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DRV8000-Q1 Automotive Highly-Integrated, Multifunction Driver for Door Control

1 Features

* AEC-Q100 qualified for automotive applications:
— Temperature grade 1: —40°C to +125°C, Ty

» Functional Safety-Compliant Targeted
— Developed for functional safety applications
— Documentation to aid 1ISO26262 system design
— Systematic integrity up to ASIL D
— Hardware integrity up to ASIL B

» 5V to 35V (40V abs. max) operating range

* H-bridge or dual-channel half-bridge gate drivers

Smart gate drive architecture

Tripler charge pump for 100% PWM
— Wide common mode current shunt amplifier

e 1 Integrated half—bridge with IOUT max 8A (RDSON
HS +LS FET = 155mQ)

e 1 Integrated half—bridge with IOUT max 7A (RDSON
HS +LS FET = 185mQ)

« 2 Integrated half—bridges with IOUT max 4A (RDSON
HS +LS FET = 440mQ)

» 2 Integrated half-bridges with Ioyt max 1.3A load
(RDSON HS +LS FET = 1540mQ)

» 1 Configurable integrated high-side driver as lamp
or LED driver with IOUT Max 1.5/0.5A (RDSON =
0.4/1.2Q)

» 5 Configurable integrated high-side drivers for
0.5/0.25A load (RDSON = 120)

* 1 External MOSFET gate driver for charge of
electrochromic glass

* 1 Integrated low-side FET for discharge of
electrochromic glass

* Internal 10bit PWM generator for high-side drivers

» All high-side drivers support a low- or high- current
threshold constant current mode to drive a wide
range of LED modules

* 1 external MOSFET gate driver for heater
— Offline open load detection
— Vps monitoring of low Rpgony MOSFET for

short-circuit detection

» Integrated driver output features current regulation
(ITRIP)

* Muxable sense output (IPROPI)

— Internal current sensing with proportional
current output (IPROPI)

— Advanced die temperature monitoring with
multiple thermal clusters

— Motor supply voltage monitor

» Protection and diagnostic features with
configurable fault behavior
— Load diagnostics in both the off-state and on-

state to detect open load and short-circuit
— Overcurrent and over temperature protection

* Device Comparison Table

2 Applications

» Door module
» Body control modules
* Zonal module

3 Description

The DRV8000-Q1 device integrates multiple door
control specific functions: driving and diagnosing
motor (inductive), resistive and capacitive loads,
driving a lamp or LEDs, drive MOSFETs for special
loads such as heating element or electrochromic
elements. These drivers include protection features
for offline and active diagnostics such as under
and over voltage monitors, offline open load and
short-circuit diagnostics, and zone-based thermal
monitoring and shutdown protection. The device
features two half-bridge gate drivers, 6 integrated half-
bridges (2 high-side alternate modes), 6 integrated
high-side drivers, one external high-side gate driver
for heater, one external high-side gate driver for
electrochromic charge and one integrated low-side
driver for electrochromic load discharge. The half-
bridge, high-side, heater and gate drivers have
PWM input control configuration, sensing, diagnostics
and device system protection. There is a dedicated
internal programmable PWM generators for each
high-side driver. Proportional current sense pin output
is available for all integrated drivers, along with a
robust and flexible current shunt amplifier for the gate
driver.

Package Information
PACKAGE(") PACKAGE SIZE®)

RGZ (VQFN, 48) 7mm x 7mm

PART NUMBER
DRV8000-Q1

(1)  For more information, see Section 12.
(2) The package size (length x width) is a nominal value and
includes pins, where applicable.
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4 Device Comparison

Table 4-1. Device Comparison

DEVICE H'EI;!IPEGE Bl?l!)-g]i HIGH-SIDE | LAMP/LED EC GATE HEgIEI'IE i CURRENT PACKAGE
NAME DRIVER DRIVER DRIVER HS DRIVER DRIVER DRIVER SHUNT AMP
7x7 QFN-48
DRV8000-Q1 1x 6x 5x 1x 1x 1x 1x Wettable
Flank
7x7 QFN-48
DRVCB’SOOE_ 1x 6x 5x 1x 1x 1x 1x Wettable
Flank
6x6 QFN-40
DRV8001-Q1 X 6x 5x 1x 1x 1x X Wettable
Flank
7x7 QFN-48
DRV8002-Q1 1x 6x 5x 1x X X 1x Wettable
Flank
Table 4-2. Device Orderable Information
PRE-PRODUCTION PART
DEVICE NUMBER ORDERABLE PART NUMBER EVM
PDRV8000QWRGZRQ1
DRV8000-Q1 DRV8000QWRGZRQ1 DRV8000-Q1EVM
P2DRV8000QWRGZRQ1
DRV8000E-Q1 PDRV8000EQWRGZRQ1 DRV8000EQWRGZRQ1 DRV8000-Q1EVM
DRV8001-Q1 PDRV8001QWRHARQ1 DRV8001QWRHARQ1 DRV8001-Q1EVM
PDRV8002QRGZRQ1
DRV8002-Q1 DRV8002QWRGZRQ1 DRV8000-Q1EVM
P2DRV8002QWRGZRQ1

Selection considerations:

1. DRV8000E-Q1 is optimized for open load detection for low power brushed motors with high off state
resistance and independent Half-bridge Gate Driver.
2. DRV8001-Q1 is optimized for applications without the need for an H-bridge Gate Driver in a smaller

package.

3. DRV8002-Q1 is optimized for applications without sideview mirrors and pin to pin with DRV8000/E-Q1.
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5 Pin Configuration and Functions
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Figure 5-1. VQFN (RGZ) 48-Pin Package and Pin Functions (TOP VIEW)

Table 5-1. Pin Functions

PIN
[{o]Q) TYPE DESCRIPTION
NO. NAME
1 OouT4 O Power [440mQ half-bridge output 4.
2 PVDD | Device driver power supply input. Connect to the bridge power supply. Connect
Power |a 0.1yF, PVDD-rated ceramic capacitor and local bulk capacitance greater than
or equal to 10uF between PVDD and GND pins.
3 VCP 110 Charge pump output. Connect a 1uF, 16V ceramic capacitor between VCP and
Power )
PVDD pins.
4 CP1H 1/0 Power |Charge pump switching node. Connect a 100nF, PVDD-rated ceramic
5 CPIL /0 Power capacitor between the CP1H and CP1L pins.
6 CP2H I/0 Power |Charge pump switching node. Connect a 100nF, PVDD-rated ceramic
7 CP2L /0 Power capacitor between the CP2H and CP2L pins.
8 PVDD | Device driver power supply input. Connect to the bridge power supply. Connect
Power |a 0.1uF, PVDD-rated ceramic capacitor and local bulk capacitance greater than
or equal to 10uF between PVDD and GND pins.
9 OuUT5 O Power |155mQ half-bridge output 5.
10 PGND 110 Ground |Device ground. Connect to system ground.
11 OUT1 (6] Power |1.54Q half-bridge output 1.

4
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Table 5-1. Pin Functions (continued)
PIN
110" TYPE DESCRIPTION
NO. NAME
12 ouT2 O Power |1.54Q half-bridge output 2.
13 GD_IN1 | Digital |Gate Driver Half-bridge and H-bridge control input 1.
14 GD_IN2 | Digital | Gate Driver Half-bridge and H-bridge control input 2.
15 PWM1 | Diaital PWM input 1 for regulation of all drivers except electrochrome and Gate
9 Drivers.
16 nSCS | Digital Serial chllp sglect. A logic low on th}S pin enables serial interface
communication. Internal pullup resistor.
17 SDI | Digital Serial data input. Data is captured on the falling edge of the SCLK pin. Internal
9 pulldown resistor.
18 SDO O - Serial data output. Data is shifted out on the rising edge of the SCLK pin.
Digital
Push-pull output.
19 SCLK | - Serial clock input. Serial data is shifted out and captured on the corresponding
Digital . . o .
rising and falling edge on this pin. Internal pulldown resistor.
20 IPROPI/PWM2 110 Sense output is multiplexed from any of driver load current feedback, PVDD
Analog |voltage feedback, or thermal cluster temperature feedback. Can also be
configured as second PWM pin input for half-bridge drivers.
21 SO (0] Analog |Shunt amplifier output.
22 DRVOFF | Gate driver shutdown pin. Logic high to pulldown both high-side and low-side
Analog . .
gate driver outputs. Internal pulldown resistor.
23 nSLEEP | Analo Device enable pin. Logic low to shutdown the device and enter sleep mode.
9 |internal pulldown resistor.
24 DVDD | Power Device logic and digital output power supply input. Recommended to connect a
1.0pF, 6.3V ceramic capacitor between the DVDD and GND pins.
25 DGND 110 Ground |Device ground. Connect to system ground.
26 ECFB I/0 For EC control, pin is used as voltage monitor input and fast discharge low-
Power |side switch. If the EC drive function is not used, connect this pin to GND
through 10kQ resistor.
27 ECDRV 0 Analo For EC control, pin controls the gate of external MOSFET for EC voltage
9 regulation
28 SH_HS | Analo Source pin of high-side heater MOSFET and output to heater load. Connect to
9 |source of high-side MOSFET.
29 GH_HS O Analog |Gate driver output for heater MOSFET. Connect to gate of high-side MOSFET.
30 SN | Analo Amplifier negative input. Connect to negative terminal of the shunt resistor.
9 | Additional filtering is not recommended to the input of the Shunt Ampilifier.
31 SP | Analo Amplifier positive input. Connect to positive terminal of the shunt resistor.
9 | Additional filtering is not recommended to the input of the Shunt Ampilifier.
32 GH2 (6] High-side gate driver output. Connect to the gate of the high-side MOSFET.
Analog |Gate drive series resistance is not recommended as the impact crossover
transition timing.
33 SH2 | Analog |High-side source sense input. Connect to the high-side MOSFET source.
34 GL2 O Analog |Low-side gate driver output. Connect to the gate of the low-side MOSFET.
35 SL | Analo Low-side MOSFET gate drive sense and power return. Connect to system
9 ground with low impedance path to the low-side MOSFET ground return.
36 GL1 (0] Analog |Low-side gate driver output. Connect to the gate of the low-side MOSFET.
37 SHA1 | Analog |High-side source sense input. Connect to the high-side MOSFET source.
38 GH1 O High-side gate driver output. Connect to the gate of the high-side MOSFET.
Power |Gate drive series resistance is not recommended as the impact crossover
transition timing.
39 ouT12 (6] Power |1.2Q high-side driver output 12. Connect to low-side load.
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Table 5-1. Pin Functions (continued)
PIN
110 TYPE DESCRIPTION
NO. NAME
40 ouT11 O 1.2Q high-side driver output 11. Configurable as SC protection switch for EC
Power . .
drive. Connect to low-side load.
41 ouT10 0 Power |1.2Q high-side driver output 10. Connect to low-side load.
42 ouT9 (e} Power |1.2Q high-side driver output 9. Connect to low-side load.
43 ouT8 (6] Power |1.2Q high-side driver output 8. Connect to low-side load.
44 ouT7 (6] Power High-side driver output with configurable Rpgon (400mQ/1200mQ). Connect to
low-side load.
45 PVDD | Device driver power supply input. Connect to the bridge power supply. Connect
Power |a 0.1uF, PVDD-rated ceramic capacitor and local bulk capacitance greater than
or equal to 10uF between PVDD and GND pins.
46 ouTe O Power |185mQ half-bridge output 6.
47 PGND 110 Ground |Device ground. Connect to system ground.
48 OuUT3 0 Power [440mQ half-bridge output 3.

M

| = Input, O = Output

6
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6 Specifications
6.1 Absolute Maximum Ratings

over operating temperature range (unless otherwise noted) ()

MIN MAX| UNIT
Power supply pin voltage PVDD -0.3 40 \Y
Power supply transient voltage ramp PVDD 2| Vlus
Digital Logic power supply voltage ramp DVDD 2| Vlus
Voltage difference between ground pins GND, PGND -0.3 0.3 \Y
Charge pump pin voltage VCP -0.3 PVDD + 15 \%
Charge pump high-side pin voltage CP1H Vpypp— 0.3 Vycp + 0.3 \%
Charge pump high-side pin voltage CP2H Vpvpp — 0.6 Vycp + 0.3 \%
Charge pump low-side pin voltage CP1L, CP2L -0.3  Vpypp+0.3 \Y
Digital regulator pin voltage DVDD -0.3 5.75 \Y
A B PR
Output logic pin voltage SDO -0.3  Vpypp+ 0.3 V
Output pin voltage OuUT1-0UT12 -0.3  Vpypp + 0.9 \
Output current OUT1-OUT12, ECFB, ECDRV memally  Imemally|
s;?atgreand Electrochromic MOSFET gate drive pin GH_HS to\QS;ngsﬁ'g Vyep + 0.3 Vv
s(i?atg;and Electrochromic MOSFET source pin SH_HS, ECFB, ECDRV 03 Vpypp +03 Vv
High-side driver and Heater MOSFET source pin
maximum energy dissipation, T; = 25°C, L oap < OUT7-0UT12, SH_HS - 1 mJ
100 pH
High-side gate drive pin voltage GHx @ -2 Vycp + 0.3 \%
Transient 1-us high-side gate drive pin voltage GHx @ -5 Vycp + 0.3 \%
High-side gate drive pin voltage with respect to SHx | GHx @ -0.3 13.5 \%
High-side sense pin voltage SHx @ -2 40 v
Transient 1-ps high-side sense pin voltage SHx @ -5 40 Y
Low-side gate drive pin voltage GLx @ -2 13.5 \%
Transient 1-us low-side gate drive pin voltage GLx @ -3 13.5 \%
Low-side gate drive pin voltage with respect to SL GLx @ -0.3 13.5 \%
Low-side sense pin voltage SL® -2 2 \%
Transient 1-ps low-side sense pin voltage SL@ -3 3 \%
Gate drive current GHx, GLx Inf_ei::ii!é/ In:_eimi?!z A
Amplifier input pin voltage SN, SP -2 Vycp + 0.3 Vv
Transient 1-ps amplifier input pin voltage SN, SP -5 Vycp + 0.3 \%
Amplifier input differential voltage SN, SP -5.75 5.75 \%
Amplifier output pin voltage SO -0.3  Vpypp + 0.3 \%
Ambient temperature, Tp —40 125 °C
Junction temperature, T -40 150 °C
Storage temperature, T -65 150 °C

(1)

Operation outside the Absolute Maximum Ratings may cause permanent device damage. Absolute Maximum Ratings do not imply

functional operation of the device at these or any other conditions beyond those listed under Recommended Operating Conditions.

If used outside the Recommended Operating Conditions but within the Absolute Maximum Ratings, the device may not be fully

functional, and this may affect device reliability, functionality, performance, and shorten the device lifetime.
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(2) PVDD with respect to GHx, SHx, GLx, or SL should not exceed 40V. When PVDD is greater than 35V, negative voltage on GHx, SHx
GLx, and SL should be limited to ensure this rating is not exceeded. When PVDD is less than 35V, the full negative rating of GHx, SHx,
GLx, and SL is available.

