuit events in the gate driver, control the half-bridge dead time, and protect against dV/dt
parasitic turn on of the external power MOSFET.

The DRV8334-Q1 integrates current sense amplifiers for monitoring current level through all the external half-
bridges using a low-side shunt resistor. The gain setting of the current sense amplifier can be adjusted through
SPIl commands.

In addition to the high level of device integration, the DRV8334-Q1 provides a wide range of integrated
protection features. These features include power supply under voltage lockout (PVDD UV), regulator under
voltage lockout (GVDDUV), VDS over current monitoring (VDS OCP), Rsense over current monitoring
(SNS_OCP), and over temperature shutdown (OTW and OTSD). Fault events are indicated by the nFAULT
pin.
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6.2 Functional Block Diagram
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Figure 6-1. Block Diagram of DRV8334-Q1
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6.3 Feature Description

6.3.1 Three BLDC Gate Drivers

The DRV8334-Q1 integrates three half-bridge gate drivers, each capable of driving high-side and low-side
N-channel power MOSFETs. A charge pump is used to generate the GVDD to supply the correct gate bias
voltage across a wide operating voltage range of the PVDD supply input. The low side gate outputs are driven
directly from GVDD, while the high side gate outputs are driven using a bootstrap circuit with an integrated
diode. An internal trickle charge pump (VCP) provides 100% duty cycle support and an overdrive voltage of
external switches. The half-bridge gate drivers can be used in combination to drive a three-phase motor or
separately to drive other types of loads.

6.3.1.1 PWM Control Modes

The DRV8334-Q1 provides four different PWM control modes to support various commutation and control
methods. The PWM control mode is adjustable through PWM_MODE register bits.

6.3.1.1.1 6x PWM Mode
In 6x PWM mode, the corresponding INHx and INLx signals control the output state as listed in Table 6-1.
Table 6-1. 6x PWM Mode Truth Table

INLx INHx GLx GHx Note
0 0 L L
0 1 L H
1 0 H L
Shoot
1 1 L L through
protection

6.3.1.1.2 3x PWM Mode with INLx enable control

In 3x PWM mode, the INHx pin controls each half-bridge and supports two output states: low or high. The INLx
pin is used to put both high-side and low-side gate drive outputs low. If the state is not required, tie all INLx pins
to logic high. The corresponding INHx and INLXx signals control the output state as listed in Table 6-2.

Table 6-2. 3x PWM Mode Truth Table

INLx INHx GLx GHx
0 X L L
1 0 H L
1 1 L H

6.3.1.1.3 3x PWM Mode with SPI enable control

In 3x PWM mode, the INHx pin controls output states of GHx and GLx. If SPI register bit DRVEN_x (x=A,B,C) is
0b, GHx and GLx are pulled low. INLx is not used by the device for PWM control. The corresponding INHx signal
and DRVEN_x control the output state as listed in table.

Table 6-3. 3x PWM Mode (SPI Enable Control) Truth

Table
DRVEN_x INL INHx GLx GHx
0 X X L L
1 X 0 H L
1 X 1 L H
Note

SPI register bit DRVEN_x is valid for any PWM mode settings.
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6.3.1.1.4 1x PWM Mode

In 1x PWM mode, the device uses 6-step block commutation tables that are stored internally. This feature allows
for a three-phase BLDC motor to be controlled using one PWM sourced from a simple controller. The PWM is
applied on the INHA pin and determines the output frequency and duty cycle of the half-bridges.

The half-bridge output states are managed by the INLA, INHB, and INLB pins which are used as state logic
inputs. The state inputs can be controlled by an external controller or connected directly to the digital outputs of
the Hall effect sensor from the motor (INLA = HALL_A, INHB = HALL B, INLB = HALL_C). The 1x PWM mode
usually operates with synchronous rectification (low-side MOSFET recirculation).

The INHC input controls the direction through the 6-step commutation table which is used to change the
direction of the motor when Hall effect sensors are directly controlling the state of the INLA, INHB, and INLB
inputs. Tie the INHC pin low if this feature is not required.

The INLC input brakes the motor by turning off all high-side MOSFETs and turning on all low-side MOSFETs
when the INLC pin is pulled low. This brake is independent of the state of the other input pins. Tie the INLC pin
high if this feature is not required.

Table 6-4. Synchronous 1x PWM Mode (PWM1X_COM = 0b)

LOGIC AND HALL INPUTS GATE DRIVE OUTPUTS(")
STATE INHC =0 INHC =1 PHASE A PHASE B PHASE C DESCRIPTION
INLA | INHB | INLB | INLA | INHB | INLB | GHA | GLA | GHB | GLB | GHC | GLC
Stop 0 0 0 0 0 0 L L L L L L Stop
Align 1 1 1 1 1 1 PWM | IPWM L H L H Align
1 1 1 0 0 0 1 L L PWM | IPWM L H B—C
2 1 0 0 0 1 1 PWM | IPWM L L L H A-C
3 1 0 1 0 1 0 PWM | IPWM L H L L A—B
4 0 0 1 1 1 0 L L L H PWM | IPWM C—B
5 0 1 1 1 0 0 L H L L PWM | IPWM C—A
6 0 1 0 1 0 1 L H PWM | IPWM L L B—A
(1) !PWM is the inverse of the PWM signal.
Table 6-5. Asynchronous 1x PWM Mode (PWM1X_COM = 1b)
LOGIC AND HALL INPUTS GATE DRIVE OUTPUTS
STATE INHC = 0 INHC =1 PHASE A PHASE B PHASE C DESCRIPTION
INLA | INHB | INLB | INLA | INHB | INLB | GHA | GLA | GHB | GLB | GHC | GLC
Stop 0 0 0 0 0 0 L L L L L L Stop
Align 1 1 1 1 1 1 PWM L L H L H Align
1 1 1 0 0 0 1 L L PWM L L H B—C
2 1 0 0 0 1 1 PWM L L L L H A>C
3 1 0 1 0 1 0 PWM L L H L L A->B
4 0 0 1 1 1 0 L L L H PWM L C—B
5 0 1 1 1 0 0 L H L L PWM L C—A
6 0 1 0 1 0 1 L H PWM L L L B—A
Figure 6-2 and Figure 6-3 show the different possible configurations in 1x PWM mode.
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Figure 6-2. 1x PWM—Simple Controller
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Figure 6-3. 1x PWM—Hall Effect Sensor

6.3.1.1.5 SPI Gate Drive Mode

In SPI Gate Drive Mode, the output state of GLx and GHx are controlled by the corresponding DRV_GLx and
DRV_GHx SPI register bits as listed in Table 6-6.

Table 6-6. SPI Gate Drive Mode Truth Table

SPI DRV_GLx | SPI DRV_GHx GLx GHx
0 0 L L
0 1 L H
1 0 H L
1 1 L L

6.3.1.2 Gate Drive Architecture

The gate driver device use a complimentary, push-pull topology for both the high-side and low-side drivers. This
topology allows for both a strong pullup and pulldown of the external MOSFET gates. The low side gate drivers
are supplied directly from the GVDD regulator supply. For the high-side gate drivers, a bootstrap diode and
capacitor are used to generate the floating high-side gate voltage supply. The bootstrap diode is integrated and
an external bootstrap capacitor is used on the BSTx pin. To support 100% duty cycle control, a trickle charge
pump is integrated into the device. The trickle charge pump is connected to the BSTx node to prevent bootstrap
voltage drop during 100% duty cycle operation due to the leakage currents of the driver and external MOSFET.
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Figure 6-4. DRV8334-Q1 Gate Driver Power Supply Architecture

6.3.1.2.1 Bootstrap diode

The bootstrap diode is necessary to generate the high-side bias and is integrated inside the driver. The diode
anode is connected to GVDD through an internal resistor and the cathode is connected to BSTx. With the Cggt
capacitor connected to the BSTx and the SHx pins, the Cggt capacitor charge is refreshed every switching cycle
when SHx transitions to ground. The capacitor value Cgst is dependent on the gate charge of the high-side
MOSFET and must be selected considering PWM control and voltage drop of the MOSFET gate. The boot diode
provides fast recovery times, low diode resistance, and voltage rating margin to allow for efficient and reliable
operation.

6.3.1.2.2 GVDD Charge pump/LDO

The GVDD charge pump/LDO provides a regulated voltage of approximately 12V on the GVDD pin. GVDD is a
power supply source of the bootstrap diode and also the VCP trickle charge pump.

6.3.1.2.3 VCP Trickle Charge pump

The device has a trickle charge pump that provides current to the Cggt bootstrap capacitors so that the
bootstrap capacitor stays charged. This allows the gate driver to operate at 100% duty cycle. The charge pump
also supports pre-charge of the Cggt capacitors at power up.

By default, the device monitors INLx pins and charging the bootstrap capacitor by VCP is enabled while INLx are
inactive (=low). If TCP_SW_MODE register bit is 1b, charging bootstrap capacitor is enabled regardless of INLx
pins.

In addition to the support of 100% PWM duty cycle operation, the VCP charge pump is designed to support an
overdrive supply for external components. The supply voltage Vycp is available on VCP pin and the voltage is
regulated with respect to VDRAIN, where a capacitor is connected between VCP and VDRAIN pins. The VCP
voltage may be used for an overdrive supply of external switch control circuits such as battery reverse protection
switch, high-side switch, or motor phase isolation switches. While the VCP charge pump is designed to support
these external loads, care must be taken to avoid exceeding the total current limit of the overdrive supply.
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Note
At the device power up, a VCP under voltage flag VCP_UV is reported and remains latched. The
VCP_UV status flag can be cleared through a SPI write command CLR_FLT by MCU.

6.3.1.2.4 Gate Driver Output

The gate drivers use a Smart Gate Drive architecture to provide switching control of the external power
MOSFETs, additional steps to protect the MOSFETSs, and optimize tradeoffs between efficiency and robustness.
This architecture is implemented through two components called IDRIVE and TDRIVE. The IDRIVE gate drive
current and TDRIVE gate drive time are initially selected based on the parameters of the external power
MOSFET used in the system and the desired rise and fall times.
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Motor Power supply
CPL CPH CPTL CPTH VCP'__| [ Cver T
LI -
PVDD GVDD VCP Trickle | ypRAIN L
T| |—> LDO/ »  Charge <« I: |
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1 LIl "]_/\/\/\]
Cavop L R
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INHx Level _ L GHx | & ) MOSFET
I: Shifters /6 L =
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S = 17} 3
53 > =
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° ]
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Figure 6-5. Gate Driver Architecture

6.3.1.2.5 Passive and Semi-active pull-down resistor

Each gate driver has a passive pull down between the gate and source to keep the external MOSFETs turned
off in unpowered conditions. In addition a semi-active pull down circuit of low-side gate driver reduces the gate
impedance during SLEEP mode.
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6.3.1.2.6 TDRIVE Gate Drive Timing Control

The device integrates TDRIVE gate drive timing control to prevent parasitic dV/dt gate turn on of external
MOSFETs. Strong pull-down Istrong current is enabled on the opposite MOSFET gate whenever a MOSFET is
switching. The strong pulldown lasts for the TDRIVE duration. This feature helps to remove parasitic charge that
couples into the MOSFET gate when the half-bridge switch-node voltage slews rapidly.
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Figure 6-6. TDRIVE Gate Drive Timing Control (DEADT_MODE = 0b)
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Figure 6-7. TDRIVE Gate Drive Timing Control (DEADT_MODE = 1b)
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6.3.1.2.7 Propagation Delay

The propagation delay time (t,q) is measured as the time between an input logic edge to a detected output
change. This time has two parts consisting of the digital propagation delay, and the delay through the analog
gate drivers.

