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5 Pin Configuration and Functions

DRV8702-Q1 RHB Package With Wettable Flanks DRV8703-Q1 RHB Package With Wettable Flanks
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Pin Functions
PIN
NAME NO. TYPE® DESCRIPTION
DRV8702-Q1 | DRV8703-Q1
Analog regulator. This pin is the 5-V analog supply regulator. Bypass this pin to
AVDD 14 14 PWR ground with a 6.3-V, 1-uF ceramic capacitor.
Charge-pump switching node. Connect a 0.1-uF X7R capacitor rated for the
CPH 30 30 PWR supply voltage (VM) between the CPH and CPL pins.
Charge-pump switching node. Connect a 0.1-uF X7R capacitor rated for the
CPL 31 81 PWR supply voltage (VM) between the CPH and CPL pins.
DVDD 12 12 PWR Logic regulator. This pin is the regulator for the 3.3-V logic supply. Bypass this
pin to ground with a 6.3-V, 1-uF ceramic capacitor.
GH1 18 18 O High-side gate. Connect this pin to the high-side FET gate.
GH2 26 26 O High-side gate. Connect this pin to the high-side FET gate.
GL1 20 20 O Low-side gate. Connect this pin to the low-side FET gate.
GL2 24 24 O Low-side gate. Connect this pin to the low-side FET gate.
GND 1 1 PWR Device ground. Connect this pin to the system ground.
GND 13 13 PWR Device ground. Connect this pin to the system ground.
GND 17 17 PWR Device ground. Connect this pin to the system ground.
GND — PWR Device ground. Connect this pin to the system ground.
GND — PWR Device ground. Connect this pin to the system ground.
GND — PWR Device ground. Connect this pin to the system ground.
Current setting pin for the gate drive. The resistor value or voltage forced on
IDRIVE 5 — | this pin sets the gate-drive current. For more information see the IDRIVE
Configuration section.
IN1/PH 2 2 | Input control pins. The logic of this pin is dependent on the MODE pin.
(1) 1=input, O = output, PWR = power, NC = no connect, OD = open-drain output
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Pin Functions (continued)

PIN
NO. TYPE® DESCRIPTION
NAME
DRV8702-Q1 | DRV8703-Q1

IN2/EN 3 3 | Input control pins. The logic of this pin is dependent on the MODE pin.
Mode control pin. Pull this pin to logic low to use H-bridge operation. Pull this
pin to logic high for independent half-bridge operation. This pin is connected to

MODE 11 11 | . . L : Mg
an internal resistor divider. Operation of this pin is latched on power up or when
exiting sleep mode.

NC 32 32 NC No connect. No internal connection.

SCLK — | SPI clock. This pin is for the SPI clock signal.

SDI — | SPI input. This pin is for the SPI input signal.
SPI output. This pin is for the SPI output signal. This pin is an open-drain

SDO — 4 oD . A
output that requires an external pullup resistor.

SH1 19 19 | High-side source. Connect this pin to the high-side FET source.

SH2 25 25 | High-side source. Connect this pin to the high-side FET source

SL2 23 23 O Low-side source. Connect this pin to the low-side FET source.

SN 22 22 | Shunt-amplifier negative input. Connect this pin to the current-sense resistor.

so 16 16 o Shunt-amplifier output. The voltage on this pin is equal to the SP voltage times
Ay plus an offset. Place no more than 1 nF of capacitance on this pin.

SP 21 21 | Shunt-amplifier positive input. Connect this pin to the current-sense resistor.

VCP 29 29 PWR Charge-pump' output. Connect a 16-V, 1-uF ceramic capacitor between this pin
and the VM pin.

VDRAIN 27 27 | High-side FET drain connection. This pin is common for the two H-bridges.
VDS monitor setting pin. The resistor value or voltage forced on this pin sets

VDS 6 — | the VDS monitor threshold. For more information see the VDS Configuration
section.

VM 28 28 PWR Power supply. Connect this pin to the motor supply voltage. Bypass this pin to
ground with a 0.1-puF ceramic plus a 10-puF (minimum) capacitor.

VREE 15 15 | Current set reference input. The voltage on this pin sets the driver chopping
current.
Watchdog fault indication pin. This pin is pulled logic low when a watchdog fault

nWDFLT — 9 oD condition occurs. This pin is an open-drain output that requires an external
pullup resistor.
Fault indication pin. This pin is pulled logic low when a fault condition occurs.

nNFAULT 10 10 oD This pin is an open-drain output that requires an external pullup resistor.

nSCS — 5 | SPI chip select. This pin is the select and enable for SPI. This pin is active low.
Device sleep mode. Pull this pin to logic low to put device into a low-power

NSLEEP 8 8 | sleep mode with the FETSs in high impedance (Hi-Z). This pin is connected to
an internal pulldown resistor.
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6 Specifications

6.1 Absolute Maximum Ratings

over operating free-air temperature range (unless otherwise noted)®

MIN MAX UNIT

Power supply voltage VM -0.3 47 \%
Charge pump voltage VCP, CPH -0.3 Vym + 12 \%
Charge pump negative switching pin CPL -0.3 Vym \%
Internal logic regulator voltage DVDD -0.3 3.8 \%
Internal analog regulator voltage AVDD -0.3 5.75 \%
Drain pin voltage VDRAIN -0.3 47 \%
xclsltRagleNdifference between supply and VM — VDRAIN ~10 10 v

IN1, IN2, nSLEEP, nFAULT, VREF, IDRIVE,
Control pin voltage VVDS, MODE, nSCS, SCLK, SDI, SDO, -0.3 5.75 \%

NWDFLT
High-side gate pin voltage GH1, GH2 -0.3 Vym + 12 \Y
Low-side gate pin voltage GL1, GL2 -0.3 12 \%
Continuous phase-node pin voltage SH1, SH2 -1.2 Vym + 1.2 \Y
Pulsed 10-pys phase-node pin voltage SH1, SH2 -2 Vym + 2 \Y
Continuous shunt amplifier input pin voltage SP, VSRC1 05 L v

SN -0.3 0.3 \Y
Pulsed 10-pys shunt amplifier input pin voltage | SP, VSRC1 -1 1 \%
Shunt amplifier output pin voltage SO -0.3 5.75 \%
Shunt amplifier output pin current SO 0 5 mA
gllea:i):rsntjen;igtuor:ent, limit current with external VDRAIN - 2 mA
Open-drain output current nFAULT, SDO, nWDFLT 10 mA
Gate pin source current GH1, GL1, GH2, GL2 250 mA
Gate pin sink current GH1, GL1, GH2, GL2 500 mA
Operating junction temperature, T, -40 150 °C
Storage temperature, Tgyg -65 150 °C

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

6.2 ESD Ratings

VALUE UNIT
Human-body model (HBM), per AEC Q100-002 +2000
Electrostatic . All pins +500
ViEsD)  gischarge Charged-device model (CDM), per AEC : v
Q100-011 Corner pins (1, 8, 9, 16, 17,
+750
24, 25, and 32)

(1) AEC Q100-002 indicates that HBM stressing shall be in accordance with the ANSI/ESDA/JEDEC JS-001 specification.

Copyright © 2016-2017, Texas Instruments Incorporated 5
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6.3 Recommended Operating Conditions
MIN MAX UNIT
Vym Power supply voltage VM 55 45 \%
Vee Logic-level input voltage 0 5.25 \%
VVREF Reference root-mean-square (rms) voltage VREF 0.3W 3.6 \%
frrwm) Applied PWM signal (IN1/IN2) IN1, IN2 100 kHz
IAvDD AVDD external load current 300 mA
IovbD DVDD external load current 30@ mA
Iso Shunt-amplifier output-current loading SO 5 mA
Ta Operating ambient temperature -40 125 °C
(1) Operational at Vyrer = 0 to approximately 0.3 V, but accuracy is degraded.
(2) Power dissipation and thermal limits must be observed.
6.4 Thermal Information
DRV870x-Q1
THERMAL METRIC® RHB (VQFN) UNIT
32 PINS
Rgia Junction-to-ambient thermal resistance 32.9 °C/W
Rojctop) Junction-to-case (top) thermal resistance 19.6 °C/W
Rgis Junction-to-board thermal resistance 6.8 °C/W
WIT Junction-to-top characterization parameter 0.3 °C/W
Vi Junction-to-board characterization parameter 6.8 °C/W
Roscbot) Junction-to-case (bottom) thermal resistance 1.8 °C/W

(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report (SPRA953).

6.5 Electrical Characteristics
Over recommended operating conditions unless otherwise noted. Typical limits apply for T, = 25°C and Vyy = 13.5V

PARAMETER | TEST CONDITIONS MIN TYP MAX UNIT
POWER SUPPLIES (VM, AVDD, DVDD)
. Gate drivers functional 55 45

Vvm VM operating voltage - - \%
Logic functional 4.5 45

lym VM operating supply current Vym = 13.5 V; nSLEEP=1 5.5 7.5 12 mA

(sLEEP) VM sleep mode supply current NSLEEP =0, Vyy =135V, Tp = 25°C 14 HA
NSLEEP = 0, Vyy = 135V, Ta = 125°C® 25

Vbvob Internal logic regulator voltage 2:mA load 3 33 35 \Y
30-mA load, Vyy =135V 29 3.2 35

VAvDD Internal logic regulator voltage 2:mA load all > >3 \Y
30-mA load, Vyy =135V 4.6 5 53

CHARGE PUMP (VCP, CPH, CPL)
Vym = 13.5 V; lycp = 0 to 12 mA 225 235 245

Vvep VCP operating voltage Vym =8 V; lycp = 0to 10 mA 13.7 14 14.8 \%
Vym = 5.5 V; lycp = 0 to 8 mA 8.9 9.1 9.5
Vym > 135V 12

lvep Charge-pump current capacity 8V<Vyy<135V 10 mA
55V<Vyy<8V 8

(1) Ensured by design and characterization data.

6 Copyright © 2016-2017, Texas Instruments Incorporated
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Electrical Characteristics (continued)

Over recommended operating conditions unless otherwise noted. Typical limits apply for T, = 25°C and Vy, = 13.5V

PARAMETER | TEST CONDITIONS | MIN TYP MAX | UNIT
CONTROL INPUTS (IN1, IN2, nSLEEP, MODE, nSCS, SCLK, SDI, PH, EN)
Vi Input logic-low voltage 0 0.8 \%
\m Input logic-high voltage 15 5.25 \%
Vhys Input logic hysteresis 100 mV
m Input logic-low current ViNn=0V -5 5 HA
I Input logic-high current ViN=5V 70 HA
Rpp Pulldown resistance 64 100 173 kQ
CONTROL OUTPUTS (nFAULT, WDFAULT, SDO)
VoL Output logic-low voltage lo=2mA 0.1 \%
loz Output high-impedance leakage |5V pullup voltage -2 2 HA
FET GATE DRIVERS (GH1, GH2, SH1, SH2, GL1, GL2)
Vym > 13.5 V; Vgsy with respect to SHx 10.5 11.5
High-side Vgs gate drive (gate- _ . -
VGsH to-source) Vym = 8 V; Vgsy With respect to SHx 5.7 6.8 \%
Vym = 5.5 V; Vgsy With respect to SHx 3.4 4
V. Low-side Vg gate drive (gate-to- | Yvm > 105V 105 v
GsL source) Vym < 10.5 V Vym — 2
R(IDRIVE) < 1kQ to GND (DRVS?OZ) or 10
IDRIVE = 3'b000 (DRV8703)
R(IDRIVE) = 33kQ to GND (DRV8702) or 20
IDRIVE = 3'b001 (DRV8703)
R(IDRIVE) = 200kQ to GND (DRV8702) or 50
IDRIVE = 3'b010 (DRV8703)
High-side peak source current IDRIVE = 3'b011 (DRV8703) 70
IDRIVE(SRC_HS) Vo, = 5.5V o mA
(Vym = 5.5V) IDRIVE = 3'b100 (DRV8703) 100
R(IDRIVE) > 2MQ to GND (DRVS?OZ) or 145
IDRIVE = 3'b101 (DRV8703)
R(IDRIVE) = 68kQ to AVDD (DRV8702) or 190
IDRIVE = 3'b110 (DRV8703)
R(IDRIVE) = 1kQ to AVDD (DRV8702) or 240
IDRIVE = 3'b111 (DRV8703)
R(IDRIVE) < 1kQ to GND (DRVS?OZ) or 20
IDRIVE = 3'b000 (DRV8703)
R(IDRIVE) = 33kQ to GND (DRV8702) or 40
IDRIVE = 3'b001 (DRV8703)
R(IDRIVE) = 200kQ to GND (DRV8702) or 90
IDRIVE = 3'b010 (DRV8703)
High-side peak sink current IDRIVE = 3'b011 (DRV8703) 120
IDRIVE(SNK_HS) Vo = 5.5V o mA
(Vym = 5.5V) IDRIVE = 3'b100 (DRV8703) 170
R(IDRIVE) > 2MQ to GND (DRVS?OZ) or 250
IDRIVE = 3'b101 (DRV8703)
R(IDRIVE) = 68kQ to AVDD (DRV8702) or 330
IDRIVE = 3'b110 (DRV8703)
R(IDRIVE) = 1kQ to AVDD (DRV8702) or 420
IDRIVE = 3'b111 (DRV8703)
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Electrical Characteristics (continued)