6.2 ESD Ratings Auto

VALUE UNIT
PVDD, OUT1 - OUT12, ECFB,
Human body model (HBM), per AEC Q100-002 GND +4000 v
. |HBM ESD( Classification Level 2
Vies Electrostatic All other pins +2000
(ESD) | discharge :

Charged device model (CDM), per AEC Q100-011 | Corner pins +750 \
CDM ESD Classification Level C4B Other pins +500

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

6.3 Recommended Operating Conditions
over operating temperature range (unless otherwise noted)

MIN NOM MAX| UNIT
VpvpD Power supply voltage PVDD 5 35 V
Iys (M High-side average gate-drive current GHx 0 15| mA
g™ Low-side average gate-drive current GLx 0 15| mA
Vpvop Logic input voltage DVDD 3.1 5.5 \%
C GD_INx, PWM1, IPROPI/PWM2,

Vpin Digital input voltage DRVOFF, SO, SCLK, SDI 0 5.5 \%
Ibout Digital output current SDO 0 5 mA
fPwm Input PWM frequency PWM1, IPROPI/PWM2 0 25| kHz
V\pRoPI Analog output voltage for Vpypp > 7V IPROPI (IPROPI/PWM2 pin) 0 5.2 \Y
V\prOPI Analog output voltage for Vpypp < 7V IPROPI (IPROPI/PWM2 pin) 0 VPVD{’é \Y
Iso Shunt amplifier output current SO 0 5 mA
Ta Operating ambient temperature —40 125 °C
T, Operating junction temperature —40 150 °C
(1) Power dissipation and thermal limits must be observed.
6.4 Thermal Information RGZ package

THERMAL METRIC(") RGZ Package UNIT
Rga Junction-to-ambient thermal resistance 23.3 °C/W
Reyciop)  |Junction-to-case (top) thermal resistance 11.7 °C/W
Ress Junction-to-board thermal resistance 7.0 °C/W
Wyr Junction-to-top characterization parameter 0.1 °C/W
Y Junction-to-board characterization parameter 7.0 °C/W
Rescpoty  |Junction-to-case (bottom) thermal resistance 1.3 °C/W

(1)  For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
note.
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6.5 Electrical Characteristics
5V £ Vpypp £ 35V, 3.1V £ Vpypp £ 5.5V, -40°C < T, < 150°C (unless otherwise noted). Typical limits apply forVpypp = 13.5V,

VDVDD =5V and TJ =25°C.

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
POWER SUPPLIES (DVDD, VCP, PVDD)
IpvbDQ PVDD sleep mode current XE}’SD =138V, nSLEEP =0V -40 =T, < 35 55| pA
Ipvoba DVDD sleep mode current XgYC?D =138V, nSLEEP =0V -40 =T, < 3 4] pA
lpvDD PVDD active mode current Vpvpp = 13.5, nNSLEEP = Vpypp 8.7 14.5 mA
PVDD active mode current, reduced Vpyop = 13.5, nSLEEP = Vpypp; Charge
IPVDD . . 7 11.5 mA
options. pump in doubler mode.
Iovbp DVDD active mode current SDO =0V 5 8.5 mA
DVDD active mode current, reduced SDO = 0V; Charge pump in doubler
Ipvop ; 3.3 71 mA
options mode.
. Vpypp = 13.5V, DIS_CP =1, EN_GD =
lvop cp ois | DD charge pump disabled mode 0, HEAT_EN =0, EC_ON =0, OUTx_EN 1.2 45 mA
- current =0
. Vpypp = 13.5V, DIS_CP =1, EN_GD =
Iovon cp ois |2 DP charge pump disabled mode 0, HEAT_EN =0, EC_ON =0, OUTx_EN 3.4 85/ mA
-~ current =0
twAKE Turnon time nSLEEP = Vpypp to active mode 670 850 us
tsLEEp Turnoff time nSLEEP = 0V to sleep mode 1 ms
IDRVOFF_FLT | Filter time for DRVOFF signal asserted | DRVOFF = 0V to Vpypp 15 us
R
fvbp Digital oscillator switching frequency Primary frequency of spread spectrum 12.83 14.25 15.68| MHz
fvbp Digital oscillator spread spectrum range |Center spread on primary frequency -7 7 %
Charge pump regulator voltage with
Vvep respect to PVDD Vpyvpp 2 9V, lycp < 20mA 9.5 10.5 125 \
Charge pump regulator voltage with _
VVCP respect to PVDD VPVDD = 7V, IVCP <15mA 8.5 9 12 V
Charge pump regulator voltage with _
VVCP respect to PVDD VPVDD = 5V, |ch <12mA 6.8 7.5 11 V
Charge pump transition time between
tcp_tran doubler and tripler mode 300| s
Charge pump turn on time after enable
tep_en command. Includes initialization. 500 5501 ps
Vpypp = 13.5V, Crry1 = Crry2 = 100nF,
vep Lim Charge pump output current limit Cvcp = 14F, inrush during charge pump 500 mA
start-up
fvcp Charge pump switching frequency Primary frequency of spread spectrum 400 kHz
LOGIC-LEVEL INPUTS (INx, nSLEEP, SCLK, SDI, etc)
. DRVOFF, GD_INx, PWM1, IPROPI/ Vpvop X
Vi Input logic low voltage PWM2, nSLEEP, SCLK, SDI 0.3 03 V
- DRVOFF, GD_INx, PWM1, IPROPI/ Vpvpp X
Vi Input logic high voltage PWM2, nSLEEP, SCLK, SDI 0.7 55 \%
. DRVOFF, GD_INx, PWM1, IPROPI/ Vpvpp X
Vhvs Input hysteresis PWM2, nSLEEP, SCLK, SDI 0.15 v
. Vpin = 0V, DRVOFF, GD_INx, PWM1, _
e Input logic low current IPROPI/PWM2, nSLEEP, SCLK, SDI S 5 pA
M Input logic low current Vpin = 0V, nSCS 25 50 MA
IH Input logic high current Vpin = Vpvpp, NSCS -5 5 MA
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6.5 Electrical Characteristics (continued)
5V £ Vpypp £ 35V, 3.1V £ Vpypp £ 5.5V, -40°C < T; < 150°C (unless otherwise noted). Typical limits apply forVpypp = 13.5V,

VDVDD =5V and TJ =25°C.

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Vpin = Vbvobs DRVOFF, GD_lNX,
Iix Input logic high current PWM1, IPROPI/PWM2, nSLEEP, SCLK, 25 50 MA
SDI
) To GND, DRVOFF, GD_INx, PWM1,
Rpp Input pulldown resistance IPROPI/PWM2, nSLEEP, SCLK, SDI 140 200 260 kQ
Rpy Input pullup resistance To DVDD, nSCS 140 200 265 kQ
PUSH-PULL OUTPUT SDO
VoL Output logic low voltage lop = 5mA 0.5 \Y
Von Output logic high voltage lop = -5mA, SDO DVDB ; V
GATE DRIVERS (GHx, GLx, SHx, SL)
Ve L GHx low level output voltage lsDﬁ\;N—HS = IsTRoNG; laHx = TMA, GHx to 0 0.25 \Y
Veix L GLx low level output voltage lsDLRVN—'—S = IsTRoNG: leLx = 1mA, GLx to 0 0.25 \Y
ViHx H GHx high level output voltage 'gﬁ,VXP—”S = lhoLps loHx = TMA, VCP to 0 025 Vv
Iprvp_Ls = IoLp, leLx = 1MA ,10.5V <
VeLx H GLx high level output voltage Vevop <Vpvop_ov ; GLx to SL. Gate 9.35 10.5 12.5 \Y
driver turned off ifVPVDD > VF’VDD_OV
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6.5 Electrical Characteristics (continued)

5V £ Vpypp £ 35V, 3.1V £ Vpypp £ 5.5V, -40°C < T; < 150°C (unless otherwise noted). Typical limits apply forVpypp = 13.5V,
VDVDD =5V and TJ =25°C.

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT

|7|3/RVP_X =0000b, Vgsx = 3V, Vpypp 2 02 05 0.83 mA
IDRVP_x = 0001b, Vgsx = 3V, Vpypp 2 05 1 16 mA
A%

IDRVP_x = 0010b, Vgsx = 3V, Vpypp 2 13 2 28 mA
1A%

IDRVP_x = 0011b, Vgsx = 3V, Vpypp 2 21 3 4 mA
A%

I7E\)/RVP_X =0100b, Vgsx = 3V, Vpypp 2 29 4 53 mA
IR/RVP_X =0101b, Vgsx = 3V, Vpypp 2 3.7 5 6.45 mA
|7[3/RVP_X = 0110b, VGSX = 3V, VPVDD 2 4.45 6 7.65 mA
|7|3/RVP_X =0111b, Vgsx = 3V, Vpypp 2 55 7 9 mA

IbrvpP Peak gate current (source)
|7|3/RVP_X =1000b, Vgsx = 3V, Vpypp 2 56 8 102 mA
|7|:\)/RVP_X =1001b, Vgsx = 3V, Vpypp 2 88 12 152 mA
IR/RVP_X =1010b, Vgsx = 3V, Vpypp 2 16 16 20.4 mA
I7E\)/RVP_X =1011b, Vgsx = 3V, Vpypp 2 16 20 25.4 mA
I7E\)/RVP_X =1100b, Vgsx = 3V, Vpypp 2 176 24 30.4 mA
IR/RVP_X =1101b, Vgsx = 3V, Vpypp 2 24 31 40 mA
IR/RVP_X =1110b, Vgsx = 3V, Vpypp 2 28 48 62 mA
|7|3/RVP_X =1111b, Vgsx = 3V, Vpypp 2 46 62 78 mA
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6.5 Electrical Characteristics (continued)

5V £ Vpypp £ 35V, 3.1V £ Vpypp £ 5.5V, -40°C < T; < 150°C (unless otherwise noted). Typical limits apply forVpypp = 13.5V,
VDVDD =5V and TJ =25°C.

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
|7|3/RVN_X = 0000b, Vgsx = 3V, Vpypp 2 0.07 05 085 mA
IDRVN_x = 0001b, Vgsx = 3V, Vpypp 2 0.23 1 17 mA
v
IR/RVN_X =0010b, Vgsx = 3V, Vpypp 2 07 2 39 mA
IDRVN_x = 0011b, Vgsx = 3V, Vpypp 2 12 3 46 mA
v
I7IZ\)/RVN_x =0100b, Vgsx = 3V, Vpypp 2 175 4 59 mA
|DRVN_X = 0101b, VGSX = 3V, VPVDD 2 24 5 7.2 mA
v
|DRVN_X = 0110b, VGSX = 3V, VPVDD = 3 6 8.5 mA
v
|7|:\)/RVN_X = 0111b, Vgsx = 3V, Vpypp = 36 7 98 mA
| Peak gate current (sink
DRVN g (sink) IDRVN_x = 1000b, Vs, = 3V, Veyop 2
43 8 11 mA
v
IDRVN_x =1001b, Vgsx = 3V, Vpypp 2 73 12 16 mA
v
IR/RVN_X =1010b, Vgsx = 3V, Vpypp 2 106 16 204 mA
I7IZ\)/RVN_x =1011b, Vgsx = 3V, Vpypp 2 14 20 25.3 mA
I7IZ\)/RVN_x =1100b, Vgsx = 3V, Vpypp 2 178 24 30.2 mA
|7|3/RVN_X = 1101b, VGSX = 3V, VPVDD 2 23.8 31 40.2 mA
|7[3/RVN_X = 1110b, VGSX = 3V, VPVDD 2 27 48 63 mA
|7|:\)/RVN_X =1111b, Vgsx = 3V, Vpypp 2 45 62 79 mA
lHoLp Gate pullup hold current Gate hold source current, Vggy = 3V 5 16 30 mA
IsTRONG Gate pulldown strong current Vasx = 3V Iprv = 0.5 to 12mA 30 62 100 mA
IsTRONG Gate pulldown strong current Vasx = 3V Ipry = 16 to 62mA 45 128 200 mA
Rppsa_Ls Low-side semi-active gate pulldown GLx to SL, Vggx = 3V 1.8 kQ
Rppsa_Ls Low-side semi-active gate pulldown GLx to SL, Vggx = 1V 5 kQ
Rpp_Hs High-side passive gate pulldown resistor | GHx to SHx 150 kQ
Rpp s Low-side passive gate pulldown resistor |GLx to SL 150 kQ
. Into SHx, SHx = PVDD < 28V GHx - SHx
IsHx Switch-node sense leakage current = 0V, nSLEEP = 0V -5 0 20 MA
GATE DRIVER TIMINGS (GHx, GLx)
tPoR Ls Low-side rising propagation delay Input to GLx rising 300 850 ns
tPoF LS Low-side falling propagation delay Input to GLx falling 300 600 ns
tPDR_HS High-side rising propagation delay Input to GHx rising 300 600 ns
tPDF_Hs High-side falling propagation delay Input to GHx rising 300 600 ns
- o -
tbEAD Internal handshake dead-time 1G(I)'(,)/(/GHX falling 10% to GHx/GLx rising 350 ns
0
12 Submit Document Feedback Copyright © 2026 Texas Instruments Incorporated

Product Folder Links: DRV8000-Q1


https://www.ti.com/product/DRV8000-Q1
https://www.ti.com/lit/pdf/SLVSH22
https://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLVSH22B&partnum=DRV8000-Q1
https://www.ti.com/product/drv8000-q1?qgpn=drv8000-q1

13 TEXAS
INSTRUMENTS

www.ti.com

DRV8000-Q1

SLVSH22B — MAY 2024 — REVISED JANUARY 2026

6.5 Electrical Characteristics (continued)

5V £ Vpypp £ 35V, 3.1V £ Vpypp £ 5.5V, -40°C < T; < 150°C (unless otherwise noted). Typical limits apply forVpypp = 13.5V,
VDVDD =5V and TJ =25°C.