To support multiple control modes and dead time insertion, a small digital delay is added as the input command
propagates through the device. Lastly, the analog gate drivers have a small delay that contributes to the overall
propagation delay of the device.

6.3.1.2.8 Deadtime and Cross-Conduction Prevention

In 6xPWM mode of DRV8334-Q1, high-side INHx and low-side INLx inputs operate independently, with an
exception to prevent cross conduction when the high and low side of the same half-bridge are turned ON at
same time. The device pulls high- and low- side gate outputs low to prevent shoot through condition of power
stage and a fault STP_FLT is reported when high- and low-side inputs are logic high at the same time.

In 6xPWM mode, if SPI register bit DEADT_MODE is Ob and DEADT_MODE_6X is 00b, the device monitors
INHx and INLx and inserts dead time if the period of INHx=INLx=low is shorter than tpgap. Other than 6xPWM
mode, dead time is always inserted regardless of the configuration.

INHxX/INLX Inputs

INHx B i
INLx N | i
GHx/GLx outputsi i i i i i
eHx [ L Lt
GLx o L
Cross i i<_’i i : i
Conduction | T ! < : >
Prevention /: : : : toea : :
Status Flags i i
STP_FLT | |
DEADT_FLT

Figure 6-8. Cross Conduction Prevention and Dead time Insertion
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6.3.2 Low-Side Current Sense Amplifiers

The DRV8334-Q1 devices integrate high-performance low-side current sense amplifier for current
measurements using low-side shunt resistors. Low-side current measurements are commonly used to implement
overcurrent protection, external torque control, or brushless DC commutation with the external controller. The
current sense amplifiers feature nine configurable gain settings between 5 and 40V/V, which can be configured
through SPI commands. The CSA output is referenced to the external voltage reference pin (VREF). The CSA
output offset can be configured between 1/2 xXVREF or 1/8 xXVREF to support bidirectional or unidirectional
current sensing as needed.

Note
By default, CSA output is disabled. CSA output can be enabled in SPI register IC_CTRL2. After CSA
is enabled, the external MCU must wait 100us before sampling CSA output signals.

CSA_GAIN_x (0)

Resistor network for

CSA Gain
VREF GVDD SPx
- 10K :l'
SOx
P ]
< ] NV
+
SNx
10K |<_
&
O3
CSA Auto Zero 3 £
CSA_AZ DIS (0)[——isapie™ Function g °
O
VREF
» |
» ] GVDD VREF

Resistor network | |
for CSA Gain

+ i
Ve
_K_
<L >

[ | I
;gAGND iGND

Figure 6-9. Current-Sense Amplifier Diagram

6.3.2.1 Unidirectional Current Sense Operation

The DRV8334-Q1 internally generates a common mode voltage of 1/8 x VREF to obtain maximum resolution for
current measurement. The current sense amplifier operates in a unidirectional mode and the SO pin outputs an
analog voltage equal to the voltage across the SP and SN pins multiplied by the gain setting (G¢sa).

Use Equation 1 to calculate the current through the shunt resistor.
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Figure 6-11. Unidirectional Current-Sense Regions
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6.3.2.2 Bidirectional Current Sense Operation

In this mode, DRV8334-Q1 internally generates a common mode voltage of %2 x VREF to enable bidirectional
current measurement. The current sense amplifier operates in a bidirectional mode and the SO pin outputs an

analog voltage equal to the voltage across the SP and SN pins multiplied by the gain setting (Gcsa).
Use Equation 2 to calculate the current through the shunt resistor (AREF_DIV = VREF / 2 case) .

Vsox — Vvrer
|l — =
GCSA X RSENSE (2)
SO (V)
A
VVREF
e D Tl L
VVREF/ 2
VUNEAR AT
SP—SN (V)
Figure 6-12. Bidirectional Current Sense Output
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Figure 6-13. Bidirectional Current Sense Regions
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6.3.3 Gate Driver Shutdown

If a fault condition is detected or DRVOFF pin is driven by system, the device takes an action of gate driver
shutdown. The high-side and low-side gate driver outputs are pulled down to turn off external MOSFETs.

6.3.3.1 DRVOFF Gate Driver Shutdown

When DRVOFF is driven high, the gate driver goes into shutdown mode, overriding signals on inputs pins
INHx and INLx. DRVOFF bypasses the internal digital logic and is connected directly to the predriver. This pin
provides a mechanism for externally monitored faults to disable the gate driver directly bypassing the external
controller. When the DRVOFF pin is driven high, the device disables the gate driver and triggers the shutdown

sequence.

AN
- =\ OFF
Gate Driver [
High
'9 DRVOFF GHA = —N OFF
" |
GHB = =\ OFF
—> A ||-<-
GHC —
—> B
=\ OFF
(s —»C
GLA = =
FF
)’
GLB = =
||.<. OFF
GLC —
— GND

Figure 6-14. DRVOFF Gate Driver Output State

6.3.3.2 Gate Driver Shutdown Timing Sequence

The device initiates gate driver shutdown sequence as shown in figure. The shutdown drive current can be
programmed with SPI register IDRVN_SD. The gate driver uses Ipryn spp for toryn spp time to discharge gate
of MOSFET. The shutdown current changes to Ipryn sp current and is hold until end of tpryn sp time. After
completion of shutdown sequence, gate driver outputs are in semi-active pull-down mode. -
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Figure 6-15. Gate Drive Shutdown Sequence
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6.3.4 Gate Driver Protective Circuits

The DRV832x family of devices is protected against PVDD undervoltage and overvoltage, AVDD POR,
Bootstrap undervoltage, GVDD undervoltage, MOSFET Vpg and Vgensgovercurrent events.

6.3.4.1 PVDD Supply Undervoltage Warning (PVDD_UVW)

If at any time the power supply voltage on the PVDD pin falls below the Vpypp yyw threshold for longer than
the tpypp uvw D time, the DRV8334-Q1 detects a PVDD undervoltage warning event. After detecting the
undervoltage condition, the device asserts a warning in accordance with the WARN_MODE bit. The Vpypp uvw
threshold is adjustable through the SPI register bit PYDD_UVW_LVL. -

6.3.4.2 PVDD Supply Undervoltage Lockout (PVDD_UV)

If at any time the power supply voltage on the PVDD pin falls below the Vpypp yy threshold for longer than
the tpypp UV Da time, the DRV8334-Q1 detects a PVDD undervoltage event. After detecting the undervoltage
condition, the gate driver disabled, charge pump disabled and nFAULT pin is driven low. After PVDD_UV
condition is cleared, the fault state remains latched and can be cleared through an SPI command.

6.3.4.3 PVDD Supply Overvoltage Fault (PVDD_OV)

If at any time the power supply voltage on the PVDD pin exceeds the Vpypp ov threshold for longer than
the tpypp ov D time, the DRV8334-Q1 detects a PVDD overvoltage event. After detecting the overvoltage
condition, the gate driver is disabled, charge pump is disabled, and nFAULT pin is driven low. After PYDD_OV
condition is cleared, the fault state remains latched and can be cleared through an SPI command. The
PVDD_OQV threshold is adjustable through the SPI register field PVDD_OV_LVL. The PVDD QV threshold is
adjustable through the SPI register field PVYDD_OV_LVL, with settings available for 28V, 33V, or 50V.

6.3.4.4 GVDD Undervoltage Lockout (GVDD_UV)

If at any time the voltage on the GVDD pin falls lower than the Vgypp yy threshold voltage for longer
than the tgypp uv pg time, the device detects a GVDD undervoltage event. After detecting the GVDD_UV
undervoltage event, the gate driver is disabled, VCP charge pump is disabled and nFAULT pin is driven low if
the GVDD_UV_MODE bit is 1b. After GVDD_UV condition is cleared, the fault state remains latched and can be
cleared through an SPI command.

6.3.4.5 GVDD Overvoltage Fault (GVDD_OV)

If at any time the power supply voltage on the GVDD pin exceeds the Vgypp oy threshold for longer than
the tgvop ov pg time, the DRV8334-Q1 detects a GVDD overvoltage event. After detecting the overvoltage
condition, the gate driver is disabled, charge pump is disabled, and nFAULT pin is driven low. After PYDD_OV
condition is cleared, the fault state remains latched and can be cleared through an SPI command.

6.3.4.6 BST Undervoltage Lockout (BST_UV)

If at any time the voltage across BTSx and SHx pins falls lower than the Vggt yy threshold voltage for
longer than the tgsT uv pg time, the device detects a BST undervoltage event. After detecting the BST_UV
undervoltage event, the high-side gate driver is disabled and nFAULT pin is driven low if the BST_UV_MODE
register bit is 1b. The low-side gate driver remains active during BST_UV event. After the BST_UV condition is
cleared, the fault state remains latched if BST_UV_LATCH register bit is 1b, and the flag can be cleared through
an SPI command.

6.3.4.7 BST Overvoltage Fault (BST_OV)

If at any time the power supply voltage on one of the BSTx pins exceeds the Vgst ov threshold for longer
than the tgst ov pg time, the DRV8334-Q1 detects a BST overvoltage event. After detecting the overvoltage
condition, the gate driver is disabled, charge pump is disabled, and nFAULT pin is driven low. After BST_OV
condition is cleared, the fault state remains latched and can be cleared through an SPI command.

6.3.4.8 VCP Undervoltage Fault (CP_OV)

If at any time the voltage between the VCP and VDRAIN pins falls below the Vcp yy threshold for longer
than the tcp yv pg time, the DRV8334-Q1 detects a VCP undervoltage event. After detecting the undervoltage
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condition, the gate driver is disabled, charge pump is disabled, and nFAULT pin is driven low. After the VCP_UV
condition is cleared, the fault state remains latched and can be cleared through an SPI command.

6.3.4.9 VCP Overvoltage Fault (CP_OV)

If at any time the between the VCP and VDRAIN pins exceeds the Vcp oy threshold for longer than the
tce ov DG time, the DRV8334-Q1 detects a VCP overvoltage event. After detecting the overvoltage condition,
the gate driver is disabled, charge pump is disabled, and nFAULT pin is driven low. After VCP_OV condition is
cleared, the fault state remains latched and can be cleared through an SPI command.

6.3.4.10 VDRAIN Undervoltage Fault (VDRAIN_UV)

If at any time the supply voltage on the VDRAIN pins falls below the Vpran vy threshold for longer than the
tvdrain_uv_dg time, the DRV8334-Q1 detects a VDRAIN undervoltage event. After detecting the undervoltage
condition, the gate driver is disabled, charge pump is disabled, and nFAULT pin is driven low. After the
VDARIN_UV condition is cleared, the fault state remains latched and can be cleared through an SPI command.