Over recommended operating conditions unless otherwise noted. Typical limits apply for T, = 25°C and Vy, = 13.5V

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
R(IDRIVE) < 1kQ to GND (DRV8702) or 10
IDRIVE = 3'b000 (DRV8703)
R(IDRIVE) = 33kQ to GND (DRV8702) or 20
IDRIVE = 3'b001 (DRV8703)
R(IDRIVE) = 200kQ to GND (DRVS?OZ) or 40
IDRIVE = 3'b010 (DRV8703)
| Low-side peak source current IDRIVE = 3'b011 (DRV8703) 55 A
DRIVEGRC_LS) vy = 5.5V) IDRIVE = 3b100 (DRV8703) 75
R(IDRIVE) > 2MQ to GND (DRVS?OZ) or 115
IDRIVE = 3'b101 (DRV8703)
R(IDRIVE) = 68kQ to AVDD (DRV8702) or 145
IDRIVE = 3'b110 (DRV8703)
R(IDRIVE) = 1kQ to AVDD (DRV8702) or 190
IDRIVE = 3'b111 (DRV8703)
R(IDRIVE) < 1kQ to GND (DRV8702) or 20
IDRIVE = 3'b000 (DRV8703)
R(IDRIVE) = 33kQ to GND (DRV8702) or 40
IDRIVE = 3'b001 (DRV8703)
R(IDRIVE) = 200kQ to GND (DRVS?OZ) or 85
IDRIVE = 3'b010 (DRV8703)
| Low-side peak sink current IDRIVE = 3'b011 (DRV8703) 115 A
DRIVEGNKLS)  (Vyy = 5.5V) IDRIVE = 3b100 (DRV8703) 160
R(IDRIVE) > 2MQ to GND (DRVS?OZ) or 235
IDRIVE = 3'b101 (DRV8703)
R(IDRIVE) = 68kQ to AVDD (DRV8702) or 300
IDRIVE = 3'b110 (DRV8703)
R(IDRIVE) = 1kQ to AVDD (DRV8702) or 360
IDRIVE = 3'b111 (DRV8703)
R(IDRIVE) < 1kQ to GND (DRV8702) or 10
IDRIVE = 3'b000 (DRV8703)
R(IDRIVE) = 33kQ to GND (DRV8702) or 20
IDRIVE = 3'b001 (DRV8703)
R(IDRIVE) = 200kQ to GND (DRVS?OZ) or 50
IDRIVE = 3'b010 (DRV8703)
| High-side peak source current IDRIVE = 3'b011 (DRV8703) 70 A
DRIVEGSRC_HS)  (vyy = 13.5V) IDRIVE = 3b100 (DRV8703) 105
R(IDRIVE) > 2MQ to GND (DRVS?OZ) or 155
IDRIVE = 3'b101 (DRV8703)
R(IDRIVE) = 68kQ to AVDD (DRV8702) or 210
IDRIVE = 3'b110 (DRV8703)
R(IDRIVE) = 1kQ to AVDD (DRV8702) or 260
IDRIVE = 3'b111 (DRV8703)

8 Copyright © 2016-2017, Texas Instruments Incorporated
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Electrical Characteristics (continued)

Over recommended operating conditions unless otherwise noted. Typical limits apply for T, = 25°C and Vy, = 13.5V

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
R(IDRIVE) < 1kQ to GND (DRVS?OZ) or 20
IDRIVE = 3'b000 (DRV8703)
R(IDRIVE) = 33kQ to GND (DRV8702) or 40
IDRIVE = 3'b001 (DRV8703)
R(IDRIVE) = 200kQ to GND (DRV8702) or 95
IDRIVE = 3'b010 (DRV8703)
| High-side peak sink current IDRIVE = 3'b011 (DRV8703) 130 A
DRIVESNKHS) (v = 13.5V) IDRIVE = 3b100 (DRV8703) 185
R(IDRIVE) > 2MQ to GND (DRVS?OZ) or 265
IDRIVE = 3'b101 (DRV8703)
R(IDRIVE) = 68kQ to AVDD (DRV8702) or 350
IDRIVE = 3'b110 (DRV8703)
R(IDRIVE) = 1kQ to AVDD (DRV8702) or 440
IDRIVE = 3'b111 (DRV8703)
R(IDRIVE) < 1kQ to GND (DRVS?OZ) or 10
IDRIVE = 3'b000 (DRV8703)
R(IDRIVE) = 33kQ to GND (DRV8702) or 20
IDRIVE = 3'b001 (DRV8703)
R(IDRIVE) = 200kQ to GND (DRV8702) or 45
IDRIVE = 3'b010 (DRV8703)
| Low-side peak source current IDRIVE = 3'b011 (DRV8703) 60 A
DRIVESRC_LS) (v = 13.5V) IDRIVE = 3b100 (DRV8703) 90
R(IDRIVE) > 2MQ to GND (DRVS?OZ) or 130
IDRIVE = 3'b101 (DRV8703)
R(IDRIVE) = 68kQ to AVDD (DRV8702) or 180
IDRIVE = 3'b110 (DRV8703)
R(IDRIVE) = 1kQ to AVDD (DRV8702) or 225
IDRIVE = 3'b111 (DRV8703)
R(IDRIVE) < 1kQ to GND (DRV8702-Q1) or 20
IDRIVE = 3'b000 (DRV8703-Q1)
R(IDRIVE) =33 kQ to GND (DRV8702'Q1) 40
or IDRIVE = 3'b001 (DRV8703-Q1)
Rprive) = 200 kQ to GND (DRV8702-Q1) o5
or IDRIVE = 3'b010 (DRV8703-Q1)
| Low-side peak sink current IDRIVE = 3'b011 (DRV8703-Q1) 125 A
DRIVEGNKLS) (v = 13.5V) IDRIVE = 3'b100 (DRV8703-Q1) 180
R(IDRIVE) > 2 MQ to GND (DRV8702-Q1) 260
or IDRIVE = 3'b101 (DRV8703-Q1)
Rprive) = 68 kQ to AVDD (DRV8702-Q1) 350
or IDRIVE = 3'b110 (DRV8703-Q1)
R(IDRIVE) =1 kQ to AVDD (DRV8702'Q1) 430
or IDRIVE = 3'b111 (DRV8703-Q1)
. Source current after tprve 10
lHoLp FET holding current - mA
Sink current after tprve 40
| FET holdoff st Id Ghix 750 A
oldoff strong pulldown m
STRONG gp Glx 1000
. Pulldown GHXx to SHx 150
R(oFr) FET gate holdoff resistor kQ
Pulldown GLx to GND 150
CURRENT SHUNT AMPLIFIER AND PWM CURRENT CONTROL (SP, SN, SO, VREF)
VVREE VREF input rms voltage For current internal chopping | 0.3@ 3.6 \%

(2) Operational at Vyrer = 0 to approximately 0.3 V, but accuracy is degraded.

Copyright © 2016-2017, Texas Instruments Incorporated 9
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Electrical Characteristics (continued)

Over recommended operating conditions unless otherwise noted. Typical limits apply for T, = 25°C and Vy, = 13.5V

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
DRV8702-Q1 and DRV8703-Q1 1 MQ
) . VREF_SCL = 00 (100%)
RvRrer VREF input impedance
DRV8703-Q1 VREF_SCL = 2'b01, 2'b10 175 kO
or 2’b11
Ay Amplifier gain (DRV8702-Q1) 60 < Vgp < 225 mV; Vgy = GND 19.3 19.8 20.3 VIV
E;AIN_CS =00; 10 < Vgp < 450 mV; Vgy 9.75 10 10.25
= GND
GAINSCS = 01: 60 < Vsp < 225 mV: Van 193 198 203
Ay Amplifier gain (DRV8703-Q1) VIV
GAIN_CS =10; 10 < Vgp < 112 mV; Vgy
- 384 39.4 40.4
= GND
GAIN_CS =11; 10 < Vgp <56 mV; Vg =
GND 73 78 81
Vio Input-referred offset Vsp = Vgy = GND 5 10 mV
VIO(DRIFT) Drift offset(z) Vsp = VSN = GND 10 IJV/OC
Isp SP input current Vgp = 100 mV; Vg = GND -20 HA
Vso SO pin output voltage range Ay X Vogg 4.5 \%
C(so) Allowable SO pin capacitance nF
PROTECTION CIRCUITS
VM falling; UVLO2 report 5.25 5.45
V(uvLo2) VM undervoltage lockout — \%
VM rising; UVLOZ2 recovery 54 5.65
V(uvLo1) Logic undervoltage lockout 4.5 \%
Vhys(UVLO) VM undervoltage hysteresis Rising to falling threshold 100 mV
VCP falling; CPUV report VV"]"_;
Vicp_uv) Charge pump undervoltage : \%
VCP rising; CPUV recovery Vum *
1.55
Vhys(cP_uv) CP undervoltage hysteresis Rising to falling threshold 50 mV
Rps) < 1 kQ to GND 0.06
Overcurrent protection trip level, | Ryps) = 33 kQ to GND 0.12
Vps of each external FET R = 200 kQ to GND 0.24
V(s ocp) (DRV8702-Q1) (vDS) v
High side FETs: VDRAIN — SHx | Rivos) > 2 MQ to GND 0.48
Low side FETs: SHx — SP/SL2 Rwps) = 68 kQ to AVDD 0.96
Rps) <1 kQ to AVDD Disabled
VDS_LEVEL = 3'b000 0.06
VDS_LEVEL = 3'b001 0.145
Overcurrent protection trip level, | VDS_LEVEL = 3'b010 0.17
Vps of each external FET VDS LEVEL = 3b011 0.2
V(ps_ocp) (DRV8703-Q1) = : \Y;
High-side FETs: VDRAIN — SHx | VDS_LEVEL = 3'b100 0.12
Low-side FETs: SHx — SP/SL2 VDS_LEVEL = 3'b101 0.24
VDS_LEVEL = 3'b110 0.48
VDS_LEVEL = 3b111 0.96
Overcurrent protection trip level, .
V(sp_ocp) measured by sense amplifier Vsp with respect to GND 0.8 1 1.2 \%
Totw) Thermal warning temperature® | Die temperature T; 120 135 145 °C
Tsp Thermal shutdown temperature® | Die temperature T; 150 °C
Thys Thermal shutdown hysteresis® | Die temperature T; 20 °C
. ) Positive clamping voltage 16.3 17 17.8
Ve(es) Gate-drive clamping voltage - - \%
Negative clamping voltage -1 -0.7 -0.5
10 Copyright © 2016-2017, Texas Instruments Incorporated
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6.6 SPI Timing Requirements

MIN NOM MAX UNIT
tcLk) Minimum SPI clock period 100 ms
tcLKH) Clock high time 50 ns
tcLk) Clock low time 50 ns
tsu(spr) SDI input data setup time 20 ns
th(spl) SDI input data hold time 30 ns
th(spo) SDO output hold time 40 ns
tsu(scs) SCS setup time 50 ns
thiscs) SCS hold time 50 ns
tHi scs) SCS minimum high time before SCS active low 400 ns