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
VGS_TDEAD = 00b, Handshake only 0 us
VGS_TDEAD =01b 1.6 2 24 us
tbeaD D Insertable digital dead-time
- VGS_TDEAD = 10b 34 4 4.6 us
VGS_TDEAD = 11b 6 8 10 us
CURRENT SHUNT AMPLIFIERS (SN, SO, SP)
Veom Common mode input range -2 Vevop ; Y
CSA_GAIN = 00b 9.75 10 10.25| VIV
CSA_GAIN =01b 19.5 20 20.5| VNV
Gesa Sense amplifier gain
CSA_GAIN = 10b 38.8 40 412 VN
CSA_GAIN =11b 77.6 80 824| VNV
XS%FSTEP =1.5V, Gcsa = 10V/V Cgo = 29 us
\6/8%_FSTEP =1.5V, Ggsa = 20V/V Cgp = 29 us
tseT Sense amplifier settling time to 1%
Vso_step = 1.5V, Ggsa = 40V/V Cgo = 29 us
60 pF
Vso_step = 1.5V, Ggsa = 80V/V Cgp = 3 us
60 pF
CSA_BLK =000b 0 %
CSA_BLK =001b 25 %
CSA_BLK =010b 37.5 %
oLk csa Sense amplifi_er output blanking time CSA_BLK=011b 50 %
- (% of Gate driver TDRIVE) CSA_BLK = 100b 62.5 %
CSA_BLK=101b 75 %
CSA_BLK =110b 87.5 %
CSA BLK=111b 100 %
tsLew csa | Output slew rate Cso =60 pF 25 V/us
Veias Output voltage bias Vsex = Vo = OV, GSA DIV =06 Vovoo /2 v
Vspx = Vsnx = 0V, CSA_DIV = 1b Vbvop / 8 \Y
VLINEAR Linear output voltage range Vpvop = 3.3V = 5V 0.25 VDVB.DZE \Y
Vorr Input offset voltage Vgpy = Vgnx = 0V, Ty =25°C -1 1 mV
VorF b Input offset voltage drift Vgpx = Vgny = OV +10 25| pvI'Cc
Igias Input bias current Vgpx = Vanx = OV 100 pA
Iias_oFF Input bias current offset Ispx - lsnx 100 MA
DC,-40=<T;<125°C 72 90 dB
CMRR Common mode rejection ratio DC,40=<T,;<150°C 69 90 dB
20kHz 80 dB
PVDD to SOx, DC 100 dB
PSRR Power supply rejection ratio PVDD to SOx, 20kHz 90 dB
PVDD to SOx, 400kHz 70 dB
GATE DRIVER PROTECTION CIRCUITS
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6.5 Electrical Characteristics (continued)

5V £ Vpypp £ 35V, 3.1V £ Vpypp £ 5.5V, -40°C < T; < 150°C (unless otherwise noted). Typical limits apply forVpypp = 13.5V,
VDVDD =5V and TJ =25°C.

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Vver - Vevpp, Ve falling
VCP_UV_MODE = 0b 4 475 5.5 v
Vep uv Charge pump undervoltage threshold -
- Vvee - Vevop, Vyep falling 55 6.25 7 Vv
VCP_UV_MODE = 1b ’ '
tcp uv pg | Charge pump undervoltage deglitch time 8 10 12.75 us
Charge pump tripler to doubler switch .
Ver_so over threshold Vpypp rising 17.75 18.75 19.75 \
Charge pump tripler to doubler switch .
ch_so over threshold VPVDD falllng 16.75 17.75 18.75 \Y
t Charge pump tripler to doubler switch 115 v
CP_SO_HYS | gver hysteresis :
Charge pump tripler to doubler switch
feP_s0.D6 | yer threshold deglitch 8 10 1275 us
Ves cLp High-side driver VGS protection clamp 12,5 15 17 \Y
B/bGHX — Vst VeLx — Vpenp, VGS_LVL = 11 14 175 Vv
Vas Ll Gate voltage monitor threshold
- VaHx — Vshx YeLx — Veenp, VGS_LVL =
1b 0.75 1 1.2 \Y
tes FLT be | Vs fault monitor deglitch time 1.5 2 2.75 us
tes Hs b | Vas handshake monitor deglitch time 210 ns
VGS_TDRV = 000b 1.5 2 25 us
VGS_TDRV =001b 3.25 4 4.75 us
VGS_TDRV = 010b 6 8 10 us
) v gV tor blanking i VGS_TDRV = 011b 10 12 14 us
an monitor blanking time
DRIVE es ps 9 VGS_TDRV = 100b 14 16 18] us
VGS_TDRV = 101b 20 24 28 us
VGS_TDRV = 110b 28 32 36 us
VGS_TDRV = 111b 80 96 120 us
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6.5 Electrical Characteristics (continued)

5V £ Vpypp £ 35V, 3.1V £ Vpypp £ 5.5V, -40°C < T; < 150°C (unless otherwise noted). Typical limits apply forVpypp = 13.5V,

VDVDD =5V and TJ =25°C.

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
VDS _LVL_x = 0000b, BRG_MODE = 0050 0062 0o074] v
00b
VDS _LVL_x = 0001b, BRG_MODE = 0070 0084 0098 V
00b
VDS_LVL_x = 0010b, BRG_MODE = 0089 0105 0423 v
00b
VDS_LVL_x = 0011b, BRG_MODE = 0108 0427 o4a7| v
00b
VDS_LVL_x = 0100b, BRG_MODE = 0128 o448 o470l v
00b
VDS_LVL_x =0101b, BRG_MODE = 0.147 0.169 0.195 vV
00b
VDS_LVL_x = 0110b, BRG_MODE = 0166 0491 o0218| v
00b
Vpg overcurrent protection threshold VDS_LVL x =0111b, BRG_MODE = 0.185 0.212 0.243 v
Vps_LvL (DRV800x-Q1 Independent Half-bridge | 00b
mode = =
) VDS _LVL_x = 1000b, BRG_MODE 0278 0318 0383 V
00b
VDS _LVL_x = 1001b, BRG_MODE = 0372 0425 0483 V
00b
VDS_LVL_x = 1010b, BRG_MODE = 0466 0532 0605 V
00b
VDS_LVL_x = 1011b, BRG_MODE = 0562 0638 0725 v
00b
VDS_LVL_x = 1100b, BRG_MODE = 0655 0745 08a7| v
00b
VDS_LVL_x = 1101b, BRG_MODE = 0942 1066  1208| v
00b
VDS_LVL_x = 1110b, BRG_MODE = 1322 1494 1692 v
00b
VDS_LVL_x = 1111b, BRG_MODE = 00b 1.890 2.132 2.41 V
VDS_LVL_x = 0000b 0.051 0.06 0.069 V
VDS_LVL_x =0001b 0.068 0.08 0.092 \%
VDS_LVL_x =0010b 0.085 0.10 0.115 \%
VDS_LVL_x =0011b 0.102 0.12 0.138 Vv
VDS_LVL_x =0100b 0.119 0.14 0.161 V
VDS_LVL_x=0101b 0.136 0.16 0.184 V
_ VDS_LVL_x = 0110b 0.153 0.18  0.207| V
Vps overcurrent protection threshold
v (DRV800x-Q1 H-bridge mode with VDS_LVL_x =0111b 0.17 0.2 0.23 \
DS_LvL matching VDS_LVLx setting, DRV800XE- DS LVL x = 1000b 0.255 03 0345 V
Q1 all modes) —
VDS_LVL_x=1001b 0.35 0.4 0.45 \%
VDS_LVL_x =1010b 0.44 0.5 0.56 \%
VDS_LVL_x=1011b 0.52 0.6 0.68 Vv
VDS_LVL_x =1100b 0.61 0.7 0.79 V
VDS_LVL_x=1101b 0.88 1 1.12 V
VDS_LVL x = 1110b 1.2 14 16| V
VDS_LVL_x=1111b 1.75 2 2.25 V
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6.5 Electrical Characteristics (continued)

5V £ Vpypp £ 35V, 3.1V £ Vpypp £ 5.5V, -40°C < T; < 150°C (unless otherwise noted). Typical limits apply forVpypp = 13.5V,
VDVDD =5V and TJ =25°C.

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
VDS_DG = 00b 0.75 1 1.5 us
VDS_DG =01b 1.5 2 25 us
tbs DG Vpg overcurrent protection deglitch time
- VDS_DG = 10b 3.25 4 475 us
VDS_DG = 11b 6 8 10 us
loLp_pu Offline diagnostic current source Pullup current 3.5 mA
loLp_PD Offline diagnostic current source Pulldown current mA
Vps 1yt = 1.4V, 5V < Vpypp < 18V 22 50| kQ
Rowo Offline open load resistance detection | Vbs_tv = 1.4V, 5V < Vpypp < 37V 22 105 kQ
threshold Vps 1vi = 2V, 5V < Vpypp < 18V 10 25|  kQ
Vbs_1vL = 2V, 5V £ Vpypp < 37V 10 50 kQ
HEATER MOSFET DRIVER
IgH_Hs_HEAT |Average charge-current Ty=25C 50 mA
ReL_HeaT On-resistance (discharge stage) T,=25C 15 20 25 Q
ReL_HeAT On-resistance (discharge stage) T,=125C 28 36 Q
VeH_Hs_HigH | GH_HS high level output voltage Vpypp = 5V; Icp = 15mA Vsh_ns * \Y
VG Hs_HicH | GH_HS high level output voltage Vpyop = 13.5V; Icp = 15mA VSH;HS VSHJ‘% VSHJﬁE v
IHEAT_sH_sT SH_HS leakage current standby 25|  pA
BY_LK
Res_Heat Passive gate-clamp resistance 150 kQ
tpor GH Hs | GH_HS rising propagation delay Vpvpp = 13.5V; Rg = 0Q; Cg = 2.7nF 0.6 us
tepF GH Hs | GH_HS falling propagation delay \égvz%;:]g's\/; VsH_ns = 0V; Rg = 00 0.5 us
trisE GH Hs | Rise time (switch mode) \éZVEDz;:lg'SV; VsH_ns = 0V; Rg = 00 300 ns
traLL GH Hs | Fall time (switch mode) \C/';VBDQ;J“EEV; VsH_ns = 0V; Rg = 00; 170 ns
HEATER PROTECTION CIRCUITS
HEAT_VDS_LVL = 0000b 0.050 0.06 0.07 \
HEAT_VDS_LVL = 0001b 0.067 0.08 0.093 \Y
HEAT_VDS_LVL = 0010b 0.085 0.10 0.115 \Y
HEAT_VDS_LVL = 0011b 0.102 0.12 0.138 \Y
HEAT_VDS_LVL = 0100b 0.119 0.14 0.161 \Y
HEAT_VDS_LVL =0101b 0.136 0.16 0.184 \
HEAT_VDS_LVL = 0110b 0.153 0.18 0.207 \
Vbs_LvL_Hea | Vbs overcurrent protection threshold for HEAT_VDS_LVL =0111b 0.17 0.2 0.23 \
T heater MOSFET HEAT_VDS_LVL = 1000b 0.204 0.240 0.276 v
HEAT_VDS_LVL = 1001b 0.238 0.280 0.322 \Y
HEAT_VDS_LVL = 1010b 0.272 0.320 0.368 \Y
HEAT_VDS_LVL = 1011b 0.306 0.360 0.414 \Y
HEAT_VDS_LVL = 1100b 0.340 0.400 0.460 \Y
HEAT_VDS_LVL = 1101b 0.374 0.440 0.506 \
HEAT_VDS_LVL = 1110b 0.476 0.560 0.644 \
HEAT VDS _LVL = 1111b 0.85 1 115 V
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6.5 Electrical Characteristics (continued)

5V £ Vpypp £ 35V, 3.1V £ Vpypp £ 5.5V, -40°C < T; < 150°C (unless otherwise noted). Typical limits apply forVpypp = 13.5V,

VDVDD =5V and TJ =25°C.

H

=1b

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
HEAT_VDS_DG = 00b 0.75 1 1.5 ys
) v t orotection dedlitch i HEAT_VDS_DG =01b 1.5 2 25 ys
overcurrent protection deglitch time
DS_HEAT_DG | YDS P 9 HEAT_VDS_DG = 10b 3.25 4 475 s
HEAT_VDS_DG = 11b 6 8 10 us
HEAT_VDS_BLK = 00b 3.25 4 4.75 us
) v t brotection blankin i HEAT_VDS_BLK = 01b 6 8 10 us
overcurrent protection blanking time
DS_HEAT_BLK | ¥DS P 9 HEAT_VDS_BLK = 10b 13 16 19| ps
HEAT_VDS_BLK = 11b 27 32 37 ys
VoL _HeaT Open load threshold voltage VsH Hs = OV 1.8 2 2.2 V
Pullup current source open-load
loL_HeaT diagn%sis activated P VsH_ns = OV; Vspheater = 4.5V 1 mA
toL_HEaT Open-load filter time for heater MOSFET 2 ms
ELECTROCHROMIC DRIVER
Rbson Low-side MOSFET on resistance for EC | Y?vPD = 138V, Ty = 25°C; lecrs =
ECFB discharge £0.25A 1375 mQ
9 ECFB_LS EN = 1b
Rpson Low-side MOSFET on resistance for EC | *2voD = 13:8V; Ty = 150°C; lgcrs =
ECFB discharae +0.125A 2500 mQ
9 ECFB_LS_EN=1b
IOC_ECFB K)/I\é)esr('::uEr_rrent threshold of low-side VPVDD = 135V, IECFB current sink 0.5 1 A
V <20V; 1 current sink 40 S
toe oc ecrs | Overcurrent shutdown deglitch time PVDD ECFB - .
- Vpvpp >20V; lgcpg current sink 15 us
dVecrg/dt | Slew rate of ECFB, low-side MOSFET | Vpypp = 13.5V, Rload = 64Q to Pypp 7 V/us
Open load detection threshold for EC _ _
loL_EcFB_LS during discharge EC_OLEN =1b, ECFB_LS_EN=1b 10 20 32| mA
'oe_ov_ecrs Open load detection deglitch time EC_OLEN = 1b, ECFB_LS_EN = 1b 400 600| s
_Ls
VG CTRUmax II\E/ICa;SI;num EC-control voltage target for ECFB_MAX = 1b 14 16 vV
Ve cTRUmax lé/lé)élénum EC-control voltage target for ECFB_MAX = Ob 112 198 Vv
Minimum resolution for adjustable
Vec_res voltage of ECFB J EC_ON=1b 238 mV
DNLgcrs Differential Non Linearity EC_ON=1b -2 2| LSB
Voltage deviation between target and Viarget = 23.8 mV, dVeces=Viarget - Veces; | —5% (- +5%
[dVecrsl 9 g mV
ECFB |lecprvl] < 1 A 1LSB) (+1LSB)
Voltage deviation between target and Viarget = 1.5V, dVecrs=Viarget - VeCES; | 5% (- +5%
[dVecrs| 9 9 mv
ECFB lecorvl < 1 A 1LSB) (+1LSB)
Indicates voltage at ECFB is higher than V +
Vecrs_Hi target ’ o EC_ON=1b tar86.}(12 v
Indicates voltage at ECFB is lower than _ Viarget —
Vecrs_ Lo target EC_ON=1b 0.12 v
tFT ECFB Filter time of ECFB high/low flag EC_ON=1b 32 us
tBLK_EcFB Blanking time of EC regulation flags Any EC target voltage change 200 250 300 us
Vecrs_ov_t Threshold for overvoltage on ECFB ECFB_OV_MODE = 01b or 10b, EC_ON 3 \
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6.5 Electrical Characteristics (continued)

5V £ Vpypp £ 35V, 3.1V £ Vpypp £ 5.5V, -40°C < T; < 150°C (unless otherwise noted). Typical limits apply forVpypp = 13.5V,
VDVDD =5V and TJ =25°C.