6.3.4.11 VDRAIN Overvoltage Fault (VDRAIN_OV)

If at any time the power supply voltage on the VDRAIN pin exceeds the Vprrain ov threshold for longer than the
tyorAIN Ov DG time, the DRV8334-Q1 detects a VDRAIN overvoltage event. After detecting the overvoltage
condition, the gate driver is disabled, charge pump is disabled, and nFAULT pin is driven low. After the
VDRAIN_QV condition is cleared, the fault state remains latched and can be cleared through an SPI command.
The VDRAIN_QV threshold can be adjusted based on expected supply range using the VDRAIN_OV_LVL
register field.

6.3.4.12 MOSFET VGS Monitoring Protection

The DRV8334-Q1 utilizes integrated gate to source voltage (VGS) monitors to monitor the state of the external
MOSFETs. When the output state of the MOSFETs is commanded OFF (INxx = low), the monitor provides that
the output stays turned off. If at any point the VGS voltage exceeds the VGS threshold for a duration longer than
tvgs_dg, the nFAULT pin is driven low and the VGS_XX flag is set for the corresponding output channel. When
the output state of the MOSFETs is commanded ON (INxx = high), the monitor verifies that the output turns on
and the MOSFETs are driven with sufficient VGS to be strongly enhanced. If at any point the VGS drops below
the VGS threshold for a duration longer than tvgs_dg, the nFAULT pin is driven low and the VGS_XX flag is set
for the corresponding output channel. The VGS monitor blanking time can be adjusted through the VGS_BLK
register field. TI recommends to set this value based on the expected switching time for the external MOSFETs.
The VGS monitor deglitch time can be adjusted through the VGS_DEG register field. The deglitch timer does not
start until after the VGS blanking time has elapsed following a rising/falling PWM signal. Tl recommends to set
this value based on the system noise level and acceptable fault tolerance timing.

BSTx/GVDD

GHx/GLx

SHx/SLx

+ |—VGS_LVL_H

VGS_xx «

+

R + — VGS_LVL_L

Figure 6-16. DRV8334-Q1 Vgg Monitors
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Figure 6-17. DRV8334-Q1 Vgs Monitor Timing (Output High)
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Figure 6-18. DRV8334-Q1 Vgs Monitor Timing (Output Low)

6.3.4.13 MOSFET Vpg Overcurrent Protection (VDS_OCP)

The device has adjustable Vpg voltage monitors to detect overcurrent or short-circuit conditions on the external
power MOSFETs. A MOSFET overcurrent event is sensed by monitoring the Vpg voltage drop across the
external MOSFET Rps(on). The high-side VDS monitors measure between the VDRAIN and SHx pins and
the low-side VDS monitors measure between the SHx and SLx pins. If the voltage across external MOSFET
exceeds the Vpg |y threshold for longer than the tps pg deglitch time, a VDS_OCP event is recognized.
After detecting the VDS overcurrent event, all of the gate driver outputs are driven low to disable the external
MOSFETs and nFAULT pin is driven low. VDS level and deglitch time are programmable.
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Figure 6-19. DRV8334-Q1 Vpg Monitors
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Figure 6-20. DRV8334-Q1 Vpg Monitor Timing

6.3.4.14 Vgense Overcurrent Protection (SEN_OCP)

Overcurrent is also monitored by sensing the voltage drop across the external current sense resistor between
SPx and SNx pin. If at any time the difference voltage of SPx-SNx exceeds the Vsgn ocp threshold for longer
than the tocp peg deglitch time, a SEN_OCP event is recognized. After detecting the SEN_OCP over current
event, all of the gate driver outputs are driven low to disable the external MOSFETs and nFAULT pin is driven
low. The Vsense threshold and deglitch time are programmable. After SEN_OCP condition is cleared, the fault
state remains latched and can be cleared through SPI command.

Copyright © 2025 Texas Instruments Incorporated Submit Document Feedback 39
Product Folder Links: DRV8334-Q1


https://www.ti.com
https://www.ti.com/product/DRV8334-Q1
https://www.ti.com/lit/pdf/SLVSHC8
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLVSHC8&partnum=DRV8334-Q1
https://www.ti.com/product/drv8334-q1?qgpn=drv8334-q1

13 TEXAS
DRV8334-Q1 INSTRUMENTS
SLVSHCS8 — MAY 2023 www.ti.com

6.3.4.15 Phase Comparators

The device has three integrated phase comparators, each of which monitors the voltage at the SHx pin against
the voltage on the VDRAIN pin. The phase comparators can be used to monitor the voltage of the SHx pin
for motor commutation control, measurement of the time from input to output, or for diagnostics of the drivers,
external MOSFETSs, and external load.

The phase comparator thresholds are created with a resistor divider between the VDRAIN and GND pins. The
threshold voltage is sent to the phase comparator and compared against the SHx voltage with respect to GND.

The device can be configured to enable three push-pull digital outputs on INLA, INLB and INLC pins. The
outputs indicate the status of each phase comparator output. When INLx are used for phase comparator outputs,
SPI register bit PWM_MODE must be configured to 010b (3xPWM mode with SPIN enable control) to control
low-side gate drivers.

The device integrates a logic to compare the digital inputs INHx and the phase comparator outputs. If a
mis-compare is detected, the fault is reported on SPI register bits PHCx_FLT.

Gate Driver
Digital Core
INHx | GHx |
» ] il
[_l | LI
——— Y
INLx / » i GLx
PHCx Digital logic to .
—>| compare 1|
PWM control
signal with
| PHC_MON_MODE (0) bhase
comparator
Output buffer output
enable
SPI status
PHCA_FLT :IVDRAIN
SPI [ e PHCB_FLT
PHCC_FLT Thresholds
nFAULT [__I< 7y =
0
Phase Comparator sH
Deglitch r X
b=y - e
! L
MUX PHC_OUT DEG
) T_
Q
©
=
w
0,
PHCOUT_DG_SEL (0) | [ pHc_cowpen @) | T 25% GND
PHC_TH (0) l

Figure 6-21. Phase Comparator Functional Diagram

6.3.4.16 Thermal Shutdown (OTSD)

If the die temperature exceeds the trip point of the thermal shutdown limit (Totgp), OTSD event is recognized.
After detecting the OTSD overtemperature event, if OTSD_MODE is Fault mode, all of the gate driver outputs
are driven low to disable the external MOSFETSs, charge pump and current sense are disabled, and nFAULT pin
is driven low. After OTSD condition is cleared, the fault state remains latched and can be cleared through an
SPI command (CLR_FLT). The OTSD_MODE is Fault mode by default. If OTSD condition is detected during
device power up, nFAULT stays low and charge pump and current sense remain disabled until OTSD condition
is removed and SPI command (CLR_FLT) is sent by MCU.
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6.3.4.17 Thermal Warning (OTW)

If the die temperature exceeds the trip point of the thermal warning (ToTtw), the OTW bit is set in the registers of
SPI devices. The device performs no additional action and continues to function. After the die temperature falls
lower than the hysteresis point of the thermal warning, the OTW bit remains latched and can be cleared through
an SPl command CLR_FLT. If OTW bit is 1b, nFAULT remains high.

6.3.4.18 OTP CRC

After each power up, the device performs an OTP CRC check. If the calculated CRC8 checksum does not match
the CRC8 checksum stored in the internal OTP memory, the OTP_CRC failed flag is set.

6.3.4.19 SPI Watchdog Timer

The device integrates a programmable window-type SPI watchdog timer to verify that the external controller is
operating. The SPI watchdog timer can be enabled by writing a 1 to WDT_EN SPI register bit. The watchdog
timer is disabled by default. When the watchdog timer is enabled, an internal timer starts to count up. A valid
SPI access resets the timer. This valid SPI access must be issued between the lower window time and the
upper window time. If a watchdog timer fault is detected, the WDT_FLT status bit is set to 1b and nFAULT pin is
asserted low.

MCU sends SPI commands MCU stops sending SPI
periodically i command
|
[
WDT_EN
SPI SPI
command command

sPI T T

Time out event of
Watchdog timer
N

Watchdog
timer

nFAULT “

Fault event
is reported

Figure 6-22. SPI Watchdog Timer timing diagram

6.3.4.20 Phase Diagnostic

The device integrates a current source and a switch between VDRAIN and SHx device pins and between SHx
device pin and the device ground for each channel. The switches can be individually enabled and disabled via
SPI register bits PHDEN_Hx and PHDEN_Lx. If PHDEN_ Hx is 1b, the source current lpyp src of SHx pin is
enabled. If PHDEN Lx is 1b, the sink current Ippyp snk of SHx pin is enabled. When any of PHDEN_Hx and
PHDEN_Lx register bits are set to 1, the VDS overcurrent detection flags, VDS_Hx and VDS_Lx, change from
the fault detection flag to the status flag of VDS comparators. The combination of the integrated current sources
and VDS status flags can be used for the phase diagnostics such as an open fault detection of motor load,
without activating external MOSFETSs.

By default, the gate drivers are disabled when PHDEN_x register bits are 1b. If PHDEN_DRYV register bit is 1b,
the gate driver outptus can be controlled by INHx and INLx input pins while PHDEN_x register bits are 1b, and
the external MOSFETs can be turned ON during the phase diagnostic.
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If PDHEN_x register bits are 1b, VCP charge pump stays enabled but the charging path from VCP to the
bootstrap capacitor is disabled. After phase diagnostic, the bootstrap capacitor needs to be pre-charged before

PWM operation.
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Figure 6-23. Phase Diagnostic (Preview only)

6.4 Device Functional Modes

6.4.1 Gate Driver Functional Modes

6.4.1.1 Sleep Mode

The nSLEEP pin manages the state of the DRV8334-Q1. When the nSLEEP pin is low, the device goes to a
low-power sleep mode. In sleep mode, all gate drivers are disabled, sense amplifiers are disabled, all external
MOSFETSs are disabled, and the GVDD regulator is disabled. The tg ggp time must elapse after a falling edge on
the nSLEEP pin before the device goes to 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.

6.4.1.2 Operating Mode

When the nSLEEP pin is high and the Vpypp voltage is greater than the Vy o voltage, the device goes to
operating mode. The tyake time must elapse before the device is ready for inputs. In this mode the GVDD

regulator and AVDD regulator are active
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6.4.2 Device Power Up Sequence
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Figure 6-24. Device Power Up Sequence and tyake

Figure 6-24 explains the device power up sequence including the device internal information. As described
in Section 6.4, if the nSLEEP pin is driven high, the device starts the power up sequence to enable the
internal LDOs, GVDD and VCP charge pump. The nFAULT output is low when the device completes the power
up sequence and enters the Operating Mode. The external MCU may additonaly wait for the pre-charge of
bootstrap capacitors before toggling the high-side gate drivers, and the SPI status flag BST_UVx can be used to
check the status of pre-charge operation.
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6.5 Programming

6.5.1 SPI

The device uses a serial peripheral interface (SPI) bus to set device configurations, operating parameters, and
read out diagnostic information. The device SPI operates in slave mode and connects to a master external
controller. If SPI CRC (SPI_CRC_EN = 1b) is enabled, the SPI input data (SDI) word consists of a 32 bit word,
with an 8 bit command, 16 bits of data, and 8 bit CRC (initial value OxFF, polynomial 0x2F). The SPI output data
(SDO) word consists of a 32 bit word, with an 8-bit status data, 16 bits of register data and 8bit CRC (initial value
OxFF, polynomial 0x2F). If SPI CRC is disabled (SPI_CRC_EN = 0b), the SPI data word consists of 24 bit word,
where 8 bit CRC is excluded.