6.7 Switching Characteristics
Over recommended operating conditions unless otherwise noted
PARAMETER ’ TEST CONDITIONS MIN TYP MAX UNIT
POWER SUPPLIES (VM, AVDD, DVDD)
t(sLEEP) Sleep time NSLEEP = low to sleep mode 100 us
towu) Wake-up time nSLEEP = high to output change 1 ms
ton Turnon time VM > UVLO2 to output transition 1 ms
CHARGE PUMP (VCP, CPH, CPL)
fsver) Charge-pump switching frequency ‘ VM > UVLO2 ‘ 200 400 700 | kHz
CONTROL INPUTS (IN1, IN2, nSLEEP, MODE, nSCS, SCLK, SDI, PH, EN)
thd Propagation delay ‘ IN1, IN2 or PH, EN to GHx or GLx ‘ 500 | ns
FET GATE DRIVERS (GH1, GH2, SH1, SH2, GL1, GL2)
{(OEAD) Output dead time (DRV8702-Q1) %ff\;éegei‘t?n%‘”) depends on 240 ns
TDEAD = 2'b00; Observ_ed toEAD) 120
depends on IDRIVE setting
TDEAD = 2'b01; Observ_ed toEAD) 240
. depends on IDRIVE setting
toEAD) Output dead time (DRV8703-Q1) X ns
TDEAD = 2'b10; Observ_ed toEAD) 480
depends on IDRIVE setting
TDEAD = 2'b11; Observ_ed toEAD) 960
depends on IDRIVE setting
toRIVE) Gate drive time 2.5 us
CURRENT SHUNT AMPLIFIER AND PWM CURRENT CONTROL (SP, SN, SO, VREF)
Vsp = Vgn = GND to Vgp = 240 mV, 05
Vgn = GND, Ay= 10; C(sp) = 200 pF
Vgp = Vgy = GND to Vgp = 120 mV, 1
ts Settling time to +1% Y Vsn = GND, Av= 20; Cso) = 200 pF us
Vsp = Vgy = GND to Vgp = 60 mV, 5
Vgn = GND, Ay= 40; C(sp) = 200 pF
Vgp = Vgy = GND to Vgp = 30 mV, 4
Vsn = GND, Ay= 80; C(sp) = 200 pF
toff PWM off-time (DRV8702-Q1) 25 us
TOFF =00 25
. TOFF =01 50
toff PWM off-time (DRV8703-Q1) TOFF = 10 100 us
TOFF =11 200
t(BLANK) PWM blanking time 2 us
(1) Ensured by design
Copyright © 2016-2017, Texas Instruments Incorporated 11
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Switching Characteristics (continued)

Over recommended operating conditions unless otherwise noted

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
PROTECTION CIRCUITS
tuvLo) VM UVLO falling deglitch time VM falling; UVLO report 10 us
toocp) Overcurrent deglitch time 3.7 4 4.3 us
Y{RETRY) Overcurrent retry time 2.8 3 3.2 ms
WD_DLY = 2'b00 10
t Watchdog ti t (DRV8703-Q1) WD _DLY = 2b01 20
atchdog time ou - ms
(WD) 9 WD_DLY = 2'b10 50
WD_DLY = 2'b11 100
tRESET) Watchdog timer reset period 64 us
SPI
tspi_reapy) SPI read after power on VM > VUVLO1 5 10 ms
SDO output data delay time, CLK _
ty(spo) high to SDO valid CL=20pF 3| ns
t SCS access time, SCS low to SDO 10 ns
a out of high impedance
t SCS disable time, SCS high to 10 ns
dis SDO high impedance
, thiscs \ tsu_scs \ ; Tho_scs |
" (T > i >
SCs | | | |
| N\ | |
| | i |
| | teok | |
| |~ T > | |
| | | | |
| | l |
I /1 N\ J/Ir \ I
SCLK I | | | | |
| I . T | :
-« » < » |
: : tcikn : ! t ek | | |
| | | ! | |
sDI MSB in >< ><
>< (must be valid) LSB
T T Y f -
! | |
: : ¢ > | |
| | tsu_sor ! thp_soi | |
| I | | | | |
SDO z >< >< MSB out (is valid) >< >< LSB >< >< z
| T T | | \
! [ I I I |
| . : * > ! |
tacc tospo ' ! t Hp_spo tos
1. SPI Slave Mode Timing Definition
12 MY © 2016-2017, Texas Instruments Incorporated
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SCS \

w
x

SCLK M

A
hMM/\

Latch Points

e N i BEES EEES

SDI X MSB }( ):( ):( ):( LSB )C
SDO )i( MSB )i( iX )|< )i( )i( LSB ><:

6.8 Typical Characteristics

2. SPI Slave Mode Timing Diagram

8.4 8.4
_— VVM =55V
8.1 1| T ywm=135V o
VM = |_—1
z 78 z 7.8 —|
575 /' 5 15—
5 5
Q 72 / Q 7.2 — L
a 6.9 a 6.9
/ al
— Ta=-40°C
o8’ — Ta=25°C 6.6
Ta=125°C
6.3 6.3
5 10 15 20 25 30 35 40 45 -50 -25 0 25 50 75 100 125
Supply Voltage (V) Temperature (°C)
3. Supply Current vs Supply Voltage (VM) 4. Supply Current vs Temperature
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Typical Characteristics (T X)

21 21
—— Ta=-40°C — Vym =55V
19— Ta =25°C 19| Vym =135V
Ta=125°C Vym =45V
~ 17 = 17
2 !
E 15 E 15
g g
13 13
Q. Q.
%] 11 n 11
— /
9 // 0 /
/
// /
7 7
5 10 15 20 25 30 35 40 45 -50 -25 0 25 50 75 100 125
Supply Voltage (V) Temperature (°C)
5. Sleep Current vs Supply Voltage (VM) 6. Sleep Current vs Temperature
3.4 5.1
— Ta=-40°C
—— Ta=25°C
3.35 Ta=125°C
5.05 |- —
3.3
S s
a)
g 3.25 g 5
a) <
3.2
4.95
3.15 — Ta=-40°C
— Ta=25°C
Ta=125°C
3.1 4.9
5 10 15 20 25 30 35 40 45 5 10 15 20 25 30 35 40 45
Supply Voltage (V) Supply Voltage (V)
2-mA load 2-mA load
7. DVDD Regulator 8. AVDD Regulator
3.26 5.1
3.24 5 L
— ] io /
3.22 : /)
| 48 /
3.2 i /
S S 47
< 38 < /
4.6
S 316 s I
a) < 45 /
3.14 4.4
3.12
—— Ta=-40°C 4.3 — Ta=-40°C
31 — Ta=25°C 42 Ta=25°C
Ta=125°C Ta=125°C
3.08 4.1
5 10 15 20 25 30 35 40 45 5 10 15 20 25 30 35 40 45 50
Supply Voltage (V) Supply Voltage (V)
30-mA load 30-mA load
9. DVDD Regulator 10. AVDD Regulator
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Typical Characteristics (T X)

10 19.9
— V\/M:5.5V — VVM:5.5V
— Vym =135V — Vym =135V
9.98 Vym =45V 19.84 = Vym =45V
s s B
2 2
= 9.96 = 19.78
[ ©
O] e o
ks &
£ 994 £ 19.72
[=% [=3
£ €
< <
9.92 19.66
9.9 19.6
-50 -25 0 25 50 75 100 125 -50 -25 0 25 50 75 100 125
Temperature (°C) Temperature (°C)
10-V/V gain 19.8-V/V gain
11. Amplifier Gain 12. Amplifier Gain
40 79
— Vym=55V 18.8 — Vym =55V
— V\/M =135V " — VVM =135V
Vym = 45V \ Vym = 45V
39.8 78.6 VM
\
S S 784 S~
S s —
c 39.6 = 78.2
© ©
o o 78 =~
3 5
£ 394 —— £ 778
\
39.2 77.4
77.2
39 77
-50 -25 0 25 50 75 100 125 -50 -25 0 25 50 75 100 125
Temperature (°C) Temperature (°C)
39.4-V/V gain 78-VIV gain
13. Amplifier Gain 14. Amplifier Gain
0.1 0.18
— Vym =55V — Vym =55V
009 — YWwm=135V 0.17| — Vwm =135V
. Vym =45V Vym =45V
0.08 0.16
> 2 015
2 0.07 2
g g 0.14
g 00 8 013
0.05 012
0.04 011 ]
0.03 0.1
-50 -25 0 25 50 75 100 125 -50 -25 0 25 50 75 100 125
Temperature (°C) Temperature (°C)
Vps(ocp) = 0.06 V Vps(ocp) = 0.12V
15. OCP Threshold Voltage 16. OCP Threshold Voltage
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Typical Characteristics (T R)
0.19 0.27
_VVMZS.SV _VVMZS.SV
— VVM =135V — VVM =135V
0.18 Vym = 45V 0.26 Vym = 45V
/
S < 025
o 017 F—— P
£ £ -
5 2 024 & | i
%) %)
K 0.16 A
> > 0.23
0.15 0.22
0.14 0.21
-50 -25 0 25 50 75 100 125 -50 -25 0 25 50 75 100 125
Temperature (°C) Temperature (°C)
Vps(ocp) = 0.17 V Vps(ocp) = 0.24 V
17. OCP Threshold Voltage 18. OCP Threshold Voltage
0.51 1
_V\/M:5.5V b VVM:5.5V
0.505] __ Vym =135V 0.99 — Vyu=135V
0.5 Vym = 45 V : Vym =45V
06422 — 0.98
s Y — —— > —_ L —
2 0.485 2 097 E— —
g 0.48 g _—
«n 0.475 o 0.96
a) a)
> 047 >
0.465 0.95
0.46 0.94
0.455
0.45 0.93
-50 -25 0 25 50 75 100 125 -50 -25 0 25 50 75 100 125
Temperature (°C) Temperature (°C)
VDS(OCP) =048V VDS(OCP) =0.86V
19. OCP Threshold Voltage 20. OCP Threshold Voltage
300 500
— 3b111 3b101 —— 3011 — 3b111 3b101 —— 3011
—— 3b110 — 3H100 —— 3'b010 450 —— 3b110 — 3H100 —— 3'b010
250 400
200 350
z < 300
E E
w 150 w 250 |—
> >
3 & 200
100 150
50 100
50
0 0
-50 -25 0 25 50 75 100 125 -50 -25 0 25 50 75 100 125
Temperature (°C) Temperature (°C)
VVM =55V VVM =55V
21. High-Side Source Current 22. High-Side Sink Current
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Typical Characteristics (T X)

250 450
— 3b111 3101 —— 3'b011 — 3b111 3'h101 —— 3'b011
—— 3b110 —— 3'b100 —— 3'b010 400 —— 3b110 —— 3100 —— 3010
200 350
I 300
< 150 <
£ E 250
g Y
= £ 200
& 100 & _
150
T—
50 100
50
0 0
-50 -25 0 25 50 75 100 125 -50 -25 0 25 50 75 100 125
Temperature (°C) Temperature (°C)
VVM =55V VVM =55V
23. Low-Side Source Current 24. Low-Side Sink Current
350 550
— 3111 3b101 —— 3b011 — 3b111 3101 —— 3'b011
300 —— 3b110 —— 3%100 —— 3'b010 500 —— 3b110 —— 3H100 —— 3'b010
450
250 400
T z 350
E 200 £ 300
: 2 250
Z 150 x
- — 200
100 150
100
50
50
0 0
-50 -25 0 25 50 75 100 125 -50 -25 0 25 50 75 100 125
Temperature (°C) Temperature (°C)
VVM =135V VVM =135V
25. High-Side Source Current 26. High-Side Sink Current
300 550
— 3b111 3'h101 —— 3'b011 — 3b111 3'h101 —— 3'b011
—— 3b110 —— 3%100 —— 3'b010 500 —— 3b110 —— 3%100 —— 3'b010
250 450
400
200 350
< <
£ £ 300
z Z 250
- = 200
100
150
50 100
50
0 0
-50 -25 0 25 50 75 100 125 -50 -25 0 25 50 75 100 125
Temperature (°C) Temperature (°C)
VVM =135V VVM =135V
27. Low-Side Source Current 28. Low-Side Sink Current
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7 Detailed Description

7.1 Overview

The DRV870x-Q1 device is an H-bridge gate driver (also called a gate controller). The device integrates FET
gate drivers to control four external NMOS FETs. The device is capable of driving each half-bridge
independently. The device can be powered with a supply voltage from 5.5 V to 45 V.

A configurable PH/EN, independent half-bridge control, or PWM interface allows easy interfacing to the controller
circuit.

The device has a low-power sleep mode that is enabled using the nSLEEP pin.

The gate drive strength can be adjusted to optimize a system for a given FET size without adding external series
resistors. The IDRIVE pin allows for selection of the peak current driven into the external FET gate. Both the
high-side and low-side FETs are driven with a gate source voltage (Vgs) of 10.5 V (nominal) when the VM
voltage is more than 13.5 V. At lower VM voltages, the Vg is reduced. The high-side gate drive voltage is
generated using a doubler-architecture charge pump that regulates to the VM + 10.5 V.