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
ECFB_OV_MODE = 01b or 10b,
ECFB_OV_DG = 00b 16 20 24| ks
ECFB_OV_MODE = 01b or 10b
e ’ 40 50 60 5
t Deglitch time for overvoltage flag on ECFB_OV_DG = 01b i
ECFB_OV.DG |ECFB ECFB_OV_MODE = 01b or 10b, 80 100 120 us
ECFB_OV_DG = 10b H
ECFB_OV_MODE = 01b or 10b,
ECFB_OV DG = 11b 160 200 2401 ws
VEcDRVminHl | Output vgltage range of ECDRV when lecory = -10uA 45 6.5 Vv
GH EC ON=1
VEcprvmaxL | Output voltage range of ECDRV when _
ow EC_ON =0 IECDRV = 1OHA 0 0.7 \Y
lEcDRY Current into ECDRV Viarget >YECFB +500mV; -730 -80 PA
Vtarget < VEecrg - 500 mV;
IECDRV Current into ECDRV VECDRV =1.0V; 150 350 MA
Vtarget =1LSB; VECFB =0.5V
R Pulldown resistance at ECDRYV in fast Vecpry = 0.7 V; EC enabled, then 1 KQ
ECDRV_DIS | discharge mode EC<5:0> = 0 or EC disabled
toiscuarce | Auto-discharge pulse width EEFB—LS—PWM =1b, ECFB_LS_EN = 240 300 360| ms
{ECFB_DISC_B | Ayto-discharge blanking time EEFB—LS—PWM =1b, ECFB_LS_EN = 2.25 3 3.75| ms
LK
Voisc. v |PWM discharge level Vecpry EEFB—LS—PWM = 1b, ECFB_LS_EN = 335 400 465 mv
VDISC_TH_DIF PWM discharge threshold level VECDRV - ECFB_LS_PWM = 1b, ECFB_LS_EN = 50 0 50 mv
F VEcrs 1b
Vecrs_ovp_t | Threshold for open load detection on EC_EN = Ob, EC_DIAG = 10b 9 Vv
H ECFB
Current into ECFB during open load _ _
IECFB_OLP detection EC_EN = Ob, EC_D|AG =10b 0.5 mA
tecrs_oLp Open load filter time for ECFB EC_ON=0b, ECFB_DIAG=10b 2 3 4 ms
EC_EN = 0b, EC_DIAG = 01b, o5 iy
ECFB_SC_RSEL=00b
EC_EN = 0b, EC_DIAG = 01b, 50 mv
Vv Threshold for short-circuit detection on  |ECFB_SC_RSEL=01b
ECFB_SC_THIECFB EC_EN = Ob, EC_DIAG = 01b, 100 N
ECFB_SC_RSEL=10b
EC_EN = 0b, EC_DIAG = 01b,
ECFB_SC_RSEL=11b 150 mv
Current into ECFB during short-circuit _ _
lEcFB_SC | gotection EC_EN = Ob, EC_DIAG = 01b 50 mA
tecrs.sc Eg?:rgcwcwt diagnostics filter time for EC_ON=0b, ECFB_DIAG=01b 9 3 4 ms
HALF-BRIDGE DRIVERS
| =1A,T;=25C 775 mQ
Ron_outt2_ High-side MOSFET on resistance ouT !
HS lout = 0.5A, T; = 150°C 1480 mQ
| =1A,T;=25C 765 mQ
RoN_ouT1.2_ | ow-side MOSFET on resistance ouT !
Ls lout = 0.5A, T, = 150°C 1460 mQ
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6.5 Electrical Characteristics (continued)

5V £ Vpypp £ 35V, 3.1V £ Vpypp £ 5.5V, -40°C < T; < 150°C (unless otherwise noted). Typical limits apply forVpypp = 13.5V,
VDVDD =5V and TJ =25°C.

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
lour =4A, T;=25C 220 mQ
Ron_outas_ High-side MOSFET on resistance ouT !
HS loutr = 2A, Ty, = 150°C 450 mQ
lour=4A, T;=25C 220 mQ
RoN_ouTs_ || gw.side MOSFET on resistance ouT !
LS lout = 2A, Ty =150°C 450 mQ
lout=8A, T;=25°C 80 mQ
Ron_ous_H High-side MOSFET on resistance ouT !
s lour =4A, T;=150°C 160, mQ
| =8A,T;=25C 75 mQ
RoN_ouTs L || ow-side MOSFET on resistance ouT !
S lout =4A, T; =150°C 150 mQ
Ron_oue_+ High-side MOSFET on resistance lout = 7A, T; = 25°C 90 mQ
s
Ron_oue_+ High-side MOSFET on resistance lout = 3.5A, T, = 150°C 180 mQ
s
RON_OUT6_L || ow-side MOSFET on resistance lout = 7A, T; = 25°C 95 mQ
s
RoN_ouT6 L || gw-side MOSFET on resistance lout = 3.5A, T, = 150°C 190 mQ
s
Output voltage rise/fall time for all half- _ : _
SRouT_HB bridge OUTx, 10% - 90% PVDD = 13.5V; OUTx_SR = 00b 1.6 Vlius
Output voltage rise/fall time for all half- _ ) _
SRouT_HB bridge OUTX. 10% - 90% PVDD = 13.5V; OUTx_SR =01b 135 Vlius
Output voltage rise/fall time for all half- _ ) _
SROUT_HB brldge OUTX, 10% - 90% PVDD = 135V, OUTX_SR =10b 24 V/US
t Propaaation time during outout voltage ON command or INx (SPI last transition)
PD_OUT HB_ |FTOPag g outp 98 Ito OUTx 10% voltage rise (any SR 10| us
HS R rise for HS .
— setting)
t Propaaation time during outout voltage ON command or INx (SPI last transition)
PD_OUT_HB_ bag goulp 9 lto OUTx 10% voltage fall (any SR 1| us
HS F fall for HS .
— setting)
¢ Propaaation time during outout voltage ON command or INx (SPI last transition)
PD_OUT HB_ |FTOPag g outp 98 |to OUTx 10% voltage rise (any SR 10| s
LS R rise for LS .
— setting)
t Propagation time during outout voltage ON command or INx (SPI last transition)
PD_OUT_HB_ | "foPag goulp 9 lto OUTx 10% voltage fall (any SR 10| ps
LS F fall for LS .
- setting)
¢ Dead time during output voltage rise for |PVDD = 13.5V; OUTx_ITRIP_LVL = 00b, 6 s
DEAD_HS_ON HS All SRs [
toeap Hs oF |Dead time during output voltage fall for |PVDD = 13.5V; OUTx_ITRIP_LVL = 00b,
She 6 us
F HS All SRs
t Dead time during output voltage rise for |PVDD = 13.5V; OUTx_ITRIP_LVL = 00b, 7 s
DEAD_LS ON || g All SRs H
tpeap Ls oF |Dead time during output voltage fall for |PVDD = 13.5V; OUTx_ITRIP_LVL = 00b, 1
_LS_ 4 us
F LS All SRs
HALF-BRIDGE PROTECTION CIRCUITS
locp out12 |Overcurrent protection threshold 1.2 2.2 A
locr_ouTsa4 |Overcurrent protection threshold 8 A
locp_outs  |Overcurrent protection threshold 16 A
locp_outs | Overcurrent protection threshold 7 13 A
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6.5 Electrical Characteristics (continued)

5V £ Vpypp £ 35V, 3.1V £ Vpypp £ 5.5V, -40°C < T; < 150°C (unless otherwise noted). Typical limits apply forVpypp = 13.5V,
VDVDD =5V and TJ =25°C.

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
OUTX_OCP_DG = 00b 4.5 6 7.3 us
¢ Overcurrent protection deglitch time in | OUTX_OCP_DG = 01b 8 10 12 Hs
DG_OCP_HB | half-bridge drivers OUTX_OCP_DG = 10b 12 15 18] s
OUTX_OCP_DG = 11b 48 60 72 us
OUT1_ITRIP_LVL = 1b and 0.65 11 A
| Current threshold to trigger ITRIP OUTZ_ITRIP_LVL = 1b ) '
ITRIP_OUT1,2 regulation for OUT1 and OUT2 OUT1_ITRIP_LVL = Ob and
OUT2_ITRIP_LVL = 0b 0.5 0.9 A
OUT3_ITRIP_LVL = 10b and
OUT4_ITRIP_LVL = 10b 2.9 41 A
| Current threshold to trigger ITRIP OUT3_ITRIP_LVL = 01b and 16 3.05 A
ITRIP_OUT3.4 | regulation for OUT3 and OUT4 OUT4_ITRIP_LVL = 01b : :
OUT3_ITRIP_LVL = 00b and 1 16 A
OUT4_ITRIP_LVL = 00b '
OUTS5_ITRIP_LVL = 10b 6.65 8.95 A
Current threshold to trigger ITRIP _
IiTRIP_OUTS regulation for OUT5 OUTS5_ITRIP_LVL = 01b 5.65 7.8 A
OUTS5_ITRIP_LVL = 00b 25 34 A
Current threshold to trigger ITRIP _
IirrIP_ouTs regulation for OUT6 OUT6_ITRIP_LVL = 10b 5.35 7.35 A
Current threshold to trigger ITRIP _
IirrIP_oUTE regulation for OUT6 OUT6_ITRIP_LVL = 01b 4.65 6.4 A
Current threshold to trigger ITRIP _
liTRIP_oUTE regulation for OUT6 OUT6_ITRIP_LVL = 00b 1.75 2.75 A
OUTX_ITRIP_FREQ = 00b 17 20 23| kHz
f Fixed frequency of ITRIP regulation for |OUTX_ITRIP_FREQ = 01b 10 12| kHz
'TRIP_HB I half-bridge drivers OUTX_ITRIP_FREQ = 10b 5 6| kHz
OUTX_ITRIP_FREQ = 11b 25 3| kHz
OUTX_ITRIP_DG = 00b 1.5 2 25 us
) ITRIP regulation deglitch time for half- ~ |OUTX_ITRIP_DG = 01b 5 6| s
POITRIPHE | pridge drivers OUTX_ITRIP_DG = 10b 10 12| ps
OUTX_ITRIP_DG = 11b 16 20 24| s
Under-current threshold for half-bridges
lota 0UT12 |1 4 2 9 6 20 30| mA
Under-current threshold for half-bridges
IOLAﬁOUT3,4 3and 4 9 15 50 90 mA
lota_ouTs ;Jnder-current threshold for half-bridges 40 150 300 mA
lota_ouTs (LSJnder-current threshold for half-bridges 30 120 240 mA
¢ Filter time of open-load signal for half- Duration of open-load condition to set 10 ms
OLA_HB bridges the status bit
Apropi12 | Current scaling factor for OUT1-2 650 A/A
AiproPI3 4 Current scaling factor for OUT3-4 1940 A/A
AlPROPIS Current scaling factor for OUT5 4000 A/A
ApROPIG Current scaling factor for OUT6 3500 A/A
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6.5 Electrical Characteristics (continued)

5V £ Vpypp £ 35V, 3.1V £ Vpypp £ 5.5V, -40°C < T; < 150°C (unless otherwise noted). Typical limits apply forVpypp = 13.5V,
VDVDD =5V and TJ =25°C.

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
0.1A < IOUT1,2 <0.25A -15 15 %

Current sense output accuracy for

IACC_1,2 OUT1-2 0.25A < IOUT1,2 <0.5A -10 10 %
0.5A <lpym12 < 1A -8 8 %
0.1A < IOUT3,4 <0.5A -15 15 %

| Current sense output accuracy for 0.5A <loyt3s < 1A -12 12 %

Acc 34 ouUT3-4 1A < loutas < 2A -10 10] %
2A < IOUT3,4 <4A -8.5 8.5 %

|A0075 0.1A <lpyTts < 0.8A -40 40 %

| 0.8A<| <2A -12 12 %

ACCS Current sense output accuracy for OUT5 ouTS >

Iacc_s 2A < loyts < 4A -10 10| %

IACC_S 4A < IOUT5 < 8A -8 8 %

IACC_S 0.1A < IOUTG <0.8A -40 40 %

| 0.8A<| <2A -12 12 %

AcC S Current sense output error for OUT6 ouTe >

lacc s 2A <lgyte < 4A -10 10 %
lacc_6 4A < lgyTe < 8A -8 sl o
Resistance threshold on OUTx to Vpvop = 9V, Vorp Rer = 2.65V,

Rs_enD GND detected as a short during OLP OUTX_CNFG = 0b, HB_OLP_CNFG > 1 3 kQ
(DRV8000-Q1, DRV8002-Q1) Ob and HB_OLP_SEL > 0b
Resistance threshold on OUTx to Vpvop = 9V, Vorp Rer = 2.65V,

Rs_anD GND detected as a short during OLP OUTX_CNFG = 0b, HB_OLP_CNFG > 0.8 3 kQ
(DRV8000E-Q1) Ob and HB_OLP_SEL > 0b

Vevop = 13.5V, Vpypp = 5V,
Resistance threshold on OUTx to PVDD |Vo.p rer = 2.65V, OUTX_CNFG

Rs_pvoD detected as a short during OLP = 0b, HB_OLP_CNFG > 0Ob and 3 151 kO
HB_OLP_SEL > 0b
5V < VPVDD < 35V, VDVDD =
R Resistance threshold on OUTx to PVDD |5V, Vo p rer = 2.65V, OUTX_CNFG 1 40 kO
S_PVDD detected as a short during OLP = 0b, HB_OLP_CNFG > 0b and
HB_OLP_SEL > 0b
Vovop = 5V, VoLp_ReF =
R DRV8000-Q1 Resistance threshold on 2.65V, OUTX_CNFG = 0b, 35 1500 0
OPEN_HB | OUTx detected as an open HB_OLP_CNFG > 0b and
HB_OLP_SEL > 0b
OUTX_CNFG = 0b, HB_OLP_CNFG >
DRV8000-Q1 OLP comparator T o -
VOLP_REFH Reference ngh Ob and HB_OLP_SEL > 0b 2.65 \Y
OUTX_CNFG = 0b, HB_OLP_CNFG >
DRV8000-Q1 OLP comparator T T -
VOLP_REFL Reference Low 0Ob and HB_OLP_SEL > 0b 2 \Y
Vovop =5V, VoLp Ref =
R DRV8000E-Q1 Resistance threshold on |2.65V, OUTX_CNFG = 0Ob, 320 1500 0
OPEN_HB | OUTx detected as an open HB_OLP_CNFG > 0b and
HB_OLP_SEL > 0b
OUTX_CNFG = 0b, HB_OLP_CNFG >
DRV8000E-Q1 OLP comparator T . -
VOLPiREFH Reference High Ob and HB_OLP_SEL > 0b 2.85 V
OUTX_CNFG = 0b, HB_OLP_CNFG >
DRV8000E-Q1 OLP comparator T o -
VOLPiREFL Reference Low Ob and HB_OLP_SEL > 0b 1.7 \
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6.5 Electrical Characteristics (continued)

5V £ Vpypp £ 35V, 3.1V £ Vpypp £ 5.5V, -40°C < T; < 150°C (unless otherwise noted). Typical limits apply forVpypp = 13.5V,
VDVDD =5V and TJ =25°C.