Note
CRC is enabled by default. To disable CRC, transmit "0x0009" to register Ox1C with CRC value
"Ox6E" (full SPI frame is "0x3800096E") after device power-up.

A valid frame must meet the following conditions:

* The SCLK pin is low when the nSCS pin transitions from high to low and from low to high.

* The nSCS pin is pulled high for at least 450ns between words.

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

» Data is captured on the falling edge of SCLK and data is propagated on the rising edge of SCLK.

« The most significant bit (MSB) is shifted in and out first.

* Afull 32 (or 24) SCLK cycles must occur for transaction to be valid.

« If the data word sent to the SDI pin is not 32 (or 24) 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.

* The SDO pin is a push-pull type output.

* The SPI fault is confirmed at the rising edge of nSCS.

6.5.2 SPI Format
The SDI input data word is 32 (or 24) bits long and consists of the following format:

e 7 address bits, A6-A0

* 1 read or write bit, W0. WO = 0b for write command and WO = 1b for read command.
* 16 data bits, D15-D0

» 8-bit CRC if SPI_CRC_EN = 1b.

The SDO output data word is 32 (or 24) bits long and consists of the following format.

« 1 fault status bit, F. This bit is identical to IC_STAT1 FAULT register bit.

* 7 read back bits, AG-A0. This is the read back of incoming 7 address bits of SDI in the same SPI frame. The
device captures SDI at the rising edge of SCLK and pushes it out on falling edge of SCLK.

* 16 data bits, D15-D0. This is read data of the addressed register. For write command, it is the data previously
stored in the addressed register.

« 8-bit CRC if SPI_CRC_EN = 1b.
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6.5.3 SPI Format Diagrams

B31|B30|829|828|B27|826|825|BZ4|BZ3|822|BZ1 |Bzo|B19|B1s|B17|B16|B15|B14|B13|B12|B11 |B10| B9 | B8 | B7 | B6 | B5 | B4| B3 | B2 | B1 | BO |

nSCS

SCLK

SDI

SDO

Figure 6-25. SPI Format - 32-bit frame (SPI_CRC_EN = 1b)
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CRC_EN = 0b)

Figure 6-26. SPI Format - 24-bit frame (SPI
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7.1 STATUS Registers

Table 7-1 lists the memory-mapped registers for the STATUS registers. All register offset addresses not listed in
Table 7-1 should be considered as reserved locations and the register contents should not be modified.

Table 7-1. STATUS Registers

Address Acronym Register Name Section
Oh IC_STAT1 IC Status Register 1 Section 7.1.1
1h IC_STAT2 IC Status Register 2 Section 7.1.2
2h IC_STAT3 IC Status Register 3 Section 7.1.3
3h IC_STAT4 IC Status Register 4 Section 7.1.4
4h IC_STATS IC Status Register 5 Section 7.1.5
5h IC_STAT6 IC Status Register 6 Section 7.1.6

Complex bit access types are encoded to fit into small table cells. Table 7-2 shows the codes that are used for
access types in this section.

Table 7-2. STATUS Access Type Codes

Access Type ‘ Code ‘ Description
Read Type
R ‘ R ‘ Read
Reset or Default Value
-n Value after reset or the default
value

7.1.1 IC_STAT1 Register (Address = 0h) [Reset = 8000h]
IC_STAT1 is shown in Table 7-3.
Return to the Summary Table.

Table 7-3. IC_STAT1 Register Field Descriptions

Bit Field Type Reset Description
15 SPI_OK R 1b No SPI Fault is detected
Ob = SPI Fault is detected
1b = No fault
14 FAULT R Ob Logic OR of FAULT status registers. Mirrors nFAULT pin.

0Ob = nFAULT status logic-low
1b = nFAULT status logic-high. One or multiple fault events detected.

13 WARN R Ob Logic OR of WARN status, except OTW
0b = No warning event detected
1b = One or multiple warning event detected

12 VDS R Ob Logic OR of VDS overcurrent detection
0Ob = No VDS events detected.
1b = One or multiple VDS events detected.

11 VGS R Ob Logic OR of VGS detection
0b = No VGS events detected.
1b = One or multiple VGS events detected.

10 SNS_OCP R Ob Logic OR of Sense overcurrent detection
0b = No sense overcurrent events detected.
1b = One or multiple sense overcurrent events detected.

9 ov R Ob Logic OR of supply voltage overvoltage detection
0b = No overvoltage events detected.
1b = One or more overvoltage events detected.
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Table 7-3. IC_STAT1 Register Field Descriptions (continued)

Bit Field Type Reset Description
8 uv R Ob Logic OR of supply voltage undervoltage detection

0b = No undervoltage events detected.
1b = One or more undervoltage events detected.

7-2 RESERVED R 0b Reserved

1 oTW R Ob Overtemperature Warning Status Bit
Ob = No event is detected
1b = Overtemperature warning event detected

0 DRV_STAT R Ob Indicates Driver Enable Status. Mirrors ENABLE_DRYV register bit

7.1.2 IC_STAT2 Register (Address = 1h) [Reset = 0000h]
IC_STAT2 is shown in Table 7-4.
Return to the Summary Table.
Table 7-4. IC_STAT2 Register Field Descriptions

Bit Field Type Reset Description
15 CBC_ST R Ob VDS and SNS_OCP monitor Cycle By Cycle (CBC) counter activity
status. If CBC is enabled (CBC is 1b), CBC counter is incremented
when VDS or SNS_OCP condition is detected. CBC_ST is 1 if CBC
counter is not 0 (CBC counter > 0) to indicate one or multiple VDS or
SNS_OCP conditions have been detected.
0b = CBC counter is 0
1b = CBC counter is not 0 if CBC is enabled.
14-11 RESERVED R Ob Reserved
10 SNS_OCP_A R Ob Overcurrent on External Sense Resistor Status Bit on phase A
9 SNS_OCP_B R Ob Overcurrent on External Sense Resistor Status Bit on phase B
8 SNS_OCP_C R Ob Overcurrent on External Sense Resistor Status Bit on phase C
7-6 RESERVED R Ob Reserved
5 VDS_HA R Ob VDS Overcurrent Status on the A High-side MOSFET
4 VDS_LA R Ob VDS Overcurrent Status on the A Low-side MOSFET
3 VDS_HB R Ob VDS Overcurrent Status on the B High-side MOSFET
2 VDS_LB R Ob VDS Overcurrent Status on the B Low-side MOSFET
1 VDS_HC R Ob VDS Overcurrent Status on the C High-side MOSFET
0 VDS_LC R Ob VDS Overcurrent Status on the C Low-side MOSFET

7.1.3 IC_STAT3 Register (Address = 2h) [Reset = 0000h]
IC_STAT3 is shown in Table 7-5.
Return to the Summary Table.
Table 7-5. IC_STAT3 Register Field Descriptions

Bit Field Type Reset Description

15-6 RESERVED R Ob Reserved
5 VGS_HA R Ob Gate driver fault status on the A High-side MOSFET.
4 VGS_LA R Ob Gate driver fault status on the A Low-side MOSFET.
3 VGS_HB R Ob Gate driver fault status on the B High-side MOSFET.
2 VGS_LB R Ob Gate driver fault status on the B Low-side MOSFET.
1 VGS_HC R Ob Gate driver fault status on the C High-side MOSFET.
0 VGS_LC R Ob Gate driver fault status on the C Low-side MOSFET.
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7.1.4 IC_STAT4 Register (Address = 3h) [Reset = 0000h]
IC_STAT4 is shown in Table 7-6.

Return to the Summary Table.

Table 7-6. IC_STAT4 Register Field Descriptions

Bit Field Type Reset Description

15 PVDD_OV R Ob PVDD overvoltage status

14 PVDD_UV R Ob PVDD undervoltage status

13 VDRAIN_OV R Ob VDRAIN overvoltage status

12 VDRAIN_UV R Ob VDRAIN undervoltage status

11 VCP_OV R Ob VCP overvoltage status

10 VCP_UV R Ob VCP undervoltage status

9 GVvDD_OV R Ob GVDD overvoltage status

8 GVvDD_UvVv R Ob GVDD undervoltage status

7 RESERVED R Ob Reserved

6 RESERVED R Ob Reserved

5 BSTA_OV R Ob BST overvoltage on the A High-side MOSFET
4 BSTA_UV R Ob BST undervoltage on the A High-side MOSFET
3 BSTB_OV R Ob BST overvoltage on the B High-side MOSFET
2 BSTB_UV R Ob BST undervoltage on the B High-side MOSFET
1 BSTC_OV R Ob BST overvoltage on the C High-side MOSFET
0 BSTC_UV R Ob BST undervoltage on the C High-side MOSFET

7.1.5 IC_STATS5 Register (Address = 4h) [Reset = 0000h]
IC_STATS is shown in Table 7-7.

Return to the Summary Table.

Table 7-7. IC_STAT5 Register Field Descriptions

Bit Field Type Reset Description

15 RESERVED R Ob Reserved

14 PVDD_UVW R Ob PVDD undervoltage warning status

13-11 RESERVED R Ob Reserved

10 GVDD_CP_LDO R Ob GVDD operating mode status
Ob = Charge pump
1b = LDO mode

9 OTSD R Ob

8 WDT_FLT R Ob Watch dog timer fault bit

7 SPI_CRC_FLT R Ob SPI CRC fault bit

6 SPI_ADDR_FLT R Ob SPI Address fault bit

5 SPI_CLK_FLT R Ob SPI Clock Framing fault bit. For 32-bit frame (SPI_CRC_EN is 1),
the SPI_CLK_FLT is set to 1 if the number of SPI clock of one SPI
frame is 1 to 31, 33 or higher. The SPI_CLK_FLT is 0 if the number
of SPI clocks is 0 or 32. For 24-bit frame (SPI_CRC_EN is 0b), the
SPI_CLK_FLT is 0 if the number of SPI clocks is 0 or 24. For 96-bit
frame, the SPI_CLK_FLT is O if the number of SPI clocks is 0 or 96.
Otherwise, SPI_CLK_FLT is set to 1.

4 OTP_CRC_FLT R Ob OTP CRC fault bit. A fault of OTP memory used for device
production has been detected.

Copyright © 2025 Texas Instruments Incorporated

Submit Document Feedback

Product Folder Links: DRV8334-Q1

49


https://www.ti.com
https://www.ti.com/product/DRV8334-Q1
https://www.ti.com/lit/pdf/SLVSHC8
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLVSHC8&partnum=DRV8334-Q1
https://www.ti.com/product/drv8334-q1?qgpn=drv8334-q1

13 TEXAS

DRV8334-Q1 INSTRUMENTS
SLVSHC8 — MAY 2023 www.ti.com
Table 7-7. IC_STAT5 Register Field Descriptions (continued)

Bit Field Type Reset Description
3 OTP_USR_CRC_FLT R Ob USER OTP CRC fault. A fault of OTP memory used for user

configuration has been detected. The OTP_USR_CRC_FLT will
always be set to 1b if USER OTP is not used (programmed), and the
flag must be cleared at power up. The OTP_USR_CRC_FLT doesn't
affect nFAULT or Gate Drivers.