This device significantly reduces the component count of discrete motor-driver systems by integrating the
required FET drive circuitry into a single device. The DRV870x-Q1 device also has protection features beyond
traditional discrete implementations including: undervoltage lockout (UVLO), overcurrent protection (OCP), gate-
driver faults, and thermal shutdown (TSD).

A start-up (inrush) or running current limitation is built in using a fixed time-off current chopping scheme. The
chopping current level is set by selecting the value of the sense resistor and setting a voltage on the VREF pin.

A shunt-amplifier output provides accurate current measurements by the system controller. The SO pin outputs a
voltage that is approximately 20 times the voltage across the sense resistor on the DRV8702-Q1 device. For the
DRV8703-Q1, this gain is configurable.
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7.2 Functional Block Diagram

0.1 uF 10 uF
VM I I (minimum)
L
VM
- A
Power Gate Driver
VDRAIN
Vvep
—
GH1
HS— Ird-}
'_
Charge Pump |—e SH1
VeLs
—
GL1
s ] <&
'_
3.3-VLDO —o )
Logic
by &
A
5-V LDO —o
Gate Driver
Vyep
Veis LDO — aHz| |2
H54>!i r IH—
'—
SH2
IN1/PH VoLs
GL2
Lsa‘\T\
IN2/EN
4[ SL2
NSLEEP
Current Regulation
Control Inputs sp
MODE

IDRIVE

SN

R(sense)

SO

|||—»—’\N\,

VREF

v

A
—
L

Tl
T

=]

PAD PAD PAD

29. DRV8702-Q1 Functional Block Diagram
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Functional Block Diagram (¥ TF3)
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30. DRV8703-Q1 Functional Block Diagram
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7.3 Feature Description

% 1 and ik 2 list the recommended external components for the device.

F 1. External Components

COMPONENT PIN 1 PIN 2 RECOMMENDED
Cvma VM GND 0.1-pF ceramic capacitor rated for VM
Civm2) VM GND 2 10-pF electrolytic capacitor rated for VM
Cvcp) VCP VM 16-V, 1-uF ceramic capacitor
Cisw) CPH CPL 0.1-puF X7R capacitor rated for VM
C(ovop) DVDD GND 6.3-V, 1-uF ceramic capacitor
C(avpD) AVDD GND 6.3-V, 1-uF ceramic capacitor
R(prive) IDRIVE GND For resistor sizing, see the Typical Application section
Rbs) VDS GND For resistor sizing, see the Typical Application section
R(FauLT) Vec® NnFAULT 210 kQ
R(wDFLT) Vec® NWDFLT 210 kQ
R(sensE) SP SN or GND Optional low-side sense resistor
Ryorany @ VDRAIN VM 100-Q series resistor

(1) The V¢ pin is not a pin on the DRV870x-Q1, but a V¢ supply voltage pullup is required for open-drain outputs nFAULT. These pins

can be pulled up to either AVDD or DVDD.
(2) The Ryprain resistor should be used between the VDRAIN and VM pins to minimize current to the VDRAIN pin if no external reserve
battery protection is implemented on the VDRAIN pin.

5% 2. External Gates

COMPONENT GATE DRAIN SOURCE RECOMMENDED
Qs cH1 VM sH1 Supports FETs up to 200 nC at 40 kHz
Qs GL1 SH1 SP or GND PWM
QHs2) GH2 VM SH2 For more information, see Application
and Implementation
Q(Ls2) GL2 SH2 SP or GND

7.3.1 Bridge Control

The DRV870x-Q1 device is controlled using a configurable input interface. The Logic Tables section provides the
full H-bridge state. These tables do not consider the current control built into the DRV870x-Q1 device. Positive
current is defined in the direction of SH1 — SH2. The logic operation set by the MODE pin is latched on power-
up or when exiting sleep mode.
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31. Bridge Control
7.3.1.1 Logic Tables
5= 3, & 4, and 3 5 are the device logic tables. An X denotes a don't care input or output.
Fz 3. DRV870x-Q1 PH and EN Control Interface (MODE = 0)
nSLEEP | IN1/PH IN2/EN GH1 GL1 SH1 GH2 GL2 SH2 AVDD/DVDD DESCRIPTION
0 X X X X Hi-Z X X Hi-Z Disabled Sleep mode H bridge disabled Hi-Z
1 X 0 0 1 L 0 1 L Enabled Brake low-side slow decay
1 0 1 0 1 L 1 0 H Enabled Reverse (Current SH2 — SH1)
1 1 1 1 0 H 0 1 L Enabled Forward (Current SH1 — SH2)
#k 4. DRV870x-Q1 Independent PWM Control Interface (MODE = 1)
NnSLEEP | IN1/PH IN2/EN GH1 GL1 SH1 GH2 GL2 SH2 AVDD/DVDD DESCRIPTION
0 X X X X Hi-Z X X Hi-Z Disabled Sleep mode H bridge disabled Hi-Z
1 X 0 X X X 0 1 L Enabled Half-bridge 2 low side on
1 X 1 X X X 1 0 H Enabled Half-bridge 2 high side on
1 0 X 0 1 L X X X Enabled Half-bridge 1 low side on
1 1 X 1 0 H X X X Enabled Half-bridge 1 high side on
#z 5. DRV870x-Q1 Standard PWM Control Interface (MODE = Hi-Z)
NnSLEEP | IN1/PH IN2/EN GH1 GL1 SH1 GH2 GL2 SH2 AVDD/DVDD DESCRIPTION
0 X X X X Hi-Z X X Hi-Z Disabled Sleep mode H bridge disabled Hi-Z
1 0 0 0 0 Hi-Z 0 0 Hi-Z Enabled Coast H bridge disabled Hi-Z
1 0 1 0 1 L 1 0 H Enabled Reverse (Current SH2 — SH1)
1 1 0 1 0 H 0 1 L Enabled Forward (Current SH1 — SH2)
1 1 1 0 1 L 0 1 L Enabled Brake low-side slow decay
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7.3.2 MODE Pin

The MODE pin of the device determines the control interface and latches on power-up or when exiting sleep
mode. B 32 shows an overview of the internal circuit of the MODE pin.

DVDD
O
=
> >+
— P
f 1.35 V—>—
Digital
MODE % 26 kQ Core
o » +
>
65kQ 0.75 V—¥—

32. MODE Pin Block Diagram

3 6 lists the different control interfaces that can be set via MODE pin at power-up or when exiting sleep mode.

# 6. MODE Pin Configuration

MODE CONTROL INTERFACE
0 PH or EN
1 Independent half-bridge
Hi-Z PWM

During the device power-up sequence, the DVDD pin is enabled first. Then the MODE pin latches. Finally the
AVDD pin is enabled. For setting PWM control interface, Tl does not recommended connecting the MODE pin to
the AVDD pin. Instead the MODE pin should be connected to an external 5-V or 3.3-V supply or to the DVDD pin
if not driven by an external microcontroller (MCU).

7.3.3 nFAULT Pin

The nFAULT pin has an open-drain output and should be pulled up to a 5-V or 3.3-V supply. When a fault is
detected, the nFAULT line is logic low.

p é nFAULT Output

‘ -

33. nFAULT Block Diagram

For a 3.3-V pullup the nFAULT pin can be tied to the DVDD pin with a resistor (refer to the Application and
Implementation section). For a 5-V pullup an external 5-V supply should be used. Tl does not recommended
connecting the nFAULT pin to the AVDD pin.

7.3.4 Current Regulation

The maximum current through the motor winding is regulated by a fixed off-time PWM current regulation or
current chopping. When an H-bridge is enabled in forward or reverse drive, current rises through the winding at a
rate dependent on the DC voltage and inductance of the winding. When the current hits the current chopping
threshold, the bridge enters a brake (low-side slow decay) mode until the t,; time expires.
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x
Immediately after the current is enabled, the voltage on the SP pin is ignored for a period
(tLANK)) before enabling the current-sense circuitry.

The PWM chopping current is set by a comparator that compares the voltage across a current-sense resistor
connected to the SP pin, multiplied by a factor of A, with a reference voltage from the VREF pin. The factor Ay
is the shunt-amplifier gain, which is 19.8 V/V for the DRV8702-Q1 device or configurable to 10, 19.8, 39.4, or 78
VIV for the DRV8703-QL1 device.

Use 43 1 to calculate the chopping current (Ichop)-
VVREF B VIO

lcHor) =
( ) Ay X Rsensk) (1)

For example, if a 50-mQ sense resistor and a VREF value of 3.3 V are selected, the full-scale chopping current
is 3.28 A. The Ay is 19.8 V/V and Vg is assumed to be 50 mV in this example.

For DC motors, current regulation is used to limit the start-up and stall current of the motor. If the current
regulation feature is not needed, it can be disabled by tying the VREF pin directly to the AVDD pin. If the
independent PWM control-interface mode (MODE pin is 1) is selected for operation, the device does not perform
PWM current regulation or current chopping.

7.3.5 Amplifier Output (SO)

The SO pin on the DRV870x-Q1 device outputs an analog voltage equal to the voltage across the SP and SN
pins multiplied by Ay. The SO voltage is only valid for forward or reverse drive. Use A= 2 to calculate the
approximate current for the H-bridge.
|- VYso~Vio
Ay x R(sensk) (2

When the SP and SN voltages are 0 V, the SO pin outputs the amplifier offset voltage, V|o. No capacitor is
required on the SO pin.

SO (V)

v

T SP-SN (V)

34. Current Sense Amplifier Output

If the voltage across the SP and SN pins exceeds 1 V, then the DRV870x-Q1 device flags an overcurrent
condition.

The SO pin can source up to 5 mA of current. If the pin is shorted to ground, or if this pin drives a higher current
load, the output functions as a constant-current source. The output voltage is not representative of the H-bridge
current in this state.
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35. Current Sense Amplifier and Current Chopping Operation

During brake mode (slow decay), current is circulated through the low-side FETs. Because current is not flowing
through the sense resistor, the SO pin does not represent the motor current.

7.3.5.1 SO Sample and Hold Operation

The DRV8703-Q1 device allows the shunt amplifier to operate in a sample and hold configuration. To enable this
mode, set the SH_EN bit high through the SPI. In this mode, the shunt amplifier output is disabled to the
Hi-Z state whenever the driver is in a brake mode. Place an external capacitor on this pin.

l(cror)
—_—— T — e — P — — —
| | | |
< | | | |
= | | | |
c | | |
g I | I
=] | | | |
O | | | |
Y | | | |
= | | | |
a | | | |
| | | |
: Drive : Brake and Slow Decay : Drive : Brake and Slow Decay
1 T T
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| | |
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| | | |
| | | |
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— |
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| . | .
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36. Sample and Hold Operation
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7.3.6 PWM Motor Gate Drivers

The DRV870x-Q1 device has gate drivers for a single H-bridge with external NMOS FETs. ¥ 37 shows a block
diagram of the predrive circuitry.

Vehs

_ GH1 IN' }
|_

Rorr)

SH1
Predrive -
Vais

H - &

nSLEEP - 4‘ — !
Logic
VM
. GH2 | € }
'—

TLE.JT TLiJ_O
oz

IN1/PH

v

IN2/EN

5o

[AT

VGHS

'_)j
[
N‘} Riorm
Predrive L SH2
d VGLS
> } —
] - GL2 | N_}
R(oFr)
SP
SN % R
(SENSE)
-

37. Predrive Block Diagram

Gate drivers inside the DRV870x-Q1 device directly drive N-Channel MOSFETS, which drive the motor current.
The high-side gate drive is supplied by the charge pump, while an internal regulator generates the low-side gate
drive.

The peak drive current of the gate drivers is adjustable through the IDRIVE pin for DRV8702-Q1 device or the
IDRIVE register for the DRV8703-Q1 device. Peak source currents can be set to the values listed in the FET
gate drivers section of the Electrical Characteristics table. The peak sink current is approximately two times the
peak source current. Adjusting the peak current changes the output slew rate, which also depends on the FET
input capacitance and gate charge.
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Fast switching times can cause extra noise on the VM and GND pins. This additional noise can occur specifically
because of a relatively slow reverse-recovery time of the low-side body diode, when the body diode conducts
reverse-bias momentarily, similar to shoot-through. Slow switching times can cause excessive power dissipation
because the external FETs have a longer turnon and turnoff time.

When changing the state of the output, the peak current (Ipgrye) is applied for a short period (tprive)), to charge
the gate capacitance. After this time, a weak current source (Io p) is used to keep the gate at the desired state.
When selecting the gate drive strength for a given external FET, the selected current must be high enough to
charge fully and discharge the gate during tprive), Or excessive power is dissipated in the FET.