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
R Internal pullup resistance on OUTx to (?:;:(d—ggFSLTDOg’ETE—OObLP—CNFG > 1 kO
OLP_PU VDD during OLP -
R Internal pulldown resistance on OUTx to Oobu;:fj—ggFSLT:,Og’ETE—(?bLP—CNFG > 1 kO
OLP_PD VDD during OLP -
HIGH-SIDE DRIVERS
RDSON TJ = 25°C; IOUT7 =+0.5A 400 mQ
OUTY (low |High-side MOSFET on resistance in low
RDSON resistance mode T,=150°C; loyr7 = +0.25A 730 mQ
mode)
RDSON TJ = 25“C, IOUTS = +0.25A 1200 mQ
OUT7 (high |High-side MOSFET on resistance in high
RDSON resistance mode T, =150°C; louTs = +0.125A 2200 mQ
mode)
T,=25C; | =10.25A 1200 mQ
Roson High-side MOSFET on resistance J ouTs
ouT8 T, =150°C; loyTg = +0.125A 2200 mQ
T,=25C; | = +0.25A 1200 mQ
Roson High-side MOSFET on resistance ! ouTs
ouT9 T, =150°C; loyte = +0.125A 2200 mQ
T,=25C; | = +0.25A 1200 mQ
Roson High-side MOSFET on resistance J ouTio
OouT10 T, =150°C; loyT1o = +0.125A 2200 mQ
T,=25C; | = +0.25A 1200 mQ
Roson High-side MOSFET on resistance ! ~ ouTH!
ouT1 T, =150°C; loyt11 = £0.125A 2200 mQ
T,=25C; | =+0.25A 1200 mQ
Roson High-side MOSFET on resistance J ouT2
ouT12 T, =150°C; loyT12 = £0.125A 2200 mQ
SRus out7_ | Slew rate for OUT7 High Rpson mode OUT7_RDSON_MODE = 0b, PVDD = 0.35 Vius
HI (10 to 90% of the final OUT value) 13.5V, Rload = 64Q ' H
SRus out7_ | Slew rate for OUT7 Low Rpgon mode OUT7_RDSON_MODE = 1b, PVDD = 0.29 Vius
LO (10 to 90% of the final OUT value) 13.5V, Rload = 16Q ' H
Slew rate for OUT8 — OUT12 (10 to 90% _
SRus of the final OUT value) PVDD = 13.5V, Rload 64Q 1.6 Vlius
Rise propagation delay time driver for
OUT?7 High Rpsony mode _
tPD_ouT7_HI_ (Delay between High-side ON command 85;;:??28%2"5?648& 16 us
ON (SPI last transition) to 10% of final OUT7 o
value)
Fall propagation delay time driver for
OUT7 High Rpson mode _
tPD_OUT7_HI_ (Delay between High-side OFF Sb’gézfg’?SNFag”a?,iEG;gb' 16 us
OFF command (SPI last transition) to 90% of ~
final OUT7 value)
Rise propagation delay time driver
for OUT7 Low Rpson mode (Delay _
tPD_OUT7_LO | petween High-side ON command (SPI S\L/gé—jgi\?NR—lg"a%ZE G‘Q“O' 19 us
—ON last transition) to 10% of final OUT7 n
value)
Fall propagation delay time driver for
OUT7 Low RDSON mode _
tPD_OUT7_LO | (Delay between High-side OFF 8\5’;;;'?228”@2"3%25 G‘Q“" 19 us
—OFF command (SPI last transition) to 90% of =
final OUT7 value)
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6.5 Electrical Characteristics (continued)

5V £ Vpypp £ 35V, 3.1V £ Vpypp £ 5.5V, -40°C < T; < 150°C (unless otherwise noted). Typical limits apply forVpypp = 13.5V,
VDVDD =5V and TJ =25°C.

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT

Rising propagation delay time driver for
high-side drivers OUT8 — OUT12

trp Hs on | (Delay between High-side ON command |PVDD=13.5V, Rload = 64Q 4 us
o (SP!I last transition) to 10% of final OUTx
value)

Falling propagation delay time driver for
high-side drivers OUT8 — OUT12

trp Hs oFr | (Delay between High-side OFF PVDD=13.5V, Rload = 64 Q 4 us
T command (SPI last transition) to 90% of
final OUTx value)

fPwmx(00) PWM switching frequency PWM_OUTX_FREQ = 00b 78 108 138 Hz

fPwmxo1) PWM switching frequency PWM_OUTX_FREQ = 01b 157 217 277 Hz

fPWMX(‘]O) PWM SWItChIng frequency PWM_OUTX_FREQ =10b 229 289 359 Hz

fowmx(11) PWM switching frequency PWM_OUTX_FREQ = 11b 374 434 494 Hz
Switched-off output current high-side .

lleax i | drivers of OUT7-12 Vout = 0V; standby mode ~10 WA

HIGH-SIDE DRIVER PROTECTION CIRCUITS
Overcurrent threshold in high RDSON

OUT7_RDSON_MODE = 0b 500 1000 mA
| mode
oc7 -

Overcurrent threshold in low RDSON | o 17_RDSON_MODE = 1 1500 3000] mA
locss loces OUTX_OC_TH =0b 250 500 mA
loc1os Overcurrent threshold OUT8 - OUT12 ~
loc11,loct2 OUTX_OC_TH=1b 500 1000 mA

OUT7_RDSON_MODE = 0b,
OUT7_CCM_EN = 1b, OUT7_CCM_TO 180 250 330 mA
| Constant current level for high-side =0b
COM_OUTZ I driver OUT7 High Rpson OUT7_RDSON_MODE = 0b,
OUT7_CCM_EN = 1b, OUT7_CCM_TO 240 330 420 mA
=1b

Constant current level for high-side OUT7_RDSON_MODE = 1b,
lcem_out? driver OUT7 Low Rpson Sgg’?_CCM_EN =1b, OUT7_CCM_TO 210 360 530 mA

Constant current level for high-side OUT7_RDSON_MODE = 1b,
lcem_out? driver OUT7 Low Rpson SL1JJ7_CCM_EN =1b, OUT7_CCM_TO 250 450 650 mA

. . 9UTX_CCM_EN =1b, OUTX_CCM_TO 240 350 450 mA
loem Constant current level for high-side =0b

drivers OUT8-12 -

Sﬁl;’x_CCM_EN 1b, OUTX_CCM_TO 320 450 580 mA
tcemto Constant current mode time expiration OUTX_CCM_EN =1b 8 10 12 ms

Short-circuit detection Voltage on
Vsc_per OUT7-12 2 v

Blank time for short-circuit detection,
tsc_BLk ITRIP regulation and overcurrent 40 us
protection in OUT7-12

OUT7_ITRIP_DG = 00b , PVDD < 20V 39 48 59 us
t Degltich time for short circuit detection , OUT7_ITRIP_DG = 01b, PVDD < 20V 82 40 48 HS
_HS_DG_OUT ||TRIP regulation and overcurrent OUT7_ITRIP_DG = 10b , PVDD < 20V 26 32 38| s
7 . .
protection in OUT7 OUT7_ITRIP_DG = 11b , PVDD < 20V 19 24 29| ps
PVDD > 20V 8 10 13 us
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6.5 Electrical Characteristics (continued)

5V £ Vpypp £ 35V, 3.1V £ Vpypp £ 5.5V, -40°C < T; < 150°C (unless otherwise noted). Typical limits apply forVpypp = 13.5V,
VDVDD =5V and TJ =25°C.

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
OUT7_ITRIP_FREQ = 00b 1.7 kHz
firrip_ts_ou | ITRIP frequency for high-side driver OUT7_ITRIP_FREQ = 01b 22 kHz
7 ouT7 OUT7_ITRIP_FREQ = 10b 3 kHz
OUT7_ITRIP_FREQ = 11b 4.4 kHz
OUTX_ITRIP_DG = 00b , PVDD < 20V 39 48 59 us
t Degltich time for short-circuit detection , OUTX_ITRIP_DG = 01b , PVDD < 20V 82 40 48 Hs
_HS_DG_OUT | |ITR|P regulation and overcurrent OUTX_ITRIP_DG = 10b , PVDD < 20V 26 32 38| s
N A
protection in OUT8-12 OUTX_ITRIP_DG = 11b , PVDD < 20V 19 24 29| s
PVDD > 20V 8 10 13 us
HS_OUT_ITRIP_FREQ=00b 1.7 kHz
firrip_ns_ou | ITRIP frequency for high-side driver HS_OUT_ITRIP_FREQ=01b 22 kHz
> ouT8-12 HS_OUT_ITRIP_FREQ=10b 3 kHz
HS_OUT_ITRIP_FREQ=11b 44 kHz
| Open-load threshold for OUT7 OUT7_RDSON_MODE = 1b 15 30 mA
o7 Open-load threshold for OUT7 OUT7_RDSON_MODE = Ob 5 10| mA
loLps: loLpg, OUTX_OLA_TH =0b 1.3 3.3 mA
loLp1o, Open-load threshold for OUT8 - OUT12
loLp11, loLp1 OUTX_OLA_TH =1b 4 12 mA
2
Filter time of open-load signal for high-  |Duration of open-load condition to set
toLp_ns side drivers the status bit 200 2501 ps
AproPI7 H Curren_t scaling factor for OUT7 in high OUT7 RDSON_MODE = 0b 250 A/A
- on-resistance mode
Current scaling factor for OUT7 in low _
AlPROPI7_LO on-resistance mode OUT7_RDSON_MODE = 1b 750 A/A
AipRoPIS:
AlpROPI9:
AlPROPI10, Current scaling factor for OUT8-12 250 A/A
AlPROPI11,
AlPROPI12:
lacc_7_Hi_Rp |Current sense output accuracy for OUT7 ) o
Son in high RDSON mode 0.1A <louyr7 < 0.5A 18 1B %
lacc_7_Hi_RD |Current sense output accuracy for OUT7 _ o
e in high RDSON mode lour7 = 0.25A -10 10 o
lacc_7_Hi_RD |Current sense output accuracy for OUT7 _ ) o
SON in high RDSON mode lout7 = 0.5A 9 9 o
lacc_7_Low_ |Current sense output accuracy for OUT7 _ o
RDSON in low RDSON mode 0.5A < lpyt7 < 1.5A 14 14 %
lacc_7 Low_ |Current sense output accuracy for OUT7 | 1A 8 8 Y
RDSON in low RDSON mode out7 °
Iacc_7 Low_ |Current sense output accuracy for OUT7 _ ) o
RDSON in low RDSON mode loyr7 = 1.5A 6 6 v
Current sense output accuracy for low
Iacc_s-12_L0 current OUT8-12 P 4 0.05A < loyts-12< 0.1A -28 28 %
Current sense output accuracy for low
lacc_8-12_10 | srrent OUTS-12 P y louTs-12 < 0.075A -20 200 %
Current sense output accuracy for low
lacc_8-12_10 | surrent OUTS-12 P 4 louTs-12< 0.1A -18 18 %
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6.5 Electrical Characteristics (continued)

5V £ Vpypp £ 35V, 3.1V £ Vpypp £ 5.5V, -40°C < T; < 150°C (unless otherwise noted). Typical limits apply forVpypp = 13.5V,

VDVDD =5V and TJ =25°C.

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Current sense output accuracy for high o
lacc_8-12_HI | current OUTS-12 0.1A <loyTs-12 < 0.5A -18 18 %
Current sense output accuracy for high
IACC 812 H | gurramt QUTBAD VIO iourera = 0.25A -10 10/ %
Current sense output accuracy for high
lacc_8-12_HI | current OUTS-12 P Y I loyrs.12 = 0.5A -6 6 %
OUT7-12 goes high to IPROPI ready,
o only applicable when monitoring High- 60 us
tirropi_BLk | IPROPI blanking time side driver current
IPROPI mux switching to IPROPI ready 5 us
PROTECTION CIRCUITS
VPVDD rising 4.425 4.725 V
VpvbD UV PVDD undervoltage threshold -

- Vpvop falling 4.225 4.525 4.8 \
Vevop_ v H |pypp undervoltage hysteresis Rising to falling threshold 250 mv
Ys
tpvop_uv_pc | PVDD undervoltage deglitch time 8 10 12.75 us

Vpvpp rising, PYDD_OV_LVL = 0b 20 21 22 \Y
Vpypp falling, PVDD_OV_LVL = 0b 19 20 21 \
Vpvpp ov | PVDD overvoltage threshold —
- Vpypp rising, PVDD_OV_LVL = 1b 25.75 26.8 28 \
Vpypp falling, PVDD_OV_LVL = 1b 24.75 25.8 27 \
Vevop_ov_H PVDD overvoltage hysteresis Rising to falling threshold 1 V
YS
PVDD_OV_DG = 00b 0.75 1 1.5 us
) PVDD tage dealitch i PVDD_OV_DG =01b 1.5 2 25 us
overvoltage deglitch time
FVDD_OV_DG 9¢ eq PVDD_OV_DG = 10b 3.25 4 475 s
PVDD_OV_DG = 11b 7 8 9 us
v DVDD v POR threshold DVDD falling 2.5 27 29 \
su resho
bVbD_POR PRl DVDD rising 26 28 3 v
Vovop_PoR_ | pypp POR hysteresis Rising to falling threshold 100 mvV
HYS
{ovDD_POR_D | py/pp POR deglitch time 5 12 25| us
G
WD_WIN = 0b 34 4 4.6 ms
Watchdog window min
) WD_WIN = 1b 8.5 10 11.5 ms
WD WD_WIN = 0b 10.5 12 135 ms
Watchdog window max
WD_WIN = 1b 85 100 115 ms
Aprorl pvp |IPROPI PVDD Voltage Sense Output IPROPI_SEL = 10000b (5V-22V sense
— - 9 1 13| V/ImA
D_vouT Scaling Factor (Vpypp / liprorr ) range)
AlpROPI_PVD IPRQPI PVDD Voltage Sense Output IPROPI_SEL =101010b (20V - 32V 135 16.5 195 V/mA
D_VOUT Scaling Factor (Vpypp / liprop! ) sense range)
VIPROPLTEM | |pROP] Temperature Sense Output -20 +20| °C
P_voUT
Totw1 Low Thermal warning temperature T, rising 110 125 140 °C
Totw2 High Thermal warning temperature T, rising 130 145 160 °C
Thys Thermal warning hysteresis 20 °C
ToTsp Thermal shutdown temperature T, rising 160 175 190 °C
Thys Thermal shutdown hysteresis 20 °C
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6.5 Electrical Characteristics (continued)
5V £ Vpypp £ 35V, 3.1V £ Vpypp £ 5.5V, -40°C < T; < 150°C (unless otherwise noted). Typical limits apply forVpypp = 13.5V,

Vpvpp = 5V and T;=25°C.