2 RESERVED R Ob Reserved
1 STP_FLT R Ob Shoot Through Protection violation
0 DEADT_FLT R Ob Dead time violation

7.1.6 IC_STAT6 Register (Address = 5h) [Reset = 0000h]
IC_STATG6 is shown in Table 7-8.
Return to the Summary Table.
Table 7-8. IC_STAT6 Register Field Descriptions

Bit Field Type Reset Description
15 PHCA_FLT R Ob Indicates phase comparator fault of PHCA
14 PHCB_FLT R Ob Indicates phase comparator fault of PHCB
13 PHCC_FLT R Ob Indicates phase comparator fault of PHCC
12 RESERVED R Ob Reserved
11 VREF_OV R Ob VREF input overvoltage status
10 VREF_UV R Ob VREF input undervoltage status
9 VDDSDO_UV R Ob Device internal regulator VDDSDO regulator undervoltage status
8 RESERVED R Ob Reserved
7 DVDD_OV R Ob DVDD overvoltage status
6-5 RESERVED R Ob Reserved
4 ABIST_FLT R Ob Analog BIST fault status
3 DEV_MODE_FLT R Ob Device mode fault status
21 RESERVED R Ob Reserved
0 CLK_MON_FLT R Ob Clock monitor fault status
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7.2 CONTROL Registers

Table 7-9 lists the memory-mapped registers for the CONTROL registers. All register offset addresses not listed
in Table 7-9 are considered as reserved locations and the register contents are not to be modified.

Table 7-9. CONTROL Registers

Address Acronym Register Name Section
1Ah IC_CTRL1 IC Control Register 1 Section 7.2.1
1Bh IC_CTRL2 IC Control Register 2 Section 7.2.2
1Ch IC_CTRL3 IC Control Register 3 Section 7.2.3
1Eh GD_CTRL1 Gate Drive Control Register 1 Section 7.2.4
1Fh GD_CTRL2 Gate Drive Control Register 2 Section 7.2.5
21h GD_CTRL3 Gate Drive Control Register 3 Section 7.2.6
22h GD_CTRL3B Gate Drive Control Register 3B Section 7.2.7
23h GD_CTRL4 Gate Drive Control Register 4 Section 7.2.8
24h GD_CTRL5 Gate Drive Control Register 5 Section 7.2.9

Section 7.2.10
Section 7.2.11
Section 7.2.12
Section 7.2.13
Section 7.2.14
Section 7.2.15
Section 7.2.16
Section 7.2.17
Section 7.2.18

25h  GD_CTRL6
26h  GD_CTRL7
20h  CSA _CTRL
2Bh  MON_CTRL1
2Ch  MON_CTRL2
2Dh  MON_CTRL3
2Eh  MON_CTRL4
36h  SPI_TEST
48h  OTP_USR

Gate Drive Control Register 6

Gate Drive Control Register 7
CSA Control Register

Monitor Control Register 1

Monitor Control Register 2

Monitor Control Register 3

Monitor Control Register 4
SPI Test Register
OTP User control

Complex bit access types are encoded to fit into small table cells. Table 7-10 shows the codes that are used for
access types in this section.

Table 7-10. CONTROL Access Type Codes

Access Type Code Description

Read Type

R R Read

R-0 R Read

-0 Returns Os

Write Type

W w Write

Reset or Default Value

-n Value after reset or the default
value

7.2.1 IC_CTRL1 Register (Address = 1Ah) [Reset = 0000h]
IC_CTRL1 is shown in Table 7-11.
Return to the Summary Table.

Table 7-11. IC_CTRL1 Register Field Descriptions
Bit Field Type Reset
15-1 RESERVED R 0b

Description

Reserved
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Table 7-11. IC_CTRL1 Register Field Descriptions (continued)

Bit Field Type Reset Description
0 VDDSDO_SEL R/W Ob VDDSDO regulator output selection bit. The bit determines VOH

level of SDO and PHCx between 3.3V mode or 5V mode. The
VIH/VIL of input buffers are not affected by VDDSDO_SEL bit.
Before VDDSDO_SEL is set, VYDDSDO_MON_LVL needs to be
correctly configured.

Ob = SDO/PHCx 3.3V mode

1b = SDO/PHCx 5V mode

7.2.2 IC_CTRL2 Register (Address = 1Bh) [Reset = 0006h]
IC_CTRL2 is shown in Table 7-12.
Return to the Summary Table.

Table 7-12. IC_CTRL2 Register Field Descriptions
Bit Field Type Reset Description

15 ENABLE_DRV R/W Ob Enable predriver bit. The bit is cleared to Ob if one or multiple
predriver shutdown conditions are detected and fault flags are set

to 1b and if ALL_CH is 1b, or if DRVOFF is driven high. The
ENABLE_DRYV bit is forced to Ob by device while the fault condition
exists or while DRVOFF is high. At power up, write access to
ENABLE_DRYV is ignored and the bit cannot be set to 1 until NFAULT
goes high. After nFAULT goes high, wait 5us and set ENABLE_DRV
to 1b. During initial setup, it's recommended to set the gate drive
current IDRVx settings before ENABLE_DRYV is set to 1b.

0b = INHx and INLx digital inputs are ignored and the gate driver
outputs are pulled low (active pull down) by default.

1b = Gate driver outputs are controlled by INHx and INL digital
inputs. If IDRVP or IDRVN register values is modified while
ENABLE_DRYV is 1b, the one PWM cycle delay is expected to get
the gate driver current updated.

14 MODE_NSLEEP R/W Ob nSLEEP Mode.

Ob = nSLEEP is active low and device enters sleep mode when
nSLEEP is driven low.

1b = nSLEEP is active low and device enters DRVOFF shutdown
mode when nSLEEP is driven low. Internal regulators including
GVDD charge pump and TCP/VCP charge pumps are active. If
WDT_FLT is detected, the device enters sleep mode when nSLEEP
is low regardless of MODE_NSLEEP bit.

13 CFG_CRC_EN R/W Ob Enable configuration data CRC function
0Ob = Configuration DATA CRC function is disabled.
1b = Configuration Data CRC function is enabled.

12 CLKMON_EN R/W Ob Clock monitor enable
Ob = Clock monitor is disabled.
1b = Clock monitor is enabled.

11 CSA_EN R/W Ob Current Sense Amplifier Enable. If GVDD_UV_MODE is 0b (Warning
mode), MCU must maintain GVDD_UV flag is Ob before CSA_EN

bit is set to 1b. If GVDD_UV_MODE is 1b (Fault mode), IC disables
CSA amplifier when GVDD_UV is detected.

Ob = CSA is disabled. SOx are HiZ state.

1b = CSA is enabled.

10 CSA_AZ_DIS R/W Ob Current Sense Amplifier Auto Zero function disable

0b = CSA Auto Zero function is enabled. This bit is Ob during normal
PWM/CSA operation.

1b = CSA Auto Zero function is disabled. The purpose of this bit is
to disable switching activity of current sense amplifier for auto zero
function. Refer to timing requirements if this bit is used.

9 RESERVED R 0b Reserved
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Table 7-12. IC_CTRL2 Register Field Descriptions (continued)

Bit Field Type Reset Description
8 GVDD_MODE R/W Ob GVDD Charge pump LDO mode control

0b = Normal GVDD operation. Charge pump mode and LDO mode
are controlled by device.

1b = LDO mode. GVDD charge pump clock is disabled. (charge
pump switching operation is disabled).

7-6 VCP_MODE R/W 00b VCP/TCP mode control

00b = Normal VCP/TCP operation. VCP/TCP is enabled at power up.
TCP SW is enabled when SPI ENABLE_DRYV is 0. When DRVOFF is
high and if system expects the device to keep BST cap stay charged,
VCP_MODE must be 00b.

01b = VCP/CPTH-SHXx switch is disabled. VCP/TCP charge pump
clock is active. This bit is valid regardless of SPI ENABLE_DRV.

10b = VCP/TCP shutdown. Both VCP/CPTH-SHx switch and
VCP/TCP charge pump clock are disabled. This bit is valid
regardless of SPI ENABLE_DRV.

11b = Normal VCP/TCP operation. VCP/TCP is enabled at power up.
TCP SW is disabled when SPI ENABLE_DRYV is 0.

5-4 RESERVED R 0b Reserved

3-1 LOCK R/W 011b Lock and unlock the register setting

Bit settings not listed have no effect.

011b = Unlock all the registers

110b = Lock the settings by ignoring further register writes except to
these bits.

0 CLR_FLT R/W Ob Clear fault. After fault event is detected and fault flag is set, Tl
recommends to issue CLR_FLT command first, then ENABLE_DRV
command next in a separate SPI frame. If CLR_FLT and
ENABLE_DRV commands are issued in the same SPI frame,
CLR_FLT is higher priority and ENABLE_DRYV is not set if the fault
flag is already latched and the device is waiting CLR_FLT.

0b = No action

1b = Clear faults. Self-clear to Ob.

7.2.3 IC_CTRL3 Register (Address = 1Ch) [Reset = 8009h]
IC_CTRL3 is shown in Table 7-13.
Return to the Summary Table.
Table 7-13. IC_CTRL3 Register Field Descriptions

Bit Field Type Reset Description

15 SPI_CRC_EN R/W 1b SPI CRC Enable
Ob = SPI CRC is disabled. One SPI frame is 8-bit command, 16-bit
data.

1b = SPI CRC is enabled. One SPI frame is 8-bit command, 16-bit
data, and 8-bit CRC.

14 WARN_MODE R/W Ob Warning nFAULT mode; Control nFAULT response for warning
events

0b = No nFAULT reporting for warning response. Status flags are
set.

1b = nFAULT is driven low for warning response. Status flags are
set.

13 RESERVED R 0b Reserved

12 DIS_SSC R/W Ob Tl Internal design parameter: No change is required unless notified
by TI. The bit disables Spread Spectrum Clocking feature of the
device internal oscillator

0b = Normal operation. Spread Spectrum Clocking feature is

enabled.
1b = Spread Spectrum Clock feature is disabled for Tl debug
purpose.
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Table 7-13. IC_CTRL3 Register Field Descriptions (continued)

Bit Field Type Reset Description

11 RESERVED R Ob Reserved

10 TCP_EN_DLY R/W Ob Delay time to activate trickle charge pump after the device detects
PWM inactive (INHx=INLx=Low)
Ob = 100us (typ)
1b = 250us (typ)

9 DRVOFF_PDSEL_HS R/W Ob DROVFF Pull-down select for high-side gate driver

Ob = High-side gate driver outputs GHx are semi active pull-down
(RPDSA_HS) if DRVOFF is high.

1b = High-side gate driver outputs GHx are passive pull-down
(RPD_HS) if DRVOFF is high.