During high-side turnon, the low-side gate is pulled low with a strong pulldown (Istrong). This pulldown prevents
the low-side FET Qgs from charging and keeps the FET off, even when fast switching occurs at the outputs.

The gate-driver circuits include enforcement of a dead time in analog circuitry, which prevents the high-side and
low-side FETs from conducting at the same time. When the switching FETs are on, this handshaking prevents
the high-side or low-side FET from turning on until the opposite FET turns off.

High-side
gate drive
current

g

2

@

(%)

38
|
/
|

High-side

Ves

N

—P

Low-side
gate drive
current

S
3
<
IstRONG °
P
o

Low-side

VGS \

T

38. Gate Driver Output to Control External FETs
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7.3.6.1 Miller Charge (Qgp)
When a FET gate turns on, the following capacitances must be charged:
» Gate-to-source charge, Qgs
* Gate-to-drain charge, Qgp (Miller charge)
* Remaining Qg
The FET output is slewing primarily during the Qgp charge.
24V 10 ————— 225
> I i S
Vehs g8 }\ } 20 g)
I ! \ ! g
—] O 6 ‘ ‘ 15 ©
Predri ahx 5 8 | L ! 8
redrive > | | =
(E 4 /{ \ { 10 (§
SHx 52 pd ‘ ‘ 5 T
© I | 5]
[©) 1 ‘ (@)
I 10 | 20 I 30 40 50

}<_ Qos _>}<_QGD_>}
Gate Charge (nC)

39. FET Gate Charging Profile

7.3.7 IDRIVE Pin (DRV8702-Q1 Only)

The rise and fall times of the H-bridge output (SHx pins) can be adjusted by setting the IDRIVE resistor value or
forcing a voltage onto the IDRIVE pin. The FET gate voltage ramps faster if a higher IDRIVE setting is selected.
The ramp of the FET gate directly affects the rise and fall times of the H-bridge output.

Tying the IDRIVE pin to ground selects the lowest drive setting of 10-mA source and 20-mA sink. Leaving this
pin open selects the drive setting of 155-mA high side and 130-mA low side for source current, and 265-mA high
side, 260-mA low side for sink current, at a VM voltage of 13.5 V. For a detailed list of IDRIVE configurations,
see ik 7.

>+
—
49V —>»—
AVDD
>+
—
IDRIVE
>+
310 kQ —>  Digital
25V —»- Core
>+
]
1.3V—>-
>+
0.1V —»—

40. IDRIVE Pin Internal Circuitry
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# 7. DRV8702-Q1 IDRIVE Settings

SOURCE CURRENT

SINK CURRENT

IDRIVE IDRIVE CIRCUIT
RESISTANCE VOLTAGE Vywm = 5.5V Vyw = 135V Vym =55V Vyw = 135V
<1k to GND GND High-side: 10 mA | High-side: 10 mA | High-side: 20 mA | High-side: 20 mA IDRIVE
Low-side: 10 mA Low-side: 10 mA Low-side: 20 mA Low-side: 20 mA
33 kQ + 5% to 0.7V + 5% High-side: 20 mA | High-side: 20 mA | High-side: 40 mA | High-side: 40 mA IDRIVE
GND ) o0 Low-side: 20 mA Low-side: 20 mA Low-side: 40 mA Low-side: 40 mA
Riprive
200 kQ + 5% to 2V 5% High-side: 50 mA | High-side: 50 mA | High-side: 90 mA | High-side: 95 mA IDRIVE
GND =97 Low-side: 40 mA Low-side: 45 mA Low-side: 85 mA Low-side: 95 mA
RIDR\VE
> 2 MQ to GND, 3V 5% High-side: 145 mA | High-side: 155 mA | High-side: 250 mA | High-side: 265 mA IDRIVE
Hi-Z =% Low-side: 115 mA | Low-side: 130 mA | Low-side: 235 mA | Low-side: 260 mA
AVDD
68 kQ + 5% to 4V + 5% High-side: 190 mA | High-side: 210 mA | High-side: 330 mA | High-side: 350 mA |
AVDD =97 Low-side: 145 mA | Low-side: 180 mA | Low-side: 300 mA | Low-side: 350 mA IDRIVE
AVDD
High-side: 240 mA | High-side: 260 mA | High-side: 420 mA | High-side: 440 mA |
<1kQto AVDD AVDD Low-side: 190 mA | Low-side: 225 mA | Low-side: 360 mA | Low-side:430 mA IDRIVE
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7.3.8 Dead Time

The dead time (tpeap)) is measured as the time when the SHx pin is in the Hi-Z state between turning off one of
the H-bridge FETs and turning on the other. For example, the output is Hi-Z between turning off the high-side
FET and turning on the low-side FET.

The dead time consists of an inserted digital dead time and FET gate slewing. The DRV8702-Q1 device has a
digital dead time of approximately 240 ns. The DRV8703-Q1 device has programmable dead-time options of
120, 240, 480, 960 ns. In addition to this digital dead time, the output is Hi-Z as long as the voltage across the
GLx pin to ground or GHx pin to SHx pin is less than the FET threshold voltage.

The total dead time is dependent on the IDRIVE resistor setting because a portion of the FET gate ramp (GHx
and GLx pins) includes the observable dead time.

7.3.9 Propagation Delay

The propagation delay time (tpp) is measured as the time between an input edge to an output change. This time
is composed of two parts: an input deglitcher and output slewing delay. The input deglitcher prevents noise on
the input pins from affecting the output state.

The gate drive slew rate also contributes to the delay time. For the output to change state during normal
operation, one FET must first be turned off. The FET gate is ramped down according to the IDRIVE resistor
selection, and the observed propagation delay ends when the FET gate falls below the threshold voltage.

7.3.10 Overcurrent VDS Monitor

The gate-driver circuit monitors the VDS voltage of each external FET when it is driving current. When the
voltage monitored is greater than the OCP threshold voltage (Vpsiocp)) after the OCP deglitch time has expired,
an OCP condition is detected. The VDS voltage can be adjusted by changing the resistor (Rps)) on the VDS pin
of the DRV8702-Q1 device. The DRV8703-Q1 device provides VDS voltage levels by setting the VDS register.

VM
o
VDRAIN

A

]
High-Side GH1
VDS OCP &
Monitor 1 [
SH1

[AT
]

+|
Low-Side @
VDS OCP
Monitor 1
—le High-Side
VDS OCP
Monitor 2
+|
Low-Side
VDS OCP
Monitor 2
:ZE: SP

R(sensg)

SN

III—«—’W\,

41. Vpsocp) Block Diagram
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The VDS voltage on the high-side FET is measured across the VDRAIN to SHx pins. The low-side VDS monitor
on half-bridge 1 measures the VDS voltage across the SH1 to SP pins. The low-side VDS monitor on half-bridge
2 measures the VDS voltage across the SH2 to SL2 pins. Ensure that the SP pin is always connected to the
source of the low-side FET of half-bridge 1, even when the sense amplifier is not used.

7.3.11 VDS Pin (DRV8702-Q1 Only)

The VDS pin on the DRV8702-Q1 device is used to select the VDS threshold voltage for overcurrent detection.

Tying the VDS pin to ground selects the lowest setting of 0.06 V. Leaving this pin open selects the setting of
0.48 V. Tying the VDS pin to the AVDD the pin disables the VDS monitor. For a detailed list of VDS
configurations, see % 8.

>+
——
49V —p—
AVDD
» -+
——
190 kQ 3.7V —»—
VDS *
»+
310 kQ —— Digital
25V —F— Core
»l+
—
1.3V —>-
-+
>—p]
0.1V —F—

42. VDS Block Diagram
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% 8. VDS Pin Resistor Setting

OVERCURRENT
VDS RESISTANCE VDS VOLTAGE TRIP LEVEL CIRCUIT

(Vbs(ocp))

VDS
<1 kQ to GND GND 0.06 V r

VDS
33 kQ + 5% to GND 0.7V 5% 0.12Vv
RIDRIVE§

VDS
200 kQ * 5% to GND 2V 5% 0.24V i
RIDRIVE

_ VDS
> 2 MQ to GND, Hi-Z 3V +5% 0.48 V HK——
AVDD
68 kQ + 5% to AVDD 4V +5% 0.96 V VDS
AVDD
<1 kQto AVDD AVDD Disabled VDS
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7.3.12 Charge Pump

A charge pump is integrated to supply the gate drive voltage of a high-side NMOS (Vgsy). The charge pump
requires a capacitor between the VM and VCP pins. Additionally, a low-ESR ceramic capacitor is required
between the CPH and CPL pins. When the VM voltage is below 13.5 V, this charge pump functions as a doubler
and generates a Vycp equal to 2 x Vy, — 1.5 V if unloaded. When the VM voltage is more than 13.5 V, the
charge pump regulates V\cp such that it is equal to Vy, + 10.5 V.

wrl,

V] —
VCP
ol | &Y
L VM
Charge
0.1uF—— Pump
>
CPL 1 —i
L [

43. Charge Pump Block Diagram

7.3.13 Gate Drive Clamp

A clamping structure limits the gate-drive output voltage to the V¢ g voltage to protect the power FETs from
damage. The positive voltage clamp is realized using a series of diodes. The negative voltage clamp uses the
body diodes of the internal predriver FET.

Vehs
VM
(@]
— /—R—’ |(REVERSE)
GHx =
i 4
————— .
[
Ves> Ve
<+ &
[ —> Ic
A
. SHx
Predriver *
Vots < Vgs Negative
—
W} [
[ GLx I F"}
'—
-
M} R(sensg)
'—
PGND
S | et

44. Gate Drive Clamp
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7.3.14 Protection Circuits

The DRV870x-Q1 device is fully protected against VM undervoltage, charge-pump undervoltage, overcurrent,
gate-driver shorts, and overtemperature events.

7.3.14.1 VM Undervoltage Lockout (UVLO2)

If the voltage on the VM pin falls below the VM undervoltage lockout threshold voltage (Vyyio2), all FETs in the
H-bridge are disabled, the charge pump is disabled, and the nFAULT pin is driven low. The VM_UVFL bit of the
DRV8703-Q1 device is set. The operation resumes when the VM voltage rises above the UVLO?2 threshold. The
NFAULT pin is released after the operation resumes but the VM_UVFL bit on the DRV8703-Q1 device remains
set until cleared by writing to the CLR_FLT bit.

The SPI settings on the DRV8703-Q1 device are not reset by this fault even though the output drivers are
disabled. The settings are maintained and internal logic remains active until the VM voltage falls below the logic
undervoltage threshold (VUVLO1).

7.3.14.2 Logic Undervoltage (UVLO1)

If the voltage on the VM pin falls below the logic undervoltage threshold voltage (Vyyio1), the internal logic is
reset. The operation resumes when the VM voltage rises above the UVLOL1 threshold. The nFAULT pin is logic
low during this state because it is pulled low when the VM undervoltage condition occurs. Decreasing the VM
voltage below this undervoltage threshold resets the SPI settings.

7.3.14.3 VCP Undervoltage Lockout (CPUV)

If the voltage on the VCP pin falls below the threshold voltage of the charge-pump undervoltage (CPUV) lockout,
all FETs in the H-bridge are disabled and the nFAULT pin is driven low. The DRV8703-Q1 the VCP_UVFL bit is
set. The operation resumes when the VCP voltage rises above the CPUV threshold. The nFAULT pin is released
after the operation resumes but the VCP_UVFL bit on the DRV8703-Q1 device remains set until cleared by
writing to the CLR_FLT bit.

7.3.14.4 Overcurrent Protection (OCP)

Overcurrent is sensed by monitoring the VDS voltage drop across the external FETs. If the voltage across a
driven FET exceeds the Vpscp) level for longer than the OCP deglitch time, an OCP event is recognized. All
FETs in the H-bridge are disabled, and the nFAULT pin is driven low. The OCP bit of the DRV8703-Q1 device is
set. The drive re-enables after the tretry) time has passed. The nFAULT pin becomes high again after the retry
time.

If the fault condition is still present, the cycle repeats. If the fault is no longer present, normal operation resumes
and the nFAULT pin goes high. The OCP bit on the DRV8703-Q1 remains set until cleared by writing to the
CLR_FLT bhit. In addition to this FET VDS monitor, an overcurrent condition is detected if the voltage at the SP
pin exceeds Vspocpy and the nNFAULT pin is driven low. The OCP bit in the DRV8703-Q1 device is set.