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
totsp_pe ‘Thermal shutdown deglitch time 10 us
6.6 Timing Requirements

MIN NOM MAX| UNIT
fspi SPI supported clock frequency (1) (2) 5 MHz
treapy_spi | SPI ready after power up 1 ms
tok SCLK minimum period 200 ns
toLKH SCLK minimum high time 100 ns
tokL SCLK minimum low time 100 ns
thi_nscs nSCS minimum high time 300 ns
tsu_nscs nSCS input setup time 25 ns
tH_nscs nSCS input hold time 25 ns
tsu_soi SDI input data setup time 25 ns
t_soI SDI input data hold time 25 ns
to_spo SDO output data delay time, C, = 20 pF (1) 60 ns
tEN_nscs Enable delay time, nSCS low to SDO active 50 ns
tois_nscs Disable delay time, nSCS high to SDO Hi-Z 50 ns

(1)
@)

SDO delay times are valid only with SDO external load (C, ) of 20 pF. Increasing load on SDO add an additional delay on SDO limiting

the SCLK maximum.
Refer to SPI Timing diagram for parameters.
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6.7 Typical Characteristics
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Figure 6-1. Half-bridge High-side Rising Propagation Delay vs
Temperature by Slew Rate (SR)
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Figure 6-2. Half-bridge High-side Falling Propagation Delay vs
Temperature by Slew Rate (SR)
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Figure 6-3. Half-bridge Low-side Rising Propagation Delay vs
Temperature by Slew Rate (SR)
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7 Detailed Description
7.1 Overview

The DRV8000-Q1 device integrates multiple types of drivers intended for multiple functions: driving and
diagnosing motor (inductive), resistive and capacitive loads. The devices features two half-bridge gate drivers,
6 integrated half-bridges, 6 integrated high-side drivers, one high-side external MOSFET gate driver for heater,
one high-side gate driver for electrochromic charge and one integrated low-side driver for electrochromic load
discharge. Each driver features current sensing, protection and diagnostics along with system protection and
diagnostics, which increases system integration and reduces total system size and cost.

The device half-bridge external MOSFET gate driver architecture automatically manages dead time to prevent
shoot-through, controls slew rate to decrease electromagnetic interference (EMI), and configurable propagation
delay for optimized performance. These gate drivers support input modes for independent half-bridge or H-
bridge control. Two PWM inputs can be configured as polarity and drive control. The external MOSFET gate
driver protection circuits include charge pump monitoring, short-circuit protection (Vpg fault monitoring) and open
load detection (Vgg fault monitoring).

The half-bridge drivers can be controlled through SPI register or PWM pins PWM1 and IPROPI/PWM2. The
half-bridges have configurable current chopping scheme called ITRIP. Protection circuits include short-circuit
protection, active and passive open load detection.

The high-side drivers can be controlled through SPI register, external PWM pin (PWM1), or with a dedicated
PWM generator which enables load regulation during operation. All High-side drivers also have optional constant
current mode, ITRIP regulation for LED or lamp module loads. One high-side driver is configurable to drive either
a lamp or LED load. Protection circuits include short-circuit protection and open load detection.

The device also has an external MOSFET drivers for resistive heating element. The heater MOSFET driver can
be controlled with SPI register or with PWM pin (PWM1) and feature both short-circuit and open load detection.

There is also an electrochromic (EC) mirror driver. The EC driver is controlled only through SPI register. For
EC drive, the driver control loop regulates the EC voltage to a 6-bit target voltage. To discharge the EC
element or change target voltage, there is an integrated low-side MOSFET to discharge the EC element in
either two discharge modes, a PWM discharge and fast discharge options. The EC driver protection includes LS
overcurrent and open load detection.

IPROPI (IPROPI/PWM2) pin is a multi-purpose output pin or input PWM pin (PWM) that can provide proportional
current sense from any integrated driver with current sense. IPROPI can be also configured to output PVDD
motor supply monitor, internal temperature cluster monitor, or can be configured as a second PWM input option
for integrated half-bridges.

28 Submit Document Feedback Copyright © 2026 Texas Instruments Incorporated
Product Folder Links: DRV8000-Q1


https://www.ti.com/product/DRV8000-Q1
https://www.ti.com/lit/pdf/SLVSH22
https://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLVSH22B&partnum=DRV8000-Q1
https://www.ti.com/product/drv8000-q1?qgpn=drv8000-q1

13 TEXAS
INSTRUMENTS DRV8000-Q1

www.ti.com SLVSH22B — MAY 2024 — REVISED JANUARY 2026

7.2 Functional Block Diagram

|
Vevop  Vep
GHx
PVDD Power Supplies Monitoring —» HS -[]
VCP Vevoo d
Monitor — SHx
Ver
Ve
CP1H ! GL
Tripler Monitor s X
CPIL Charge |
Pump 41
-
chaH 1 Gate Driver Llst
CP2L
————»Ver Vovop
DVDD
——— Voo < [ ]sp
DGND Vovop < L_ISN
Reflk [» Blank » ]so
Vovop
T
DRVOFF %‘%‘r‘:' Shunt Amplifier
nSLEEP % > —é—_€7
GD_IN1 % Control . OuUT11.54 Q
Inputs PreDriver Power Stage
GD_IN2 - Stage Vevop OUT21.54 Q
B é v lourx
PWM1 . r OUT3 440 mQ
Vovobp OUT5 155 ma
nSCS OUT6 185 mQ
SCLK - PGND
S I SPI OUT7 040120
S > HS Driver
SDO P hi
|«
PWM Generator OUTS..12 120
Half-bridges PWM2 HS Driver [~ 1
Control Input
GH_HS
IPROPI/PWM2 _[:l >
Current Monitor HS External
I: — lourx,Vevoo, Tzone MOSFET
MUX Gate Dri SH_HS
2 ate Driver ! _
_[:l ECDRV
Electrochromic
Glass Driver EcFB

7.3 External Components

Table 7-1 lists the recommended external components for the device. Refer to Section 9.2 for example of
component placement.
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Table 7-1. Recommended External Components

COMPONENT PIN 1 PIN 2 RECOMMENDED
CpvDD1 PVDD GND 0.1uF, low ESR ceramic capacitor, PVDD-rated.
Covbpa PVDD GND Local bulk capacitangs/l:g)rg_ar;et;gf.\an or equal to 10uF,
CbovpD DVDD GND 1uF 6.3V, low ESR ceramic capacitor
Cvcp VCP PVDD 1uF 16V, low ESR ceramic capacitor
CrLy1 CP1H CP1L 0.1uF 100V, low ESR ceramic capacitor
CrLy2 CP2H CP2L 0.1uF 100V, low ESR ceramic capacitor
RipropI IPROPI GND Typically up to 2.35kQ 0.063W resistor with 1% tolerance,
depending on the controller supply voltage rail.
Ret RipropI Crut Optional resistor part of RC filter depending on the
controller input.
Cewt Ret GND Optional low ESR ceramic capacitor part of RC filter
depending on controller input.
Recprv ECDRV GND Typically 220Q) series resistance between ECDRYV pin and

gate of external MOSFET to stabilize control loop (only for
ESD purposes).
Recpry is placed close to gate of external MOSFET after
Cecprv-

Cecbrv ECDRV GND 4.7nF, low ESR ceramic capacitor. Cecpry is placed on the
ECDRYV pin side of the series resistor Rgcpry-

Note
Voltage rating for this capacitor is based on
short to battery assumptions for ECFB.

Cecrs ECFB GND 220nF, low ESR ceramic capacitor

Note
Voltage rating for this capacitor is based on
short to battery assumptions for ECFB.

Cso1 SO GND 100nF 16V, low ESR ceramic capacitor.
Part of Shunt Amplifier output filter.
Cso2 SO GND 0.01pF 16V, low ESR ceramic capacitor.
Part of Shunt Amplifier output filter.
Rso Cso1 Csoz Typically 0Q, part of Shunt Amplifier output filter.
ReH_Hs GH_HS | MOSFET Optional 0Q, can be used for Heater slew rate control.
Gate
RsH_Hs SH_HS | MOSFET Optional 0Q, can be used for Heater short to battery
Source assumptions.
Note

External diode with appropriate current rating
recommended in case of inductive shorts.
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7.4 Feature Description
The table below provides links to all feature descriptions of key blocks of the device.

Table 7-2. Table of Device Features by Section
Device Block

Heater MOSFET Driver

Electrochromic Glass Driver

High-side Drivers

Half-bridge Drivers

Gate Drivers
IPROPI

Protection Circuits

Thermal Clusters
Fault Table
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7.4.1 Heater MOSFET Driver
Table 7-3. Heater Driver Section Table of Contents

Heater Section Link to Section
Back to Top of Feature Section Section 7.4
Heater Driver Control Section 7.4.1.1
Heater Driver Protection Section 7.4.1.2

This is an external high-side MOSFET gate driver that can be used for driving resistive heating elements. The
driver is controlled through SPI or PWM, and has programmable active short detection and off-state open-load

detection.
7.4.1.1 Heater MOSFET Driver Control

The heater MOSFET driver control mode is configured with HEAT _CNFG bits in register
HS HEAT_OUT_CNFG. The heater configuration bits enable or disable control of the heater output, and
configures the control source. For the heater driver, the control sources are SPI register control and PWM
pin control.

When in SPI register control mode (HEAT_CNFG = 01b), the heater MOSFET gate drive is enabled and
disabled by setting bit HEAT _EN in the register HS_EC_HEAT CTRL.

When in PWM control mode (HEAT_CNFG = 10b), the gate driver is controlled with an external PWM signal on
pin PWM1. If the heater driver is in PWM control mode, then HEAT_EN is ignored.

The table below summarizes the heater driver configuration and control options:

Table 7-4. Heater Configuration

HEAT_CNFG bits Configuration Description

00b Disabled Heater control disabled

01b SPI register control Heater SPI control enabled
10b PWM?1 control Heater control by PWM1 pin
11b Reserved Reserved

Below is the block diagram for the heater driver block:

PVDD
Vep
| —
4 GH_HS t
SH_HS
L
Digital Core [P
F
Overcurrent lov_ne ]
Detection e g
=
o
= Q
Q.
Open Load
Detection *
_ VoL_HeaT
Figure 7-1. Heater MOSFET Driver Block Diagram
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The timing waveform below shows the expected timing for the heater driver:

tpor_GH_Hs teor_aH_Hs

50%

Vascs pwm

80% _ _

VGS(GHiHS)

20%

Figure 7-2. Heater Timing Diagram

7.4.1.2 Heater MOSFET Driver Protection
The heater driver has an active short-circuit detection and an off-state open-load detection.
7.4.1.2.1 Heater SH_HS Internal Diode

Only a limited amount of energy (<1mJ) can be dissipated by the internal ESD diodes on SH_HS pin. TI
recommends adding an external diode from ground to SH_HS pin in case of a load short condition. During a
heater load short condition, the current is limited only by the saturation current of the external heater MOSFET. If
the heater output is configured to shut off due to short-circuit detection, this same current dissipates through the
internal ESD diode from ground to SH_HS, which is larger than the what the internal ESD diode can dissipate.

7.4.1.2.2 Heater MOSFET Vps Overcurrent Protection (HEAT_VDS)

If the voltage across the heater driver Vpg overcurrent comparator exceeds the Vps (vi_neat for longer than the
tos_HeaT pc time, a heater overcurrent condition is detected. The voltage threshold and deglitch time can be
adjusted through the HEAT_CNFG register settings.

Table 7-5. Heater VDS Levels

HEAT_VDS_LVL VDS Voltage Level
0000b 0.06V

0001b 0.08Vv

0010b 0.10Vv

0011b 0.12v

0100b 0.14V

0101b 0.16V

0110b 0.18V

0111b 0.2V

1000b 0.24Vv

1001b 0.28Vv

1010b 0.32v

1011b 0.36V

1100b 0.4V

1101b 0.44V
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Table 7-5. Heater VDS Levels (continued)

HEAT_VDS_LVL VDS Voltage Level
1110b 0.56V
1111b 1V

Table 7-6. Heater VDS Deglitch Times

HEAT_VDS_DG Time
00b 1us
01b 2us
10b 4pus
11b 8us

There is also a heater MOSFET Vpg monitor blanking period that is configured in bit HEAT _VDS_BLK in register
HEAT_CNFG. There are four blanking time options:

Table 7-7. Heater VDS Blanking Times

HEAT_VDS_BLK Time
00b 4us
01b 8us
10b 16us
11b 32us

The heater overcurrent monitor can respond and recover in four different modes set through the

HEAT _VDS_ MODE register setting.

» Latched Fault Mode: After detecting the overcurrent event, the gate driver pulldown is enabled, HEAT VDS
and EC_HEAT bits are asserted. After the overcurrent event is removed, the fault state remains latched until
CLR _FLT is issued.

» Cycle by Cycle Mode: After detecting the overcurrent event, the gate driver pulldown is enabled and
HEAT VDS, EC_HEAT and FAULT bits are asserted. EC_HEAT and FAULT status bit in register IC_STAT1
remains asserted until driver control input changes (SPI or PWM). To clear HEAT_VDS bit, a CLR_FLT
command must be sent after an input change. If CLR_FLT is issued before an input change, all the status
bits remain asserted and driver pulldown stays enabled.

* Warning Report Only Mode: The heater overcurrent event is reported in the WARN and HEAT VDS bits.
The device takes no action. The warning remains latched until CLR_FLT is issued.

* Disabled Mode: The heater Vpg overcurrent monitors are disabled and do not respond or report.

7.4.1.2.3 Heater MOSFET Open Load Detection

Off-state open-load monitoring is done by comparing the voltage difference SH_HS node when pulled up by
current source against open-load threshold voltage Vo, neat. If SH_HS voltage exceeds the open-load threshold
VoL nHear for longer than filter time to, pear, the open-load bit HEAT _OL is set. Open-load monitor is controlled
by bit HEAT_OLP_EN. -

Note
The heater open load diagnostics only works when the heater configuration is disabled, where bits
HEAT_CNFG must be 00b.
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7.4.2 High-Side Drivers

Table 7-8. High-Side Driver Section Table of Contents

Half-Bridge Section

Link to Section

Back to Top of Feature Section

Section 7.4

High-side Driver Control

Section 7.4.2.1

High-side Driver Regulation

Section 7.4.2.1.3

High-side Driver Protection

Section 7.4.2.2

The device integrates 6 high-side drivers, OUT7 - OUT12, that can be programmed to drive several load types.
Each high-side driver has selectable high or low overcurrent protection and open-load current thresholds. OUT7
can be configured to drive lamps, bulbs, or LEDs. All high-side drivers also have a fixed-time constant current
mode intended for driving high capacitance LED modules.