8 DRVOFF_PDSEL_LS R/W Ob DROVFF Pull-down select for low-side gate driver
Ob = Low-side gate driver outputs GLx are semi active pull-down
(RPDSA_LS) if DRVOFF is high.
1b = Low-side gate driver outputs GLx are passive pull-down
(RPD_LS) if DRVOFF is high.
7-4 RESERVED R Ob Reserved
3 OT_LVL R/W 1b Overtemperature shutdown threshold selection
Ob = Grade 1 mode
1b = Grade 0 mode
2 RESERVED R Ob Reserved
1-0 OTSD_MODE R/W 01b Overtemperature shutdown mode

00b = Warning mode

01b = Fault (shutdown) mode

10b = No report. No shutdown.
11b = No report. No shutdown

7.2.4 GD_CTRL1 Register (Address = 1Eh) [Reset = 0138h]

GD_CTRL1

is shown in Table 7-14.

Return to the Summary Table.

Table 7-14. GD_CTRL1 Register Field Descriptions

Bit

Field Type Reset Description

15

RESERVED R 0b Reserved

14-12

PWM_MODE R/wW 000b PWM mode.

000b = 6x PWM mode (INHx/INLx)

001b = 3x PWM mode with INLx enable control

010b = 3x PWM mode with SPI enable control (DRVEN_x). INLx
don't affect PWM control. MCU must use this mode to generate
PWM if PHC_OUTEN is 1b.

011b = 1x PWM mode (INHx/INLx)

100b = Reserved.

101b = SPI Gate Drive Mode. DRV_GHx and DRV_GLXx register bits
are valid.

110b = 6x PWM mode (INHx/INLXx)

111b = 6x PWM mode (INHx/INLXx)

11

RESERVED R Ob Reserved

10-9

SGD_MODE R/W 00b Smart Gate Drive mode

00b = Smart Gate Drive with fixed peak current control. TDRVN_D is
not valid and ignored.

01b = Smart Gate Drive with dynamic peak current control.
TDRVN_D is enabled.
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Table 7-14. GD_CTRL1 Register Field Descriptions (continued)

Bit Field Type Reset Description

8 SGD_TMP_EN R/W 1b Enable dynamic temperature control of Smart Gate Drive.
0b = SGD temperature control is disabled. IDRVP and IDRVN are
constant.

1b = SGD temperature control is enabled. IDRVP (300mA or higher)
and IDRVN (600mA or higher) are adjusted based on DIE_TEMP
information. The IDRIVx adjustment takes place every 9ms by the
device or when the SGD_TMP_EN bit changes from 0b to 1b.

7 STP_MODE R/W Ob Shoot-through protection report mode

Note
Other than PWM_MODE 000b, STP_MODE shall be
set to 1b, otherwise a false STP_FLT flag is reported.

Ob = Shoot-through protection is enabled. The gate driver outputs
are forced low during a shoot-through condition. The SPI fault flag is
set and the nFAULT pin is driven low when the condition is detected.
Set STP_MODE to 0b only for PWM_MODE 000b (6xPWM mode).
1b = Shoot-through protection is enabled but no reporting is
performed. The gate driver outputs are forced low during a shoot-
through condition. No SPI fault flag is set, and the nFAULT pin stays
high when the condition is detected. Other than PWM_MODE 000b,
STP_MODE shall be set to 1b not to report a false STP_FLT flag.

6 RESERVED R Ob Reserved

5-3 DEADT R/W 111b Gate driver dead time
000b = 70ns

001b = 200ns

010b = 300ns

011b = 500ns

100b = 750ns

101b = 1000ns

110b = 1500ns

111b = 2000ns

2 DEADT_MODE R/W Ob Dead Time Insertion Mode.

0b = Dead time is inserted when device input (INHx or INLx) goes
low.

1b = Dead time is inserted by monitoring gate driver outputs (GHx or
GLx).

1-0 DEADT_MODE_6X R/W 00b Dead Time Violation Response Mode for 6 PWM mode only. NOTE:
Other than 6 PWM mode, dead time is always inserted regardless of
the DEADT_MODE bit and no fault is reported to the MCU.

00b = Dead-time protection is enabled. The gate driver control
signals are enforced low during the dead time period. The SPI fault
flag is set and the nFAULT pin is driven low when the dead time
condition is detected.

01b = Dead-time protection is enabled but no reporting is performed.
The gate driver outputs are forced low during the dead time period.
The SPI fault flag is never set and the nFAULT pin stays high when
the dead time condition is detected

10b = Dead-time protection is disabled. No dead time is inserted. No
SPI fault flag is set and the nFAULT1 pin stays high. This is applied
to both the cases when DEADT_MODE is Ob (monitoring INH or INL)
and 1b (monitoring GHx or GLx).

11b = Dead-time protection is enabled and SPI fault is set but no
nFAULT reporting is performed. The gate driver outputs are forced
low during the dead time period. The nFAULT pin stays high when
the dead time condition is detected.

7.2.5 GD_CTRL2 Register (Address = 1Fh) [Reset = 0717h]
GD_CTRL2 is shown in Table 7-15.
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Return to the Summary Table.
Table 7-15. GD_CTRL2 Register Field Descriptions

Bit Field Type Reset Description
15-12 RESERVED R Ob Reserved
11-8 TDRVP R/W 0111b Peak source pull up drive timing

0000b = 0.143us
0001b = 0.179us
0010b = 0.321us
0011b = 0.464us
0100b = 0.607us
0101b = 0.750us
0110b = 0.893us
0111b = 1.036us
1000b = 1.321us
1001b = 1.607us
1010b = 1.893us
1011b = 2.179us
1100b = 2.536us
1101b = 2.964us
1110b = 3.393us
1111b = 3.821us

7-4 TDRVN_D R/W 0001b Peak sink pull down pre-discharge timing
0000b = 70ns
0001b = 140ns
0010b = 211ns
0011b = 281ns
0100b = 351ns
0101b =421ns
0110b = 491ns
0111b = 561ns
1000b = 632ns
1001b = 702ns
1010b = 772ns
1011b = 842ns
1100b = 912ns
1101b = 982ns
1110b = 1053ns
1111b = 1123ns

3-0 TDRVN R/W 0111b Peak sink pull down drive timing. Refer to TDRVP

7.2.6 GD_CTRL3 Register (Address = 21h) [Reset = 0700h]
GD_CTRL3 is shown in Table 7-16.
Return to the Summary Table.
Table 7-16. GD_CTRL3 Register Field Descriptions

Bit Field Type Reset Description

15-12 RESERVED R Ob Reserved

11-8 TDRVN_SDD R/W 0111b Smart shutdown discharge timing. Refer to TDRVN_D
7-6 RESERVED R Ob Reserved

5-0 IDRVN_SD R/W 000000b Smart shutdown drive current.

7.2.7 GD_CTRL3B Register (Address = 22h) [Reset = 0000h]
GD_CTRL3B is shown in Table 7-17.

Return to the Summary Table.
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Table 7-17. GD_CTRL3B Register Field Descriptions

Bit Field Type Reset Description
15-14 RESERVED R Ob Reserved
13-8 IDRVN_D_H R/W 000000b Peak sink pull down pre-discharge current for high-side gate driver.
Refer to IDRIVE description
7-6 RESERVED R Ob Reserved
5-0 IDRVN_D_L R/W 000000b Peak sink pull down pre-discharge current for low-side gate driver.
Refer to IDRIVE description

7.2.8 GD_CTRL4 Register (Address = 23h) [Reset = 0000h]
GD_CTRL4 is shown in Table 7-18.
Return to the Summary Table.

Table 7-18. GD_CTRL4 Register Field Descriptions
Bit Field Type Reset Description

15 PWM1X_COM R/W Ob 1x PWM Commutation Control
0b = 1x PWM mode uses synchronous rectification
1b = 1x PWM mode uses asynchronous rectification

14 PWM1X_DIR RIW 0b 1x PWM Direction. In 1x PWM mode this bit is ORed with the INHC
(DIR) input
13-12  |PWM1X_BRAKE RIW 00b 1x PWM output configuration

00b = Outputs follow commanded inputs
01b = Turn on all three low-side MOSFETs
10b = Turn on all three high-side MOSFETs
11b = Turn off all six MOSFETSs (coast)

11-10 RESERVED R Ob Reserved

9 IDRVP_CFG R/W Ob IDRVP configuration mode

Ob = IDRVP register is not valid and ignored. IDRV_RATIO is

used to determine IDRVP parameter if IDRVN is in the range of
000000b (0.7mA) - 100011b (247mA). If IDRVN is 100100b (600mA)
- 101100b (2000mA), IDRVP uses the same setting as IDRVN. For
example, if IDRVN is set to 100100b (600mA), IDRVP is 100100b
(300mA) where pull-up current is typically half of pull-down current.
1b = IDRVP register is used to determine IDRVP parameter.
IDRV_RATIO is not valid and is ignored.

8 IHOLD_SEL R/W Ob Select IHOLD pull-up and pull-down current. IHOLD_SEL bit must be
configured while PWM is inactive (ENABLE_DRYV is 0b).

Ob = IHOLD pull-up/down 500mA/1000mA (typ)

1b = IHOLD pull-up/down 260mA/260mA (typ)

7-6 RESERVED R 0Ob Reserved

5 DRV_GHA R/W Ob Drive GHA by SPI command. PWM_MODE = 101b (SPI gate drive
mode) only. This bit is valid when ENABLE_DRYV is 1b.

Ob = GHA is driven low

1b = GHA is driven high

4 DRV_GHB R/W Ob Drive GHB by SPI command. PWM_MODE = 101b (SPI gate drive
mode) only. This bit is valid when ENABLE_DRV is 1b.

Ob = GHB is driven low

1b = GHB is driven high

3 DRV_GHC R/W Ob Drive GHC by SPI command. PWM_MODE = 101b (SPI gate drive
mode) only. This bit is valid when ENABLE_DRV is 1b.

0Ob = GHC is driven low

1b = GHC is driven high

2 DRV_GLA R/W Ob Drive GLA by SPI command. PWM_MODE = 101b (SPI gate drive
mode) only. This bit is valid when ENABLE_DRV is 1b.

Ob = GLA is driven low

1b = GLA is driven high
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Table 7-18. GD_CTRLA4 Register Field Descriptions (continued)

Bit Field Type Reset Description
1 DRV_GLB R/W Ob Drive GLB by SPI command. PWM_MODE = 101b (SPI gate drive

mode) only. This bit is valid when ENABLE_DRYV is 1b.
Ob = GLB is driven low
1b = GLB is driven high

0 DRV_GLC R/W Ob Drive GLC by SPI command. PWM_MODE = 101b (SPI gate drive
mode) only. This bit is valid when ENABLE_DRYV is 1b.

Ob = GLC is driven low

1b = GLC is driven high

7.2.9 GD_CTRLS5 Register (Address = 24h) [Reset = 0007h]
GD_CTRL5 is shown in Table 7-19.
Return to the Summary Table.
Table 7-19. GD_CTRL5 Register Field Descriptions

Bit Field Type Reset Description
15-3 RESERVED R Ob Reserved
2 DRVEN_A R/W 1b DRVEN_A = 0 enforces GHA and GLA low with active pull down

without shutdown sequence. This bit is valid for any PWM_MODE
settings. This bit is valid when ENABLE_DRYV is 1b.

0b = GHA and GLA are actively pulled down (low). ENABLE_DRYV is
not affected by this bit.

1b = No affect. GHA and GLA are controlled normally depending
following PWM_MODE setting.