7.3.14.5 Gate Driver Fault (GDF)

The GHx and GLx pins are monitored such that if the voltage on the external FET gate does not increase or
decrease after the tprivg) time, a gate driver fault is detected. This fault occurs if the GHx or GLx pins are
shorted to the GND, SHx, or VM pin. Additionally, a gate-driver fault occurs if the selected IDRIVE setting is not
sufficient to turn on the external FET. All FETs in the H-bridge are disabled, and the nFAULT pin is driven low.
The GDF bit of the DRV8703-Q1 device is set. The driver re-enables after the OCP retry period (trerry)) has
passed. The nFAULT pin is released after the operation has resumed but the GDF bit on the DRV8703-Q1
device remains set until cleared by writing to the CLR_FLT bit.

7.3.14.6 Thermal Shutdown (TSD)

If the die temperature exceeds the Tgp temperature, all FETs in the H-bridge are disabled, the charge pump
shuts down, the AVDD regulator is disabled, and the nFAULT pin is driven low. The OTSD bit of the DRV8703-
Q1 device is set as well. After the die temperature falls below Tgp — Tyys temperature, device operation
automatically resumes. The nFAULT pin is released after the operation resumes, but the OTSD bit on the
DRV8703-QL1 device remains set until cleared by writing to the CLR_FLT bit.
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7.3.14.7 Watchdog Fault (WDFLT, DRV8703-Q1 Only)

An MCU watchdog function can be enabled to ensure that the external controller that is instructing the DRV8703-
Q1 device is active and in a known state. The SPI watchdog must be enabled by writing a 1 to the WD_EN bit
through the SPI (disabled by default, bit is 0). When the watchdog is enabled, an internal timer starts to count
down to an interval set by the WD_DLY bits. The register address 0x00 must be read by the MCU within the
interval set by the WD_DLY bit to reset the watchdog. If the timer is allowed to expire, the nWDFLT pin is

enabled. When the nWDFLT pin is enabled the following occurs:
e The nWDFLT pin goes low for 64 ps.

¢ The nFAULT pin is asserted.
e The WD_EN bit is cleared.
¢ The drivers are disabled.

The WDFLT bit remains asserted, and operation is halted until the CLR_FLT bit has been written to 1.

= 9 lists the fault responses of the device under the fault conditions.

# 9. Fault Response

FAULT CONDITION
VM undervoltage Vum < Vivion
(UVLO) (5.45 V, max)
VCP undervoltage Vyer < Vice_uy)
(CPUV) (Vym + 1.5, typ)
External FET overload Vs 2 Vps(oce)
(OCP) Vgp—Ven > 1V
Gate driver fault Gate voltage unchanged after
(GDF) torive)
Watchdog fault . :
(WDFLT) Watchdog timer expires
Thermal shutdown o .
(TSD) T;2 Tgp (150°C, min)

H-BRIDGE

CHARGE PUMP

AVDD

DVDD

RECOVERY

Vum 2 Vyviox
(5.65 V, max)

Vvep 2 Viep_uy)

(Vywm + 1.5, typ)

tReTRY)

treTRY)

CLR_FLT bit

TJ < TSD - Thys
(Thys is typically 20°C)
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7.3.14.8 Reverse Supply Protection

The circuit in ¥ 45 can be implemented to help protect the system from reverse supply conditions. This circuit
requires the following additional components:

« NMOS FET
« NPNBJT
* Diode

e 10-kQ resistor
e 43-kQ resistor

o}
B o —
43kQ

10 kQ |:}

0.1 pF L |'_

| . "
! L Bulk—T—+

10 pF (min)
CP1 CP2 VCP VM

GH1 :}
l_
SH1
oLt :}
|_
—
GH2 | | }
| 4
SH2
| |
—
GL2
&
'—
sp
| R(sensg)
SN

|||—<

45. Reverse Supply Protection
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7.3.15 Hardware Interface

The DRV8702-Q1 hardware interface allows the device to be configured without a SPI, however not all of the
functionality is configurable like the DRV8703-Q1 device. The following configuration settings are fixed for the

hardware-interface device option:
e The tys value is set to 25 ps.
e Current regulation is enabled

e The VREF pin voltage is not scaled internally (100%).
* The shunt amplifier has a fixed gain of 19.8 V/V.

7.3.15.1 IDRIVE (6-level input)

The voltage or resistance on the IDRIVE pin sets the peak source and peak sink IDRIVE setting as listed in &

7 10. DRV8702-Q1 IDRIVE Settings

SOURCE CURRENT

SINK CURRENT

Vym =55V

Vym = 135V

Vym =55V

Vym = 135V

High-side: 10 mA
Low-side: 10 mA

High-side: 10 mA
Low-side: 10 mA

High-side: 20 mA
Low-side: 20 mA

High-side: 20 mA
Low-side: 20 mA

High-side: 20 mA
Low-side: 20 mA

High-side: 20 mA
Low-side: 20 mA

High-side: 40 mA
Low-side: 40 mA

High-side: 40 mA
Low-side: 40 mA

High-side: 50 mA
Low-side: 40 mA

High-side: 50 mA
Low-side: 45 mA

High-side: 90 mA
Low-side: 85 mA

High-side: 95 mA
Low-side: 95 mA

High-side: 145 mA
Low-side: 115 mA

High-side: 155 mA
Low-side: 130 mA

High-side: 250 mA
Low-side: 235 mA

High-side: 265 mA
Low-side: 260 mA

High-side: 190 mA
Low-side: 145 mA

High-side: 210 mA
Low-side: 180 mA

High-side: 330 mA
Low-side: 300 mA

High-side: 350 mA
Low-side: 350 mA

10.
IDRIVE
RE AN ce | IDRIVE VOLTAGE
<1kQ to GND GND
0,
33 k%ﬁg”’ to 0.7V +5%
0,
200 k!G)NtDS/o to oV x50
>2 MaigGND, 3V 5%
68 kQ + 5% to
R 4V +5%
<1 kQ to AVDD AVDD

High-side: 240 mA
Low-side: 190 mA

High-side: 260 mA
Low-side: 225 mA

High-side: 420 mA
Low-side: 360 mA

High-side: 440 mA
Low-side:430 mA

7.3.15.2 VDS (6-Level Input)

This input controls the VDS monitor trip voltage as listed in 5 11.

# 11. DRV8702-Q1 VDS Settings

VDS RESISTANCE VDS VOLTAGE OVERCHRENT TP LEHEL
(Vps(ocr))
<1kQto GND GND 0.06 V
33 kQ + 5% to GND 0.7V 5% 0.12V
200 kQ £ 5% to GND 2V 5% 0.24V
> 2 MQ to GND, Hi-Z 3V+5% 0.48V
68 kQ * 5% to AVDD 4V +5% 0.96 V
<1 kQ to AVDD AVDD Disabled
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7.4 Device Functional Modes

The DRV870x-Q1 device is active unless the nSLEEP pin is brought low. In sleep mode, the charge pump is
disabled, the H-bridge FETs are disabled to the Hi-Z state, and the AVDD and DVDD regulators are disabled.

x
The ts eep) time must elapse after a falling edge on the nSLEEP pin before the device is
in sleep mode. The DRV870x-Q1 device is brought out of sleep mode automatically if the
NSLEEP pin is brought high.

The twakg) time must elapse before the outputs change state after wakeup.

On the DRV8703-Q1 device, the SPI settings are reset when coming out of UVLO or exiting sleep mode.

While the nSLEEP pin is brought low, all external H-bridge FETs are disabled. The high-side gate pins, GHx, are
pulled to the output node, SHX, by an internal resistor and the low-side gate pins, GLXx, are pulled to ground.

When the VM voltage is not applied and during the power-on time (t,,) the outputs are disabled using weak
pulldown resistors between the GHx and SHx pins and the GLx and GND pins.

x
The MODE pin controls the device-logic operation for phase and enable, independent half-
bridge, or PWM input modes. This operation is latched on power up or when exiting sleep
mode.

7.5 Programming
7.5.1 SPI Communication

7.5.1.1 Serial Peripheral Interface (SPI)

The SPI (DRV8703-Q1 only) is used to set device configurations, operating parameters, and read out diagnostic
information. The DRV8703-Q1 SPI operates in slave mode. The SPI input data (SDI) word consists of a 16-bit
word, with a 5-bit command, 3 don't care bits, and 8 bits of data. The SPI output data (SDO) word consists of 8-
bit register data and the first 8 bits are don't cares.

A valid frame has to meet following conditions:

» The clock polarity (CPOL) must be set to 0.

» The clock phase (CPHA) must be set to 0.

» The SCLK pin must be low when the nSCS pin goes low and when the nSCS pin goes high.

* No SCLK signal can occur when the nSCS signal is in transition.

* The SCLK pin must be low when the nSCS pin goes high.

* The nSCS pin should be taken high for at least 500 ns between frames.

*  When the nSCS pin is asserted high, any signals at the SCLK and SDI pins are ignored, and the SDO pin is
in the high impedance state.

* Full 16 SCLK cycles must occur.
» Data is captured on the falling edge of the clock and data is driven on the rising edge of the clock.
* The most-significant bit (MSB) is shifted in and out first

» For a write command, if the data word sent to the SDI pin is less than or more than 16 bits, a frame error
occurs and the data word is ignored.

» For a write command, the existing data in the register being written to is shifted out on the SDO pin following
the 5-bit command data
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Programming (3T X)
7.5.1.2 SPI Format

The SDI input-data word is 16 bits long and consists of the following format:
» 1 read or write bit, W (bit 15)

* 4 address bits, A (bits 14 through 11)

e 3 don't care bits, X (10 through 8)

e 8 data bits, D (7:0)

The SDO output-data word is 16 bits long and the first 8 bits are don’t care bits. The data word is the content of
the register being accessed.

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

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

# 12. SDI Input Data Word Format

RW | ADDRESS | DONTCARE | DATA
BI5 B4 B13 B2 Bll B10 B9 B8 B7 B6 B5 B4 B3 B2 B1 BO
wo | A3 | a2 [ At | a0 [ x | x | x [ o7 | b6 | ps | pa | p3 | p2 | b1 | Do

# 13. SDO Output Data Word Format

DON'T CARE \ DATA
B15 B14 B13 B12 Bl1l B0 B9 B8 B7 B6 B5 B4 B3 B2 B1 BO
x | x | x | x | x| x| x| x | o7 | pe | os | pa | p3s | b2 p1 | po

nSCS

SDO z

SDI X >:K MSB *
v |

Capture
Point

|
|
|
|
|
T
|
Propagate |
Point |

46. SPI Transaction

The SCLK pin should be low at power-up of the device for reliable SPI transaction. If the SCLK pin cannot be
guaranteed to be low at power-up, TI recommends performing a dummy SPIl-read transaction (of any register)
after power-up to ensure reliable subsequent transactions. Data read from this dummy read transaction should
be discarded.
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7.6 Register Maps
DRV8703-Q1 Memory Map
Register Access Address
Name v ® 9 “ 9 z a v Type (Hex)
FAULT Status FAULT WDFLT GDF OCP VM_UVFL VCP_UVFL OTSD oTW R 0
VDS and GDF H2_GDF L2_GDF H1_GDF L1_GDF H2_VDS L2_VDS H1_VDS L1_VDS R 1
Main RESERVED LOCK IN1/PH IN2/EN CLR_FLT RW 2
IDRIVE and WD TDEAD WD_EN | WD_DLY IDRIVE RW 3
VDS SO_LIM VDS | DIS_H2_VDS | DIS_L2_VDS | DIS_H1 VDS | DIS_L1_VDS RW 4
Config TOFF CHOP_IDS | VREF_SCL SH_EN GAIN_CS RW 5

& 14. Access Type Codes

Access Type ‘ Code ‘ Description
Read Type

R ‘ R ‘ Read

Write Type

w ‘W | write

7.6.1 Status Registers

The status registers are used to report warning and fault conditions. Status registers are read only registers.

# 15 lists the memory-mapped registers for the status registers. All register offset addresses not listed in ¥ 15
should be considered as reserved locations and the register contents should not be modified.

F% 15. Status Registers Summary Table

Address Register Name Section
0x00h FAULT status Go
0x01h VDS and GDF status Go

7.6.1.1 FAULT Status Register (address = 0x00h)
FAULT status is shown in B 47 and described in % 16.
Return to Summary Table.