Every high-side driver has open-load detection, overcurrent protection and short-circuit protection . OUT7 in both
low Rpson and high Rpsony mode has an optional ITRIP regulation for lamp or bulb loads. OUT8 - OUT12
also have optional ITRIP regulation which is activated if the respective overcurrent threshold (high or low) is
exceeded. This feature can be used for driving larger LED modules or other load types with OUT8 - OUT12. If
the electrochromic driver is used, OUT11 can be used to provide protected battery voltage for the EC element.

Below is a block diagram of the high-side drivers:

Table 7-9 summarizes all the device high-side drivers with the corresponding feature sets:

PVDD
[

L OUTx

L‘_:OUTX locp
AN
\V Y

A A

1yl

Digital Core

[ 1
L

dwey/a37

Figure 7-3. High-Side Driver Block Diagram

Table 7-9. High-Side Drivers and Features

High-Side Driver |RDSON (Q) OL Detect Overcurrent/ ITRIP CCM Used for EC
Short-circuit Supply
Protection

ouT7 0.4/1.2 Yes Yes Yes Yes No

ouT8 1.2 Yes Yes Yes Yes No

ouT9 1.2 Yes Yes Yes Yes No

OuT10 1.2 Yes Yes Yes Yes No

OouTM 1.2 Yes Yes Yes Yes Yes

ouT12 1.2 Yes Yes Yes Yes No
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7.4.2.1 High-side Driver Control

The high-side drivers can be configured for control by SPI register, an internally generated PWM signal from
10-bit PWM generator or an external PWM signal from PWM1 pin. This configuration is done by setting
OUTx_CNFG (OUT7-0UT12) bits in register HS_HEAT_OUT_CNFG.

In SPI register control mode, (OUTx_CNFG = 01b), the high-side output follows the enable bits for each output
in HS_EC_HEAT_CNFG (ON/OFF).

The table below summarizes the high-side driver configuration options:

Table 7-10. High-side Driver Configuration

OUTx_CNFG bits Configuration Description

00 OFF High-side driver control disabled

01 SPI register control High-side driver SPI control enabled

10 PWM1 pin control High-side driver control by PWM1 pin

11 PWM Generator High-side driver control with dedicated internal
PWM generator

7.4.2.1.1 High-side Driver PWM Generator

Each high-side driver has a dedicated PWM generator with 10-bit duty cycle resolution. The frequency and duty
of each PWM generator can be controlled independently.

When configuring the high-side driver duty cycle a value up to 1022 (99.8%) can be selected.
Required Register Configuration Sequence:

1. Configure the high-side driver PWM frequency value in register HS_ PWM_FREQ_CNFG
2. Set the duty cycle in register OUTx_DC with a value from 0 to 1022 (0% - 99.8% duty cycle)
3. Configure the driver mode of operation in register HS_HEAT_OUT_CNFG

The frequency of the PWM generator is controlled by bits PWM_OUTX_FREQ from register
HS_PWM_FREQ_CNFG as shown in the table below:

Table 7-11. PWM Frequency

PWM_OUTX_FREQ PWM Frequency (Hz)
00b 108
01b 217
10b 289
11b 434

7.4.2.1.2 Constant Current Mode

All high-side drivers have a timed Constant Current Mode feature (CCM), which can be used to provide a
constant current for a short duration to the desired output. This mode is enabled with bit OUTx CCM_EN in
register HS_REG_CNFG2. When enabled, the current from the high-side driver is limited to the configured limit
for a short duration of 10ms.

There are two current limit options for constant current mode. This is configured with bit OUTx CCM_EN in
register HS_ REG_CNFG2, summarized in the table below:

Table 7-12. Constant Current Mode Options

High-side Output OUTX_CCM_TO Current Limit (Iccm) Timeout (tccmto)
OUT7 (RDSON High) Ob 250mA 10ms
1b 330mA 10ms
OUT7 (RDSON Low) Ob 360mA 10ms
1b 450mA 10ms
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Table 7-12. Constant Current Mode Options (continued)

High-side Output OUTX_CCM_TO Current Limit (Iccm) Timeout (tccmto)
ouTs8-12 Ob 350mA 10ms
1b 450mA 10ms

This constant current mode feature is enabled only if the OUTx_ CCM_EN bit is configured prior to enabling
the configured output and when the output is in the disabled state. CCM automatically expires after expiration
time tceomto- After timeout, the driver remains enabled per bits OUTx_EN in register HS EC_HEAT _CTRL and
configured based on OUTx_CNFG bits in register HS HEAT OUT_CNFG.

Required Register Configuration Sequence:

1. Configure the high-side driver CCM mode in register HS REG_CNFG2
2. Configure the high-side driver operation in register HS HEAT _OUT_CNFG

Once CCM mode is set and the driver configuration is done, the CCM timer begins when the corresponding
OUTx_CNFG bits are set in register HS HEAT _OUT_CNFG.

Only SPI control or external PWM generator control (OUTx_CNFG = 01b or 10b) is supported after CCM timer
expires. Internal PWM generator control does not support CCM mode.

If constant current mode is configured after configuring the high-side driver, the CCM mode does not activate.
For OUTx_CCM_EN bit:

* [fOUTx_CCM_EN is cleared by the controller before constant current mode timeout, the driver follows the
command and is switched to the mode corresponding to OUTx_CNFG bits

» [fOUTx_CCM_EN is set after the driver has already been enabled, the OUTx_CCM_EN bit is ignored; in this
case OUTx_CCM_EN remains off

The short-circuit and overcurrent detection are active/enabled when the driver is ON, PWM driven, but NOT in
constant current mode. Open load detection is always active.

7.4.2.1.3 OUTx HS ITRIP Behavior

For all high-side drivers, a fixed frequency current regulation feature called HS ITRIP is available. This function
restarts the driver when an overcurrent condition occurs while driving certain loads. The overcurrent detection is
based on sensed load current. This feature is intended to be used to drive loads with large inrush currents that
exceed the overcurrent threshold of the driver, loads such as a lamp, bulb, or large LED module.

High side drivers can be configured to enable ITRIP regulation by setting the OUT7_ITRIP_EN in the
HS REG_CNFG1 register for OUT7 and the HS_OUTx_ITRIP_EN for OUT8-12 in HS_REG_CNFG3 register.
By default, ITRIP regulation is disabled for all High-side drivers. If ITRIP regulation is disabled and after the
blank time if the driver current exceeds overcurrent threshold (Igcy) for deglitch time, the output is disabled.

ITRIP regulation enabled:

When ITRIP regulation is enabled and after blank time if driver current exceeds overcurrent threshold locy
for deglitch time, the output turns OFF. the output automatically turns ON again after the end of ITRIP
cycle. Overcurrent thresholds (high or low) are configured by setting OUT7_RDSON_MODE bit for OUT7 and
OUTx_OC_TH bits for OUT8-12 in HS_OC_CNFG register.

Blank time for ITRIP regulation is 40us for all high-side driver outputs. Blank time starts when OUTx is enabled.
OUT7 has dedicated ITRIP frequency and deglitch time settings, configurable via bits OUT7_ITRIP_FREQ and
OUT7_ITRIP_DG in the HS_REG_CNFG1 register. For OUT8-12, ITRIP frequency and deglitch time settings
are shared, configurable via bits HS_OUT_ITRIP_FREQ and HS_OUT_ITRIP_DG in the HS_REG_CNFG3
register. For Vpypp < 20V, all deglitch options (24, 32, 40, and 48us) are available. For Vpypp > 20V the deglitch
time is automatically reduced to 10ps.
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When ITRIP regulation is enabled and if an overcurrent detection is detected, OUT7_ITRIP_STAT bit in
EC_HEAT _ITRIP_STAT register for OUT7 driver or OUTx_ITRIP_STAT bit in HS_ITRIP_STAT register for
OUT8-12 drivers is set and latched. The fault bit remains set until the CLR_FLT bit is asserted.

Table 7-13. High-Side ITRIP Frequency Option Summary

Frequency (firrip_ns) HS OUT_ITRIP_FREQ/OUT7_ITRIP_FREQ
1.7 kHz 00b
2.2 kHz 01b
3 kHz 10b
4.4 kHz 11b

Table 7-14. High-Side ITRIP Deglitch Option Summary

Deglitch Time (trrip_ns_pa) HS_OUT_ITRIP_DG/OUT7_ITRIP_DG
48 ps 00b
40 ps 01b
32 ys 10b
24 us 11b

The ITRIP deglitch timer starts when the OUTx ITRIP blank time expires. The minimum OUTx ITRIP ON time
is the sum of blanking and deglitch times, and total period is determined by the OUTx ITRIP frequency. The
diagram below shows the ITRIP behavior.

IOL‘J‘Tx Unlimited Inrush

/ Current

Current during OUTx
ITRIP mode

ths_out_imrip_DG,
tout7_itrIP_DG !
TREDE,

5C BLK |<_TOUT7_ITRIP_FREQ_’| t
Ths_ouT_ITRIP_FREQ

Figure 7-4. OUTx HS ITRIP Behavior with Incandescent Bulb

The blanking time tgc gk is 40us, after which the overcurrent condition can be detected. toyt7 TRIP DG
or tys out ITRIP Dg is the time OUTx remains on after overcurrent protection threshold is exceeded.
TOUT7 I_TRIP_FREQ_ or THS OUT ITRIP FREQ is the time period of the ITRIP |OOp, inverse of tOUT7 ITRIP FREQ OrF
tus ouT ITRIP FrReq- ITRIP faults for OUT7-12 are reported in bits OUT7_ITRIP_STAT and OUTx_ITRIP_STAT.
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7.4.2.1.4 High-side Drivers - Parallel Outputs

The high-side drivers OUT8 through OUT12 can be connected in parallel combinations to support even higher
current loads. For example, OUT8 and OUT9 can be connected in parallel as a 600mQ driver effectively, or
OUT9, OUT10, and OUT12 can be connected in parallel as a 400mQ driver effectively.

However, there are limitations with this mode of operation:

» Internal PWM control does not work for parallel high-side drivers and must not be configured for this mode of
operation.

» Constant current mode is not be possible and must be disabled.

* ITRIP regulation is not supported.

» Overcurrent protection, short-circuit protection and active open load detection is supported.

If operating in parallel, the high-side drivers must be configured for ON/OFF SPI register control or external
PWM signal control through pin.

7.4.2.2 High-side Driver Protection Circuits

7.4.2.2.1 High-side Drivers Internal Diode

Each high-side driver has an internal diode from ground to the high-side OUTx node for ESD protection. If either
of the following occurs, this diode can be subjected to high energy dissipation:

» Both a loss of ground connection and short to ground on a high-side output.

* There is an inductive load on the high-side output.

Only a limited amount of energy (<1mJ) can be dissipated by the internal ESD diodes during freewheeling. For
inductive loads greater than 100uH, a connection to an external freewheeling diode between PGND and the
corresponding output is required

7.4.2.2.2 High-side Driver Short-circuit Protection

Short-circuit protection monitors each high-side output (OUT7-12) using a 2V comparator on the OUTx node.
After the blank time If OUTx voltage does exceed the 2V short-circuit threshold for deglitch time, a short to
ground fault is detected and the output is disabled.

The 2V comparator blank time (tsc gk) is 40us for all high side driver outputs. Blank time starts when
OUTx is enabled. OUT7 has dedicated deglitch time settings, configurable via bits OUT7_ITRIP_DG
in the HS_REG_CNFG1 register. For OUT8-12 deglitch time settings are shared, configurable via bits
HS_OUT_ITRIP_DG in the HS_REG_CNFGS3 register. For Vpypp < 20V, all deglitch options (24, 32, 40, and
48us) are available. For Vpypp > 20V the deglitch time is automatically reduced to 10ps.

Upon short-circuit detection, the corresponding OUTx_OCP fault status bit in the HS_STAT register is latched
and the corresponding output is shutoff. The fault bit remains set until the CLR_FLT bit is asserted. The diagram
below shows the short circuit behavior for high-side drivers:
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Figure 7-5. High-side Drivers Short-circuit Protection

7.4.2.2.3 High-side Driver Overcurrent Protection

Overcurrent protection is available when ITRIP regulation is disabled. The output current for all drivers (OUT7-
OUT12) is monitored, and after the blank time if current exceed the overcurrent threshold after for deglitch time,
the output is disabled.

Disable ITRIP for OUT7 by configuring OUT7_ITRIP_EN = 0Ob in HS_REG_CNFG1 and for OUT8-12 by
configuring HS_OUTx_ITRIP_EN = 0b in HS_REG_CNFG3 register. Overcurrent thresholds are configured
(high or low) by setting OUT7_RDSON_MODE bit for OUT7 and OUTx_OC_TH bits for OUT8-12 in
HS_OC_CNFG register.

Blank time for overcurrent protection is 40ups for all high-side driver outputs. Blank time starts when
OUTx is enabled. OUT7 has dedicated deglitch time settings, configurable via bits OUT7_ITRIP_DG
in the HS_REG_CNFG1 register. For OUT8-12 deglitch time settings are shared, configurable via bits
HS_OUT_ITRIP_DG in the HS_REG_CNFG3 register. For Vpypp < 20V, all deglitch options (24, 32, 40,
and 48ps) are available. For Vpypp > 20V the deglitch time is automatically reduced to 10us. When
overcurrent detection is detected, OUT7_ITRIP_STAT bit in EC_HEAT_ITRIP_STAT register for OUT7 driver
or OUTx_ITRIP_STAT bit in HS_ITRIP_STAT register for OUT8-12 drivers is latched and the corresponding
output is shutoff. The fault bit remains set until the CLR_FLT bit is asserted.

7.4.2.2.4 High-side Driver Open Load Detection

The high-side drivers have open-load detection. Similar to the half-bridge drivers OLA detection scheme of the
DRV800x-Q1, the high-side drivers open-load detection scheme sequences through each driver checking if the
load current is below the open-load current threshold. The open-load current threshold Ig py is configurable
between high and low-current thresholds with bits OUTx_OLA_TH in register HS_OL_CNFG for OUT8-12. The
thresholds are automatically adjusted only for high-side driver OUT7 based on OUT7_RDSON_MODE.

Open-load detection must be enabled with bit OUTx_OLA_EN in register HS_OL_CNFG for OUT7-12 high-side
drivers.

If the load current loytx is below the open-load threshold (lo.p Hs) for t > top Hs, then the corresponding
high-side open load status bit OUTx_OLA is set in the status register. The driver detected with open-load is not
switched off.
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Figure 7-6. Open-Load Detection for High-side Drivers

The open-load detection test time for each high-side driver is 200us. The timer does not start until the output
is enabled. Once all enabled drivers have been cycled through, the detection cycle restarts. When the OLA bit
is flagged for an OUTX, the status is latched and the OUTx is excluded from the detection cycle. CLR_FLT is
required to restart the OLA check for the OUTx.