1 DRVEN_B R/W 1b DRVEN_B = 0 enforces GHB and GLB low with active pull down
without shutdown sequence. This bit is valid for any PWM_MODE
settings. This bit is valid when ENABLE_DRYV is 1b.

0Ob = GHB and GLB are actively pulled down (low). ENABLE_DRYV is
not affected by this bit.

1b = No affect. GHB and GLB are controlled normally depending
following PWM_MODE setting.

0 DRVEN_C R/W 1b DRVEN_C = 0 enforces GHC and GLC low with active pull down
without shutdown sequence. This bit is valid for any PWM_MODE
settings. This bit is valid when ENABLE_DRYV is 1b.

0b = GHC and GLC are actively pulled down (low). ENABLE_DRYV is
not affected by this bit.

1b = No affect. GHC and GLC are controlled normally depending
following PWM_MODE setting.

7.2.10 GD_CTRL6 Register (Address = 25h) [Reset = 0000h]
GD_CTRLS6 is shown in Table 7-20.
Return to the Summary Table.
Table 7-20. GD_CTRLG6 Register Field Descriptions

Bit Field Type Reset Description
15-14 RESERVED R Ob Reserved
13-8 IDRVP_H R/W 000000b High-side peak source pull up current. IDRVP_H is valid if
IDRVP_CFG = 1b. IDRVP_H is not valid and ignored if IDRVP_CFG
= 0Ob.
7-6 RESERVED R Ob Reserved
5-0 IDRVP_L R/W 000000b Low-side peak source pull up current. IDRVP_L is valid if
IDRVP_CFG = 1b. IDRVP_H is not valid and ignored if IDRVP_CFG
= 0Ob.
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7.2.11 GD_CTRLY7 Register (Address = 26h) [Reset = 0000h]
GD_CTRLY is shown in Table 7-21.
Return to the Summary Table.

Table 7-21. GD_CTRL7 Register Field Descriptions

Bit Field Type Reset Description
15-14 IDRV_RATIO_H R/wW 00b High-side IDRVP and IDRVN ratio. IDRV_RATIO_H is valid if

IDRVP_CFG = 0b and if the range of IDRVN_H is from 00000b
(0.7mA) to 100011b (typ 247mA). IDRIVE_RATIO_H doesn't affect
gate driver performance if IDRVN_H is 100100b(600mA) or higher
setting. If IDRVP_CFG = 1b, IDRV_RATIO_H is not valid and
ignored.
00b = IDRVP is IDRVN x 1
01b = IDRVP is IDRVN x 0.75
10b = IDRVP is IDRVN x 0.5
11b = IDRVP is IDRVN x 0.25

13-8 IDRVN_H R/W 000000b High-side peak sink pull down current. Refer to Electrical
Characteristics table, IDRVN parameter.

7-6 IDRV_RATIO_L R/W 00b Low-side IDRVP and IDRVN ratio. IDRV_RATIO_L is valid if
IDRVP_CFG = 0b and if the range of IDRVN_H is from 00000b
(0.7mA) to 100011b (typ 247mA). IDRIVE_RATIO_L doesn't affect
gate driver performance if IDRVN_H is 100100b(600mA) or higher
setting. If IDRVP_CFG = 1b, IDRV_RATIO_L is not valid and
ignored.
00b = IDRVP is IDRVN x 1
01b = IDRVP is IDRVN x 0.75
10b = IDRVP is IDRVN x 0.5
11b = IDRVP is IDRVN x 0.25

5-0 IDRVN_L R/W 000000b Low-side peak sink pull down current. Refer to Electrical
Characteristics table, IDRVN parameter.

7.2.12 CSA_CTRL Register (Address = 29h) [Reset = 0000h]
CSA_CTRL is shown in Table 7-22.
Return to the Summary Table.

Table 7-22. CSA_CTRL Register Field Descriptions

Bit Field Type Reset Description
15 AREF_DIV R/W Ob VREF dividing ratio
Ob=1/2
1b=1/8
14-12 RESERVED R Ob Reserved
11-8 CSA_GAIN_A R/W 0000b CSA Gain of SOA. Gain can be updated during PWM operation.

Undefined settings (1001b - 1111b) are 40.
0000b =5

0001b =10

0010b =12

0011b = 16

0100b =20

0101b =23

0110b = 25

0111b =30

1000b = 40
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Table 7-22. CSA_CTRL Register Field Descriptions (continued)
Bit Field Type Reset Description

7-4 CSA_GAIN_B R/W 0000b CSA Gain of SOB. Gain can be updated during PWM operation.
Undefined settings (1001b - 1111b) are 40.
0000b =5

0001b =10

0010b =12

0011b = 16

0100b =20

0101b =23

0110b = 25

0111b =30

1000b = 40

3-0 CSA_GAIN_C R/W 0000b CSA Gain of SOC. Gain can be updated during PWM operation.
Undefined settings (1001b - 1111b) are 40.
0000b =5

0001b =10

0010b = 12

0011b = 16

0100b =20

0101b =23

0110b = 25

0111b =30

1000b = 40

7.2.13 MON_CTRL1 Register (Address = 2Bh) [Reset = 4002h]
MON_CTRL1 is shown in Table 7-23.
Return to the Summary Table.

Table 7-23. MON_CTRL1 Register Field Descriptions
Bit Field Type Reset Description

15-14 VDRAIN_OV_LVL R/W 01b VDRAIN Overvoltage threshold level
00b = 29.5V (typ)
01b = 34.5V (typ)
10b = 53.5V (typ)
11b = 53.5V (typ)

13 VDRAIN_MON_MODE R/W Ob VDRAIN monitor mode for under and over voltage monitors
0b = Warning mode
1b = Fault mode

12 BST_OV_MODE R/W Ob BST pin overvoltage monitor mode
0b = Warning mode
1b = Fault mode

11 BST_UV_LATCH R/W Ob BST pin undervoltage latch mode

0b = BST_UV is real time monitor. BST_UV is cleared to Ob when
VBST exceeds VBST_UV threshold. BST_UV_MODE is ignored.
1b = BST_UV is latched when under voltage condition is detected.

10 BST_UV_MODE R/W Ob BST pin monitor mode. If BST_UV_LATCH is 1b, BST_UV_MODE
determines Warning mode or Fault mode. Refer to BST_UV_LATCH
register bit.

0b = Warning mode

1b = Fault mode

9 BST_UV_LVL R/W Ob BST pin undervoltage threshold level Vst yv
0b =4.2V (typ)
1b =7.2V (typ)

8 DVDD_OV_MODE R/W Ob DVDD monitor mode of over voltage monitor
0b = Warning mode
1b = Fault mode
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Table 7-23. MON_CTRL1 Register Field Descriptions (continued)
Bit Field Type Reset Description
7 GVDD_OV_MODE R/W Ob GVDD monitor mode of over voltage monitor
0b = Warning mode
1b = Fault mode
6 GVDD_UV_MODE R/W Ob GVDD monitor mode of under voltage monitor
0b = Warning mode
1b = Fault mode
5 VCP_OV_MODE R/W Ob VCP monitor mode of over voltage monitor
0b = Warning mode
1b = Fault mode
4 VCP_UV_MODE R/W Ob VCP monitor mode of under voltage monitor
0b = Warning mode
1b = Fault mode
3 PVDD_UVW_LVL R/W Ob PVDD UV Warning threshold level
2-1 PVDD_OV_LVL R/W 01b PVDD OV threshold level
0 PVDD_OV_MODE R/W Ob PVDD OV threshold monitor mode
0b = Warning mode
1b = Fault mode

7.2.14 MON_CTRL2 Register (Address = 2Ch) [Reset = 1101h]
MON_CTRL2 is shown in Table 7-24.
Return to the Summary Table.

Table 7-24. MON_CTRL2 Register Field Descriptions

Bit Field Type Reset Description
15-14 VDS_MODE R/W 00b VDS overcurrent mode
00b = Warning mode.
01b = Fault mode.
10b = Reserved
11b = No report. No shutdown.
13-11 VDS_BLK R/W 010b VDS overcurrent blanking time
10-8 VDS_DEG R/W 001b VDS overcurrent deglitch time
7-6 VGS_MODE R/W 00b VGS monitor mode
00b = Warning mode.
01b = Fault mode.
10b = Reserved
11b = No report. No shutdown.
5-3 VGS_BLK R/W 000b VGS monitor blanking time
2-0 VGS_DEG R/W 001b VGS monitor deglitch time

7.2.15 MON_CTRL3 Register (Address = 2Dh) [Reset = 003Bh]
MON_CTRL3 is shown in Table 7-25.
Return to the Summary Table.
Table 7-25. MON_CTRL3 Register Field Descriptions

Bit Field Type Reset Description
15-9 RESERVED R Ob Reserved
8 VGS_LVL R/W Ob Gate voltage monitor threshold level when INLx/INHx = High.

VGs_LvL_H
0b = 5.7V (typ)
1b = 7.7V (typ)
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Table 7-25. MON_CTRL3 Register Field Descriptions (continued)

Bit Field Type Reset Description
7-6 SNS_OCP_MODE R/W 00b Monitor mode of Vggnsg overcurrent protection (Rshunt monitor)

00b = Warning mode.

01b = Fault mode.

10b = Reserved

11b = No report. No shutdown.

5-3 SNS_OCP_LVL R/W 111b Threshold voltage of Vsense overcurrent protection (Rshunt monitor)
000b =50mV (typ)

001b =75mV (typ)

010b = 100mV (typ)

011b = 125mV (typ)

100b = 150mV (typ)

101b = 200mV (typ)

110b = 300mV (typ)

111b = 500mV (typ)

2 RESERVED R 0b Reserved

1-0 SNS_OCP_DEG R/W 11b Deglitch time of Vsgnsg overcurrent protection (Rshunt monitor)
00b = 2.0us (typ)

01b = 4.0us (typ)

10b = 6.0us (typ)

11b = 10.0us (typ)

7.2.16 MON_CTRL4 Register (Address = 2Eh) [Reset = 0000h]
MON_CTRL4 is shown in Table 7-26.
Return to the Summary Table.
Table 7-26. MON_CTRLA4 Register Field Descriptions

Bit Field Type Reset Description
15-6 RESERVED R Ob Reserved
5 WDT_FLT_MODE R/W Ob Watchdog Time Fault Mode

0b = Report on nFAULT. No gate driver shutdown.
1b = Report on nFAULT. Gate Driver shutdown.

4 WDT_CNT R/W Ob Watchdog Time Fault Count

0Ob = One time WDT fault reports status flag and asserts nFAULT1
pin low.

1b = Three consecutive faults report status flag and assert nNFAULT
pin low. Internal counter is cleared to 0 after the three consecutive
faults are detected. Internal counter can also be cleared if WDT_EN
is cleared to Ob.

3 WDT_MODE R/W Ob Watchdog Time MODE
0Ob = Any valid read access reset the watchdog timer
1b = A valid write access to SPI_TEST resets the watchdog timer

2-1 WDT_W R/W 00b Watchdog Timer window typ, (lower window) and twpy (upper
window)

00b = tWDL 0.5ms tWDU 10ms

01b = tWDL 1ms tWDU 20ms

10b = tWDL 2ms tWDU 40ms

11b = tWDL 2ms tWDU 40ms

0 WDT_EN R/W Ob Watchdog Time Enable
0b = Watchdog timer disabled
1b = Watchdog timer enabled

7.2.17 SPI_TEST Register (Address = 36h) [Reset = 0000h]
SPI_TEST is shown in Table 7-27.
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Return to the Summary Table.