Read only
47. FAULT Status Register
7 6 5 4 3 2 1 0

FAULT WDFLT | GDF | ocP | VMUVFL | vcP UVFL oTSD oTw

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

% 16. FAULT Status Field Descriptions

Bit Field Type Default Description

7 FAULT R 0b Logic OR of the FAULT status register excluding the OTW bit
6 WDFLT R 0b Watchdog time-out fault

5 GDF R 0b Indicates gate drive fault condition

4 ocp R 0b Indicates VDS monitor overcurrent fault condition

3 VM_UVFL R 0b Indicates VM undervoltage lockout fault condition

2 VCP_UVFL R 0b Indicates charge-pump undervoltage fault condition

1 OTSD R 0b Indicates overtemperature shutdown

0 oTw R 0b Indicates overtemperature warning
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7.6.1.2 VDS and GDF Status Register Name (address = 0x01h)
VDS and GDF status is shown in B 48 and described in % 17.
Return to Summary Table.

Read only
48. VDS and GDF Status Register
7 6 5 4 3 2 1 0
H2_GDF l2GDF | HLGDF | L1GDF | H2VDS | L2 VDS H1 VDS L1 VDS
R-0b R-0b R-0b R-0b R-0b R-0b R-0b R-0b
F% 17. VDS and GDF Status Field Descriptions
Bit Field Type Default Description
7 H2_GDF R Ob Indicates gate drive fault on the high-side FET of half-bridge 2
6 L2_GDF R 0b Indicates gate drive fault on the low-side FET of half-bridge 2
S H1_GDF R 0b Indicates gate drive fault on the high-side FET of half-bridge 1
4 L1_GDF R 0b Indicates gate drive fault on the low-side FET of half-bridge 1
3 H2_VDS R Ob Indicates VDS monitor overcurrent fault on the high-side FET of
half-bridge 2
2 L2_vDsS R 0Ob Indicates VDS monitor overcurrent fault on the low-side FET of
half-bridge 2
1 H1_VDS R Ob Indicates VDS monitor overcurrent fault on the high-side FET of
half-bridge 1
0 L1 VDS R 0b Indicates VDS monitor overcurrent fault on the low-side FET of
half-bridge 1

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

#z 18 lists the memory-mapped registers for the status registers. All register offset addresses not listed in & 18
should be considered as reserved locations and the register contents should not be modified.

5% 18. Status Registers Summary Table

Address Register Name Section
0x02h Main control Go
0x03h IDRIVE and WD control Go
0x04h VDS control Go
0x05h Config control Go
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7.6.2.1 Main Control Register Name (address = 0x02h)
Main control is shown in B 49 and described in & 19.
Return to Summary Table.
Read and write
49. Main Control Register
7 6 5 4 3 2 1 0
RESERVED LOCK | IN1/PH IN2/EN CLR_FLT
R/W-00b R/W-011b R/W-0b R/W-0b R/W-0b
#z 19. Main Control Field Descriptions
Bit Field Type Default Description
7-6 RESERVED RIW 00b Reserved
5-3 LOCK RW 011b Write 110b to lock the settings by ignoring further register

changes except to address 0x02h. Writing any sequence other
than 110b has no effect when unlocked.

Write 011b to this register to unlock all registers. Writing any
sequence other than 011b has no effect when locked.

2 IN1/PH RIW 0Ob This bit is ORed with the IN1/PH pin
1 IN2/EN RIwW 0Ob This bit is ORed with the IN2/EN pin
0 CLR_FLT R/W Ob Write a 1 to this bit to clear the fault bits
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7.6.2.2 IDRIVE and WD Control Register Name (address = 0x03h)
IDRIVE and WD control is shown in B 50 and described in 3 20.
Return to Summary Table.
Read and write
50. IDRIVE and WD Register

7 6 5 4 3 2 1 0
TDEAD WD EN | WD_DLY | IDRIVE
R/W-00b R/W-0b R/W-00b R/W-111b
£ 20. IDRIVE and WD Field Descriptions
Bit Field Type Default Description
7-6 TDEAD R/IW 00b Dead time
00b =120 ns
01b =240 ns
10b =480 ns
11b = 960 ns
5 WD_EN RIW 0b Time-out of the watchdog timer
4-3 WD_DLY RIW 00b Enables or disables the watchdog timer (disabled by default)
00b = 10 ms
01lb =20 ms
10b =50 ms
11b =100 ms
20 IDRIVE RIW 111b Sets the peak source current and peak sink current of the gate
drive. % 21 lists the bit settings.
& 21. IDRIVE Bit Settings
. Source Current Sink Current
Bit Value
V\/M =55V VVM =135V VVM =55V V\/M =135V
000b High-side: 10 mA High-side: 10 mA High-side: 20 mA High-side: 20 mA
Low-side: 10 mA Low-side: 10 mA Low-side: 20 mA Low-side: 20 mA
001b High-side: 20 mA High-side: 20 mA High-side: 40 mA High-side: 40 mA
Low-side: 20 mA Low-side: 20 mA Low-side: 40 mA Low-side: 40 mA
010b High-side: 50 mA High-side: 50 mA High-side: 90 mA High-side: 95 mA
Low-side: 40 mA Low-side: 45 mA Low-side: 85 mA Low-side: 95 mA
011b High-side: 70 mA High-side: 70 mA High-side: 120 mA High-side: 130 mA
Low-side: 55 mA Low-side: 60 mA Low-side: 115 mA Low-side: 125 mA
100b High-side: 100 mA High-side: 105 mA High-side: 170 mA High-side: 185 mA
Low-side: 75 mA Low-side: 90 mA Low-side: 160 mA Low-side: 180 mA
101b High-side: 145 mA High-side: 155 mA High-side: 250 mA High-side: 265 mA
Low-side: 115 mA Low-side: 130 mA Low-side: 235 mA Low-side: 260 mA
110b High-side: 190 mA High-side: 210 mA High-side: 330 mA High-side: 350 mA
Low-side: 145 mA Low-side: 180 mA Low-side: 300 mA Low-side: 350 mA
111b High-side: 240 mA High-side: 260 mA High-side: 420 mA High-side: 440 mA
Low-side: 190 mA Low-side: 225 mA Low-side: 360 mA Low-side: 430 mA
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7.6.2.3 VDS Control Register Name (address = 0x04h)

VDS control is shown in B 51 and described in & 22.

Return to Summary Table.

Read and write

51. VDS Control Register

5

3 2 1 0

SO_LIM

VDS

| DIS H2 vDs | DIS L2 vDS | DIS H1 vDS | DIS L1 VDS

R/W-0b

R/W-111b

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

§% 22. VDS Control Field Descriptions

Bit

Field

Type

Default

Description

SO_LIM

R/IW

Ob

Ob = Default operation
1b = SO output is voltage-limited to 3.6 V

6-4

VDS

R/W

111b

Sets the Vpgocp) monitor for each FET
000b = 0.06 V

001b =0.145V

010b =0.17 V

011lb=0.2V

100b =0.12 V

101b=0.24V

110b =0.48V

111b =0.96 V

DIS_H2_VDS

R/IW

Ob

Disables the VDS monitor on the high-side FET of half-bridge 2
(enabled by default)

DIS_L2_ VDS

R/IW

Ob

Disables the VDS monitor on the low-side FET of half-bridge 2
(enabled by default)

DIS_H1_VDS

R/W

Ob

Disables the VDS monitor on the high-side FET of half-bridge 1
(enabled by default)

DIS_L1 VDS

R/IW

Ob

Disables the VDS monitor on the low-side FET of half-bridge 1
(enabled by default)

44

WX © 2016-2017, Texas Instruments Incorporated


http://www.ti.com.cn/product/cn/drv8702-q1?qgpn=drv8702-q1
http://www.ti.com.cn/product/cn/drv8703-q1?qgpn=drv8703-q1
http://www.ti.com.cn

13 TEXAS
INSTRUMENTS

www.ti.com.cn

DRV8702-Q1, DRV8703-Q1
ZHCSG08B ~OCTOBER 2016—REVISED MARCH 2017

7.6.2.4 Config Control Register Name (address = 0x05h)

Config control is shown in B 52 and described in & 23.

Return to Summary Table.

Read and write

52. Config Control Register

5

3 2 1 0

TOFF

| cHop DS |

VREF_SCL | SHEN GAIN_CS

R/W-00b

R/W-0b

R/W-00b

R/W-0b R/W-01b

Fz 23. Config Control Field Descriptions

Bit Field

Type

Default

Description

7-6 TOFF

R/IW

00b

Off time for PWM current chopping
00b =25 ps

01b =50 ps

10b =100 ps

11b = 200 ps

5 CHOP_IDS

R/IW

Ob

Disables current regulation (enabled by default)

4-3 VREF_SCL

R/IW

00b

Scale factor for the VREF input
00b = 100%

01b = 75%

10b = 50%

11b = 25%

2 SH_EN

R/W

Ob

Enables sample and hold operation of the shunt amplifier
(disabled by default)

1-0  |GAIN_CS

R/IW

01b

Shunt amplifier gain setting
00b = 10 VIV

01b =19.8 VIV

10b = 39.4 VIV

11b =78 VIV
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8 Application and Implementation

x

/:

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

8.1 Application Information

The DRV870x-Q1 device is used in brushed-DC, solenoid, or relay-control applications. The following typical
application can be used to configure the DRV870x-Q1 device.

8.2 Typical Application
This application features the DRV8702-Q1 device.

VM
;
0.1 uF Bulk VM
0.1uF 1pF —<|
|'" " Buk
= e
8 5 8l ’l & & & & ol
(@] ~ I o > =z N N
o = I I
| 08873085 24 L
GND a GL2
6 >
2 23 —
[>—= INVPH SL2 m-}
'_
>——3f IN2EN IR4
r“ GND 10 mQ
5 | —
IDRIVE | . I— H-}
'_
200 kQ 6|\ ps | ]
0Q %7—7 GND d
8 ]
[>——{ nSLEEP =1 ?
[a)
z M
> 5o
L VM Bulk
10kQ
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53. DRV8702-Q1 Typical Application Schematic
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Typical Application (ETR)
8.2.1 Design Requirements

For this design example, use the parameters listed in & 24 as the input parameters.

% 24. Design Parameters

DESIGN PARAMETER REFERENCE EXAMPLE VALUE

Nominal supply voltage WM 14V
Supply voltage range 7Vto35V
FET part number CSD18502Q5B
FET total gate charge Qq 52 nC (typical)
FET gate-to-drain charge Qqd 8.4 nC (typical)
Target FET gate rise time t 100 to 300 ns
Motor current chopping level l(cHop) 15A

8.2.2 Detailed Design Procedure

8.2.2.1 External FET Selection

The DRV8702-Q1 FET support is based on the charge-pump capacity and PWM-output frequency. For a quick
calculation of FET driving capacity, use /2= 3 when drive and brake (slow decay) are the primary modes of
operation.

|
Q < VCP
frwm)

where

e fpwwm is the maximum desired PWM frequency to be applied to the DRV8702-Q1 inputs or the current chopping
frequency, whichever is larger.

e lycp is the charge-pump capacity, which depends on the VM voltage. 3)
The internal current chopping frequency is at most equal to the PWM frequency as shown in 23 4.
; 1
(PWM) < ot
off T LBLANK) (4)

For example, if the VM voltage of a system is 7 V (lycp = 8 mA) and uses a maximum PWM frequency of 40 kHz,
then the DRV8702-Q1 device will support FETs with a Qg4 up to 200 nC.

If the application requires a forced fast decay (or alternating between drive and reverse drive), use 23 5 to
calculate the maximum FET driving capacity.

IVCP
< —_—
Q 2xf
(PWM) ()

8.2.2.2 IDRIVE Configuration

The IDRIVE current is selected based on the gate charge of the FETs. The IDRIVE pin must be configured so
that the FET gates are charged entirely during the tpgive) time. If the selected IDRIVE current is too low for a
given FET, then the FET may not turn on completely. TI recommends adjusting these values in-system with the
required external FETs and motor to determine the best possible setting for any application.

For FETs with a known gate-to-drain charge (Qg4q) and desired rise time (t,), the IDRIVE current can be selected
based on the 2= 6.

di
r ®)

IbrIVE >
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If the gate-to-drain charge is 2.3 nC and the desired rise time is around 100 to 300 ns, use 2= 7 to calculate
the minimum IDRIVE (Ipgyve1) and 23 8 to calculate the maximum IDRIVE (Ipgves)-

Ipriver = 8.4 nC / 100 ns = 84 mA 7)
IDR|VE2 =8.4nC/300ns =28 mA (8)
Select a value for IDRIVE between 28 and 84 mA. An IDRIVE value of approximately 50 mA for the source

(approximately 100 mA sink) was selected for this application. This value requires a 200-kQ resistor from the
IDRIVE pin to ground.

8.2.2.3 VDS Configuration

The VDS monitor is configured based on the maximum current and Rpg(on Of the FETs. The VDS pin of the
DRV8702-Q1 selects the VDS monitor trip threshold. Use 23 3 to calculate the trip current.