Table 7-27. SPI_TEST Register Field Descriptions

Bit Field Type Reset Description
15-0 SPI_TEST R/W 0000000000 |SPI Test register. Write access to this register has no effect on
000000b device operation.

7.2.18 OTP_USR Register (Address = 48h) [Reset = 0000h]
OTP_USR is shown in Table 7-28.

Return to the Summary Table.

Table 7-28. OTP_USR Register Field Descriptions

Bit

Field

Type

Reset

Description

15-5

RESERVED

R

Ob

Reserved

4

OTP_USR_P_VER

R/W

Ob

Enables memory verification of User OTP Program. The bit is

used after user OTP is programmed by user. MCU waits until

the bit is cleared to 0 by the device, and then MCU must check
OTP_USR_CRC_FLT for the verification result. OTP_USR_PRG and
OTP_USR_P_VER shall never be set to 1b at the same time.

Ob = User OTP Verification is inactive

1b = User OTP Verification is enabled and is active. The device runs
CRC automatically, and OTP_USR_CRC_FLT status bit is set to 1b if
User OTP Verification is failing.

3-1

OTP_USR_P_ACC

R/W

000b

Access control of User OTP Program and User OTP Verification.
The write access of OTP_USR_PRG bit is not available unless the
following value is written in sequence; 0x2, 0x1, 0x4. Any other
undefined values are ignored and the reset the internal sequence
logic. The device returns read 0x7 if the sequence values are
accepted. After the sequence is accepted by device (read =0x7),
any write access (including 0x2, 0x1, 0x4) to this register resets the
sequence logic (read = 0x0).

000b = Read returned data if sequence logic is reset.

001b = The 2nd data to be entered in the sequence

010b = The 1st data to be entered in the sequence

100b = The 3rd data to be entered in the sequence

111b = Read returned data if the sequence commands are accepted
by device and write access to OTP_USR_PRG is allowed.

OTP_USR_PRG

Ob

Program User OTP. MCU sets the bit to 1 to enable OTP
program. MCU waits until the bit is cleared to 0 by the device.
OTP_USR_PRG and OTP_USR_P_VER shall never be set to
1b at the same time. When OTP_USR_PRG is set to 1,

the following SPI register bits shall be configured accordingly;
ENABLE_DRV=0, ADC_EN=0, ADC_EN2=0, PWSPI_EN=0,
WDT_EN=0, VCP_MODE=11, CLKMON_EN=0, DRVEN_A=0,
DRVEN_B=0, DRVEN_C=0, CSA_EN=0, GVDD_MODE=1.
0b = User OTP Program is inactive.

1b = User OTP Program is enabled and is active.
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8 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. Tl's customers are responsible for determining
suitability of components for their purposes. Customers should validate and test their design
implementation to confirm system functionality.

8.1 Application Information

The DRV8334-Q1 is primarily used in applications for three-phase brushless DC motor control. The design
procedures in the Section 8.2 section highlight how to use and configure the DRV8334-Q1 device.

8.2 Typical Application
8.2.1 Typical Application with 48-pin package

Figure shows a typical application diagram of DRV8334-Q1 48-pin package.
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8.2.1.1 External Components

External components lists the recommended external components. Note that the capacitances below are
considered effective capacitances under nominal conditions. Consider the impact of DC derating when selecting

these components.

Table 8-1. External Components (48-pin Package)

COMPONENT PIN1 PIN2 RECOMMENDED

Rpvpp Viar PVDD OPTIONAL: 1Q (or smaller) series resistor

CpvbD PVDD GND 10uF ceramic capacitor rated for PVDD.

CcvbD GVDD GND 10uF ceramic capacitor rated for GVDD.

Ccp_FLy CPH CPL 1.0uF ceramic capacitor rated for GVDD voltage

CcpT_FLY CPTH CPTL 1.0pF ceramic capacitor rated for GVDD voltage

Cvcp VCP VDRAIN 1.0pF ceramic capacitor rated for VCP voltage

RnrauLt VCCIO nFAULT 10kQ pulled up the MCU I/O power supply

CvVREF VREF GND 0.1uF ceramic capacitor rated for VREF
100pF - 1000pF rated for Vyotor; Depending on system

CauLk VmoToR GND configuration

CvDRAIN VDRAIN GND 1uF rated for VDRAIN
1.0uF, 20V ceramic capacitor between BSTx and SHx

CgsT BSTx SHx depending on the total gate charge of external MOSFET Q.
Cgst>20 X Qg / (VaHx-Vshx)

RgsT BSTx SHXx OPTIONAL: 2Q series resistor between BSTx and SHx to help
prevent Cgst from being overcharged if big negative transient
voltage is observed on SHx pin.

R GHx. GLx Gate of external OPTIONAL: 3Q series resistor between GHx/GLx and Gate of

G ’ MOSFET external MOSFET.

R GHx. GLx Source of external 100kQ pull down resistor between GHx/GLx and Source of

es ' MOSFET external MOSFET.

Rsense SPx SNx O.SmQ Shunt resistor for current sense amplifier. System
design parameter.

Rso MCU ADC SOx 160Q for current sense amplifier output filter

Cso MCU ADC GND 470pf ceramic cgpamtor rated for AREF for current sense
amplifier output filter

Rsp, Rsn SPx/SNx Rsense OPTIONAL: 10Q for current sense amplifier input filter.

Cepsn SPx SNx QPTIQNAL: 1nF ceramic capacitor for current sense amplifier
input filter.

Csp, Can SPx/SNx GND iC:ELI%{:?L: 1nF ceramic capacitor for current sense amplifier
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8.2.2 Application Curves

Figure 8-2. Device Powerup

8.3 Layout
8.3.1 Layout Guidelines

Minimize length and impedance of GHx, SHx, GLx, and SLx traces. Use as few vias as possible to minimize
parasitic inductance. Tl recommends to increase these trace widths shortly after routing away from the device
pin to minimize parasitic resistance.

Keep BSTx capacitors close to the respective pins

Keep CPH/CPL flying capacitor as close to the device pins as possible

Keep PVDD capacitors close to PVDD pin

Keep VDRAIN capacitor close to VDRAIN pin to supply steady switching current for the charge pump.
Additional bulk capacitance is required to bypass the high current path on the external MOSFETs. This bulk
capacitance is placed to minimize the length of any high current paths through the external MOSFETs. The
connecting metal traces are as wide as possible, with numerous vias connecting PCB layers. These practices
minimize inductance and let the bulk capacitor deliver high current.

Connect SLx pins to MOSFET source, not directly to GND, for accurate VDS detection.

Route SNx/SPx pins in parallel from the sense resistor to the device. Place filtering components close to the
device pins to minimize post-filter noise coupling. Maintain that SNx/SPx stays separated from GND plane to
achieve best CSA accuracy. The bypass capacitor across VREF and GND is placed closer to the device pin.
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* The exposed pad is used for thermal dissipation, not electrical grounding, and has a high-impedance
connection to the GND/AGND pins. Therefore, Tl recommends to connect the exposed pad to the best
thermal GND, and to connect the GND/AGND pins to the MCU-reference GND.

8.3.2 Layout Example

e,

-
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9 Device and Documentation Support

9.1 Documentation Support
9.1.1 Related Documentation

» Texas Instruments,Understanding Smart Gate Drive (Rev. D) application report

» Texas Instruments, Brushless-DC Motor Driver Considerations and Selection Guide (Rev. A) application
report

» Texas Instruments, Designing High-Side and 3-Phase Isolator MOSFET Circuits in Motor Apps application
note

» Texas Instruments, Best Practices for Board Layout of Motor Drivers (Rev. B) application note

* Texas Instruments,PowerPAD™ Thermally Enhanced Package application report

* Texas Instruments,PowerPAD™ Made Easy application report

» Texas Instruments,Sensored 3-Phase BLDC Motor Control Using MSP430 application report

» Texas Instruments, Hardware Design Considerations for an Electric Bicycle Using a BLDC Motor application
report

9.2 Receiving Notification of Documentation Updates

To receive notification of documentation updates, navigate to the device product folder on ti.com. In the upper
right corner, click on Alert me 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.

9.3 Community Resources

9.4 Trademarks
All trademarks are the property of their respective owners.

10 Revision History

NOTE: Page numbers for previous revisions may differ from page numbers in the current version.

DATE REVISION NOTES
May 2023 * Initial Release
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11 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 devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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PACKAGING INFORMATION

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ ©)
DRV8334EPHPRQ1 Active Production HTQFP (PHP) | 48 1000 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 150 DRV8334E
DRV8334QPHPRQ1 Active Production HTQFP (PHP) | 48 1000 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 125 DRV8334Q

@ status: For more details on status, see our product life cycle.

@ material type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

® RoHS values: Yes, No, RoHS Exempt. See the Tl RoHS Statement for additional information and value definition.

@ Lead finish/Ball material: Parts 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.

® msL rating/Peak reflow: The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

© part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

Multiple part markings will be inside parentheses. Only one part marking contained in parentheses and separated by a "~" will appear on a part. If a line is indented then it is a continuation of the previous line and the two
combined represent the entire part marking for that device.

Important Information and Disclaimer: The information provided on this page represents TI'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. TI 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.

OTHER QUALIFIED VERSIONS OF DRV8334-Q1 :
o Catalog : DRV8334
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NOTE: Qualified Version Definitions:

o Catalog - Tl's standard catalog product
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GENERIC PACKAGE VIEW
PHP 48 TQFP - 1.2 mm max height

7 x 7, 0.5 mm pitch QUAD FLATPACK

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

PHPO0048P PowerPAD™ HTQFP - 1.2 mm max height
PLASTIC QUAD FLATPACK
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NOTES:

[E=N

per ASME Y14.5M.

exceed 0.15 mm per side.
. Reference JEDEC registration MS-026.
. Feature may not be present.

[S21 =N w N

. 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

PowerPAD is a trademark of Texas Instruments.

. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
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EXAMPLE BOARD LAYOUT
PHPO0048P PowerPAD™ HTQFP - 1.2 mm max height

PLASTIC QUAD FLATPACK
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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. See technical brief, Powerpad thermally enhanced package,
Texas Instruments Literature No. SLMA002 (www.ti.com/lit/sima002) and SLMAQ004 (www.ti.com/lit/sima004).
9. Vias are optional depending on application, refer to device data sheet. It is recommended that vias under paste be filled, plugged
or tented.
10. Size of metal pad may vary due to creepage requirement.
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EXAMPLE STENCIL DESIGN

PHPO0048P PowerPAD™ HTQFP - 1.2 mm max height

PLASTIC QUAD FLATPACK
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STENCIL SOLDER STENCIL
THICKNESS OPENING
0.1 4.25 X 5.59
0.125 3.80 X 5.00 (SHOWN)
0.150 3.47 X 4.56
0.175 3.21 X 4.23
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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.
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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
Tl 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 © 2025, Texas Instruments Incorporated


https://www.ti.com/legal/terms-conditions/terms-of-sale.html
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