VVDS

lvps >

RDS(on) %)

If the Rpg(on) Of the FET is 1.8 mQ and the desired VDS trip is less than 100 A, the Vs voltage is equal to 180
mV as shown in 2= 10.

Vups = lvos * Ros(n) = 100 A x 1.8 mQ = 180 mV (10)

Select a value for the VDS voltage that less than 180 mV. A V,pg value of 0.12 V was selected for ths
application. This value requires tying the VDS pin to ground.

8.2.2.4 Current Chopping Configuration

The chopping current is set based on the sense resistor value and the analog voltage at the VREF pin. Use 203\
11 to calculate the current (I cropy)- The amplifier gain, Ay, is 19.8 V/V for the DRV8702-Q1 and Vg is typically
2.5 mV (input referred).

VVREF — VIO

lcHop) =
( )T Ay x R(sensE) (11)

For example, if the desired chopping current is 15 A, select a value of 10 mQ for Rgensg). The value of Vyger
must therefore be 3.05 V. Add a a resistor divider from the AVDD (5 V) pin to set the Vyree at approximately 3.05
V. Select a value of 13 kQ for and 20 kQ for R1.
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8.2.3 Application Curves

56. Current Profile on Motor Startup With Regulation

SHA1 SH1
| SH2 $H2
[l i | R - [ o
10-mA source 20-mA sink 10-mA source 20-mA sink
54. SH1 Fall Time 55. SH1 Rise Time
SH1
: " MARRTITTTT T 458H1
/A
L
) IHDTDE 'F /\N\ Irvorcm ' \,‘-\ﬂ\/\-ﬁ\_,
VREF VREF
J IN2/EN o IN2/EN .
T ™ - Gy | I RS b

57. Current Profile on Motor Startup Without Regulation

SH1

[N

II'DTDR

B ooy o e ey ey e

VREF

IN2/EN

[ o
200 vid
40400

58. Current Regulating at 2.25 A on Motor Startup
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9 Power Supply Recommendations

The DRV8702-Q1 device is designed to operate with an input voltage supply (VM) rangefrom 5.5 V to 45 V. A
0.1-uF ceramic capacitor rated for VM must be placed as close to the DRV8702-Q1 device as possible. Also, a
bulk capacitor valued at least 10 pF must be placed on the VM pin.

Additional bulk capacitance is required to bypass the external H-bridge FETSs.

9.1 Bulk Capacitance Sizing

Bulk capacitance sizing is an important factor in motor drive system design. It is beneficial to have more bulk
capacitance, while the disadvantages are increased cost and physical size.

The amount of local capacitance needed depends on a variety of factors including:

» The highest current required by the motor system.

» The capacitance of the power supply and the ability of the power supply to source current.

» The amount of parasitic inductance between the power supply and motor system.

» The acceptable voltage ripple.

e The type of motor used (brushed DC, brushless DC, and stepper).

» The motor braking method.

The inductance between the power supply and motor drive system limits the rate that current can change from
the power supply. If the local bulk capacitance is too small, the system responds to excessive current demands

or dumps from the motor with a change in voltage. When sufficient bulk capacitance is used, the motor voltage
remains stable, and high current can be quickly supplied.

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

Parasitic Wire

Inductance .
Power Supply * Motor Drive System

™M v

<+> +] 1 Motor
— N Driver
: A
GND

Local IC Bypass
\/ Bulk Capacitor Capacitor

Copyright © 2016, Texas Instruments Incorporated

59. Example Setup of Motor Drive System With External Power Supply

The voltage rating for bulk capacitors should be higher than the operating voltage to provide a margin for cases
when the motor transfers energy to the supply.
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10 Layout

10.1 Layout Guidelines

The VM pin should be bypassed to ground using a low-ESR ceramic bypass capacitor with a recommended
value of 0.1 uF rated for VM. This capacitor should be placed as close to the VM pin as possible with a thick
trace or ground-plane connection to the GND pin of the device. The VM pin must also be bypassed to ground
using a bulk capacitor rated for VM. This capacitor can be electrolytic and must be at least 10 pF.

A low-ESR ceramic capacitor must be placed between the CPL and CPH pins. A value of 0.1 pF rated for VM is
recommended. Place this capacitor as close to the pins as possible. A low-ESR ceramic capacitor must be
placed in between the VM and VCP pins. A value of 1 pF rated for 16 V is recommended. Place this component
as close to the pins as possible.

Bypass the AVDD and DVDD pins to ground with ceramic capacitors rated for 6.3 V. Place these bypassing
capacitors as close to the pins as possible.

Use separate traces to connect the SP and SN pins to the Rsensg) resistor.

10.2 Layout Example

o X
° - SH2
AN
\\
0.1 uF ~—_d-
Rsense
0000
0000
—» IN1/PH ....
-> 0000
. 0000
—p IDRIVE[E]
> 0000
- 0000
0000
0000
0000
.~ “Bulk
. SH1
/
/ 0000
o
|
\ ‘ .
\ 0000
0000
0000
N
S~ -

60. DRV8702-Q1 Layout Example
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11 2RI SRS 7 Fr
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11.1.1 AHRICAY
FHIRSCRE S B LA R 43

o (VKL HFHD
(DRV8702-Q1 EVM M F1#5 )

« (DRV8703-Q1 EVM M /' #515)

o (NIRRT 15 )

11.2 HHRsERE

T%E‘J%%ﬂﬁ?‘ﬁ%ﬁiﬁlﬁl%%o YOO RERAR SRS SRS HEIX BRI TEAEE, JF BT DA vy a4 skl
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F* 25. MRBEE
Erdts F= SRR AN AR THRS5H M4 X5
DRV8702-Q1 15 HLi Ak 15 o Ak 15 s Ak 15 s Ak 15 o Ak
DRV8703-Q1 15 fi b 15 o Ak 15 o Ak 15 o Ak 15 o Ak

11.3 BSOS EHHEM

WA ESCSCRS SE B i@ A, 5V www.ti.com.en IR BSOS . ST B AR IR EERE (Alert me) T
Jei s BT e AN O E i S R A O B VRIS S, 1 B OB T SCRY TR AL B BT D S R

11.4 #HX&EIHF

The following links connect to TI community resources. Linked contents are provided "AS IS" by the respective
contributors. They do not constitute Tl specifications and do not necessarily reflect Tl's views; see TlI's Terms of
Use.

TI E2E™ Online Community TI's Engineer-to-Engineer (E2E) Community. Created to foster collaboration
among engineers. At e2e.ti.com, you can ask questions, share knowledge, explore ideas and help
solve problems with fellow engineers.

Design Support Tl's Design Support Quickly find helpful E2E forums along with design support tools and
contact information for technical support.

11.5 Ftr

E2E is a trademark of Texas Instruments.
All other trademarks are the property of their respective owners.

11.6 FrHBCRES
ESD AT RSNz A B o A (ES (T1) BEUCE I I 4 0 TS H AL TR A S A P o 0 A= TE A 0 AL B i A 5 R |
A ST
ALad  ESD 551 5 SN A | KRR B, R 0SB T A 2 5 B | BB AT A B
il o SR 5 2L AG O HUAG ASHEAE «

11.7 Glossary

SLYZ022 — TI Glossary.
This glossary lists and explains terms, acronyms, and definitions.
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RHB0032N

PACKAGE OUTLINE
VQFN - 0.9 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

PIN 1 INDEX AREA—]

~ o
© =

0.05 4—17

SECTION A-A

I
0.9 MAX
ji A M1 MMM MMM
0.05
0.00
X35}
45401 —»| (0.2) TYP
9 534§ o 116 EXPOSED j r
28X u U U U ‘ U U U U THERMAL PAD ‘
LA | — ]
= | . :
D) \ Cj 1
2X D) | 33 AC A syum Il
= o | I g | I
») | d — 0
D | a Lo 1
—4 : (24 & 01@ [c[A[B Il
alalalallalalalal L0 [C
32 | 25
PIN 11D SYMM
(OPTIONAL) ¢ 39X 8 g .

TYPICAL

4222893/A 04/2016

NOTES:

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

per ASME Y14.5M.
2. This drawing is subject to change without notice.
3. The package thermal pad must be soldered to the printed circuit board for thermal and mechanical performance.

www.ti.com
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RHBO0032N

EXAMPLE BOARD LAYOUT
VQFN - 0.9 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

32
32X (0.6)

1
i
32X(o.25)rcb
e

28X (0.5)

T

u=ty | | o
(@0.2) TYP | | \
"D | i
D | |
| O \
8 ‘ ‘ 17
(R0.05) ‘ | |
TYP ! ‘ ! N
} i 1111 rrrrimrT r ’’’’’’’’’
9 16 |
1 L—(1.475) ——1 \
L (4.8) 4
LAND PATTERN EXAMPLE
SCALE:18X
0.07 MAX 0.07 MIN
ALL AROUND ALL AROUND
— Rt SOLDER MASK
(7 METAL o \’WOPENING
SOLDER MASK 1 ,NMETAL UNDER
Nt OPENING = SOLDER MASK
NON SDCI’ELF?,\'IEEDMASK SOLDER MASK
DEFINED
(PREFERRED)

SOLDER MASK DETAILS
4222893/A 04/2016

NOTES: (continued)

4. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature

number SLUA271 (www.ti.com/lit/slua271).

5. Vias are optional depending on application, refer to device data sheet. If any vias are implemented, refer to their locations shown
on this view. It is recommended that vias under paste be filled, plugged or tented.
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EXAMPLE STENCIL DESIGN
RHB0032N VQFN - 0.9 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

le— 4X ([(1.49) —~]
(R0.05) TYP r (0.845) =

-~ eadaeat-—

i

-
N
i
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|
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|
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|
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dduddduy

= |
|
‘ |
8[[;'34 = ¢ 17
|

.
L)
=
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METAL%
\
|
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|
’\=

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL

EXPOSED PAD 33:
75% PRINTED SOLDER COVERAGE BY AREA UNDER PACKAGE
SCALE:20X

4222893/A 04/2016

NOTES: (continued)

6. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
@) Drawing Qty @ ©) @ (/5)

DRV8702QRHBRQ1 ACTIVE VQFN RHB 32 3000 Green (RoHS CU SN Level-3-260C-168 HR ~ -40 to 125 DRV8702 Samples
& no Sh/Br)

DRV8702QRHBTQ1 ACTIVE VQFN RHB 32 250 Green (RoHS CU SN Level-3-260C-168 HR ~ -40 to 125 DRV8702 Samples
& no Sh/Br)

DRV8703QRHBRQ1 ACTIVE VQFN RHB 32 3000 Green (RoHS CU SN Level-3-260C-168 HR ~ -40 to 125 DRV8703 Samples
& no Sh/Br)

DRV8703QRHBTQ1 ACTIVE VQFN RHB 32 250 Green (RoHS CU SN Level-3-260C-168 HR ~ -40to 125 DRV8703 Samples
& no Sh/Br)

@ The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

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

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check http://www.ti.com/productcontent for the latest availability
information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the requirement that
lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.
Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based die adhesive used between
the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.

Green (RoHS & no Sb/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight
in homogeneous material)

® MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
@ There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

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

® Lead/Ball Finish - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead/Ball Finish values may wrap to two lines if the finish
value exceeds the maximum column width.
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Important Information and Disclaimer: The information provided on this page represents TlI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
7'} |¢ KO
i |
& go W
Reel — ) l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O QrSprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 1 Q4 User Direction of Feed
[ 4
T
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
DRV8702QRHBRQ1 VQFN RHB 32 3000 330.0 12.4 5.25 | 5.25 1.1 8.0 12.0 Q2
DRV8702QRHBTQ1 VQFN RHB 32 250 180.0 12.4 5.25 | 5.25 1.1 8.0 12.0 Q2
DRV8703QRHBRQ1 VQFN RHB 32 3000 330.0 12.4 5.25 | 5.25 1.1 8.0 12.0 Q2
DRV8703QRHBTQ1 VQFN RHB 32 250 180.0 12.4 5.25 | 5.25 1.1 8.0 12.0 Q2
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TAPE AND REEL BOX DIMENSIONS
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4
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*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
DRV8702QRHBRQ1 VQFN RHB 32 3000 370.0 355.0 55.0
DRV8702QRHBTQ1 VQFN RHB 32 250 195.0 200.0 45.0
DRV8703QRHBRQ1 VQFN RHB 32 3000 370.0 355.0 55.0
DRV8703QRHBTQ1 VQFN RHB 32 250 195.0 200.0 45.0
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