The high-side driver must be ON for minimum 200us for the OLA detection to complete. Otherwise, the device
waits until the next PWM cycle. The OFF counter for the OLA detection starts when the high-side driver turns
OFF and ends OLA detection if the driver is detected OFF for more than 10ms.
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7.4.3 Electrochromic Glass Driver
Table 7-15. EC Driver Section Table of Contents

EC Driver Section Link to Section
Back to Top of Feature Section Section 7.4

EC Driver Control Section 7.4.3.1
EC Driver Protection Section 7.4.3.2

The device features an integrated electrochromic driver block that can be used to charge or discharge an
electrochromic element of a mirror. The electrochromic driver block charges an external MOSFET to control the
charging and discharge voltage of the element. The driver configuration operates with either high-side driver
OUT11 as protected supply to the element or without OUT11 (independent OUT11 control).

7.4.3.1 Electrochromic Driver Control

Below is the block diagram for the electrochromic driver:
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1
EC Control L]
PVDD

[4T,

6-bit
Digital Core DAC i . ECDRV Recorv |

—

< ECFB
+ * 1
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m
— 120 - ,8,
| ) "
| = g
3
(¢]

Figure 7-7. Electrochromic Driver Block Diagram - Default Configuration

Depending on the system implementation, the device electrochrome driver supports configuration where the
drain of electrochrome high-side charge MOSFET can be supplied from either high-side driver OUT11, or directly
from the supply voltage (PVDD). The EC control block can operate independently of the OUT11 or external
FET supply (PVDD), with independent protection circuits in either configuration. This can be useful if an extra
high-side driver is needed to drive another load. The main limitation in this configuration is that if the charge
MOSFET fails short, the connection to supply cannot be shut off as when OUT11 is used as EC supply. A short,
over voltage and open-load condition can still be detected when EC supplied with PVDD directly (OUT11 is

configured as independent).
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OUT11 for EC supply: This configuration is set in register HS_OC_CNFG, bit OUT11_EC_MODE. By default,
OUT11_EC_MODE = 1b, which is configured as the supply for EC drive as shown in the block diagram
Electrochromic Driver Block Diagram - Default Configuration. When in this configuration, bits OUT11_CNFG in
register HS_HEAT_OUT_CNFG are ignored (ON/OFF, SPI/PWM). Both OUT11 and the 1.2Q ECFB low-side
discharge MOSFET have overcurrent, over voltage and passive open load detection active during EC charge
and discharge states, respectfully.

PVDD for EC supply, independent OUT11:To use OUT11 as an independent high-side driver (independent of
EC control) to drive a separate load, where the drain of the EC charge MOSFET is connected directly to supply
voltage, set OUT11_EC_MODE = 0b in register HS_OC_CNFG.

Independent mode ITRIP regulation is valid for OUT11 when the pin is not used as EC. When OUT11 is in EC
mode, no current regulation is performed even if the regulation mode is configured.

As before, the ECFB low-side discharge MOSFET protection circuits are active during EC discharge state. The
diagram below shows this configuration:
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. ECDRV Recorv | &
- , [} I W H
EC Control T
ECFB
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| 120 T o
| 8
| 5]
S
3
3
o
Digital Core e PVDD
Open Load lowx
Detection
EC_OL_TH
L, Filter °
+
Over Voltage
Detection
ECFB_OV
L, Filter °
+

Figure 7-8. Electrochrome with direct PVDD supply (OUT11 independent)

To enable the EC driver: Set bits EC_ON and EC_V_TAR to the desired target voltage in register
HS_EC_HEAT_CTRL to enable the EC driver control loop. Once these bits are set, EC driver control loop
is enabled.
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For EC element voltage control: Once the EC driver is enabled, the feedback loop of the driver is activated,
and regulates ECFB pin voltage to the target voltage set in bits EC_V_TAR in register HS_EC_HEAT_CTRL.
The target voltage on ECFB pin is binary coded with a full-scale range of either 1.5V or 1.2V, depending if bit
ECFB_MAX in register EC_CNFG is set to 1 or 0, respectively. ECFB_MAX = 0b is the default value (1.2V).

Whenever a new value for the EC voltage is set, there is a blanking time tg k gcrg Of 250us for ECFB_HI or
ECFB_LO status indication of ECFB once the control loop begins regulation to the new target value.

The device provides two discharge modes: fast discharge and PWM discharge.

Fast discharge of the EC element: To fully discharge the EC element with fast discharge ECFB_LS PWM
must be set to Ob. The target output voltage EC_V_TAR must also be set to Ob, and bits ECFB_LS_EN, and
EC_ON must be set to 1b in EC_CNFG. When these four conditions are met, the voltage at pin ECFB is
discharged by pulling the internal 1.2Q low-side MOSFET on ECFB pin to ground.

1. Configure ECFB_LS PWM = 0b in register EC_CNFG
2. Setbits ECFB_LS EN =1b, EC_ON = 1b and EC_V_TAR = 0b in register HS_EC_HEAT_CTRL.
3. ECFB LS MOSFET is enabled and performs fast discharge of EC mirror.

PWM discharge of the EC element: The steps below outline the PWM discharge cycle of electrochrome driver:

1. Configure ECFB_LS PWM = 1b in register EC_CNFG

2. Setbits ECFB_LS _EN =1b, EC_ON = 1b in register HS_EC_HEAT_CTRL.

3. If the regulation loop detects VecpRry is less than Vegpg and Vecpry is less than 400mV for longer than
trecHARGE OF 3ms, the ECDRYV regulator is switched off and the LS MOSFET on ECFB is activated for
approximately 300ms (tp;scHarce)- During this discharge, the ECDRYV output is pulled low to prevent shoot-

thru currents.

4. Atthe end of the discharge pulse tpiscHarcE, the discharge MOSFET is switched off and the regulation loop
is activated again with the new lower value. The regulation loop goes back to step 2, and out of regulation is
again observed (Vecpry < 400mV or Vecpry < Veces)- If out of regulation condition is not met the loop goes
back to normal operation state.

The diagram below shows the PWM discharge cycle of the electrochrome driver:
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Figure 7-9. Electrochrome Discharge with PWM
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The status of the voltage control loop is reported through SPI, and Tl recommends to observe the report to
determine the EC charge and discharge control timing. If the voltage at pin ECFB is higher than the target value
by greater than 120mV, then bit ECFB_HI is set. If the voltage at pin ECFB is lower than the target value by
120mV , ECFB_LO is set. Both ECFB status bits ECFB_HI and ECFB_LO are valid if stable for at least the filter
time trr eceg- The bits are not latched, and are not designated as global faults.

Exit discharge mode: To exit discharge mode set EC_V_TAR to a non-zero value. There is no need to change
ECFB_LS_EN bit when a new target voltage is programmed, the control loop internal logic prevents both OUT11
and ECFB LS from being simultaneously on.

A capacitor of at least 4.7nF has to be added to pin ECDRYV, and 220nF capacitor between ECFB and ground to
increase control loop stability. For noise immunity reasons, Tl recommends to place the loop capacitors as close
as possible to the respective pins.

If the EC driver is not used, connect ECFB pin to ground.
7.4.3.2 Electrochromic Driver Protection

The electrochromic driver block has multiple protection and detection circuits for both charge and discharge
states. There are the comparator-based detection circuits, protection circuits of OUT11 which are active during
EC charge state (when configured with OUT11 as supply), and protection circuits on ECFB low-side discharge
MOSFET.

EC supplied by OUT11: When the electrochrome drive is configured to be supplied by integrated high-side
driver OUT11, the same protection and diagnostic functions as the other high-side drivers are available (e.g.
during an overcurrent detection, the control loop is switched off). These high-side driver protections are active
when the electrochrome is in the charge state (voltage ramp up). When in OUT11 EC mode (OUT11_EC_MODE
= 1b), OUT11 cannot be controlled in PWM mode and EC_CNFG is used to configure diagnostics. For
EC_OUT11_OCP_DG when Vpypp < 20V, deglitch options (6us, 10us, 15us, and 60us) are available. For Vpypp
> 20V the deglitch time is automatically reduced to 10ps.

Fault on OUT11 during EC charge: In case of an overtemperature shutdown fault (zone 3 or 4) or overcurrent
fault on OUT11 while EC_ON = 1b (EC control enabled):

« OUT1M is shut off (status register set)

« ECDRV pin is pulled to ground

« EC_ON remains '1'

« ECFB_LS_EN remains as programmed

To restart EC control after OUT11 failure, the controller must read and clear the corresponding fault. The driver
reverts to the previous value of EC_V_TAR when restart occurs.

If an open load is detected on OUT11 during EC charge, the OUT11_OLA bit in register HS_STAT is set.

Discharge overcurrent protection LS FET: During discharge of ECFB via low-side FET(LSFET), overcurrent
fault is detected if load current on ECFB pin exceeds the overcurrent threshold (loc gcrg)- Overcurrent fault
response is configurable with EC_FLT_MODE bit in register EC_CNFG.

EC_FLT_MODE = 0Ob:

If the current through EC LSFET crosses the OCP threshold (loc_gcrg) after deglitch time, LSFET is disabled.
The deglitch times for the EC LSFET depend on Vpypp- For Vpypp < 20V, the deglitch time is 40us. For Vpypp >
20V, the deglitch time is automatically reduced to 15ps.

EC_FLT_MODE = 1b:

If the current through EC LSFET after blank time crosses the OCP threshold (loc_gcrs) for deglitch time, the
driver enters overcurrent recovery mode (OCR), similar to ITRIP regulation of HS drivers OUT7-12. Deglitch time
and ITRIP frequency are taken from the OUT7 ITRIP settings.

If ECFB_QV bit is high due to short from ECFB to Vpypp, the driver is shutoff regardless of ECFB_OV_MODE.
The ECFB_OV deglitch time is 20us regardless of the ECFB_OV_DG configuration settings.
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Table 7-16. Discharge Overcurrent Protection

EC_FLT_MODE Fault Response
Ob Latch (Hi-Z)
1b Overcurrent Recovery (OUT7 ITRIP settings)

Discharge open load detection: While discharging the EC, open-load can also be detected. Bit EC_OLEN in
register EC_CNFG must be set. If the load current on ECFB is below lo|_gcrg (s for longer than tpg oL ecFs Ls:
then the open load status bit ECFB_OL is set, and WARN bit is set in register IC_STAT1.

Short to battery/OV detection:

ECFB overvoltage or short to battery is detected when ECFB voltage exceeds threshold Vecrg ov tH, for
longer than the deglitch time tecrg ov pg While EC_ON = 1. Bit ECFB_OV_MODE determines the driver ECFB
overvoltage fault response. The EC overvoltage deglitch time is configured with bit ECFB_OV_DG in register
EC_CNFG.

For over voltage fault response control, bit ECFB_OV_MODE can be configured in register EC_CNFG. If
ECFB_OV_MODE = 00b, then no action is taken during this fault. For ECFB_OV_MODE = 01b, when ECFB
voltage exceeds 3V for longer than programmed deglitch time tgcrg ov pg, then the ECFB_OV bit is set in
EC_HEAT_ITRIP_STAT register, and EC_HEAT fault bit is set in register IC_STAT1. For ECFB_OV_MODE =
10b, when OV on ECFB occurs, the ECDRYV pin is pulled down, and the ECFB LS FET is Hi-Z. Faults are
reported in the same registers as for when ECFB_OV_MODE = 01b.

The fault responses and bit values are summarized in the table below:

Table 7-17. Electrochrome Overvoltage Fault Response

ECFB_OV_MODE Fault Response
00b No action
01b Report fault in register
10b Pulldown ECDRV and ECFB LS FET, report fault in register
11b No action

Table 7-18. EC Overvoltage Deglitch Times
ECFB_OV_DG Deglitch Time

00b 20us
01b 50us
10b 100ps
11b 200us

Short-circuit or open-load detection: The EC diagnostics can be configured to report either a short-circuit
or an open load. This mode is selected by setting the ECFB_DIAG bits in the EC_CNFG register, with the
requirement that the EC_ON bit must be Ob.

Note
Short-circuit and open-load detection is available for EC supply with PVYDD and OUT11. When using
PVDD as a supply open load detection must pass (load connected) prior to running short-circuit
testing to ensure external FET is not damaged.

Table 7-19. ECFB Diagnostic Detection Options

ECFB_DIAG Detection Setting
00b Disabled
01b Short-circuit
10b Open Load
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Short-circuit detection: The short-circuit detection can detect a low-impedance condition across ECFB to GND.
The bits ECFB_SC_RSEL select the impedance under which a short-circuit is detected from 0.5Q to 3Q. The
voltage Vecrg sc TH IS compared to lgcrg s¢ * ECFB_SC_RSEL. The short-circuit detection below runs when
the EC amplifier is off, ECFB_DIAG = 01b, and EC_ON = 0b:

* Run lgcep sc current into the ECFB pin and wait an initial 3ms blanking time

+ Ifthe ECFB voltage is less than lgcrg sc * ECFB_SC_RSEL after enabling the short-circuit detection, register
a short-circuit (ECFB_SC) by setting ECFB_DIAG_STAT = 1b.

* The lgcrs_sc continues to run through ECFB pin as long as short-circuit detection is active.

Table 7-20. ECFB Diagnostic Detection Options

ECFB_SC_RSEL Impedance Threshold
00b 0.5Q
01b 1.0Q
10b 2.0Q
11b 3.0Q

Open-load detection: The passive open load detection is active when ECFB_DIAG = 10b, EC_ON = 0b, the EC
amplifier is off. An open load is detected when the output impedance is greater than 4kQ, resulting in an ECFB
voltage threshold of Iecrg oLp * 4kQ which is Vecrg oLp TH- The procedure for open load detection is:

* Run Igces oLp current into the ECFB pin and wait an initial 3ms blanking time

+ If the ECFB voltage detected is greater than Vecrg oLp Th, register an open-load condition (ECFB_OLP) by
setting ECFB_DIAG_STAT = 1b. o

* The lgcre_ovp continues to run through ECFB pin as long as open-load detection is active.
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7.4.4 Half-bridge Drivers
Table 7-21. Half-bridge Section Table of Contents

Half-bridge Section Link to Section

Back to Top of Feature Section Section 7.4

Half-bridge Control Section 7.4.4.1

Half-bridge Regulation Section 7.4.4.4

Half-bridge Protection Half-bridge Protection and Diagnostics

The device integrates six total half-bridge high-side and low-side FETs, supporting bidirectional drive for up
to five motors; two 1.54Q half-bridges, two 440mQ half-bridges, one 185mQ half-bridge, and one 155mQ
half-bridge. All of these drivers can be controlled with SPI register, PWM signal that can be sourced from the
PWM1 pin or IPROPI/PWM2 pin. Each driver also has configurable current regulation feature called ITRIP.
Half-bridge protection circuits include overcurrent protection, off-state and active open-load diagnostics.

The diagrams below show common configurations for the integrated half-bridges to support up to five mirror and
lock motors, and all mirror motors:

Vym

lour1 lout2 louts louta louts

ouT1
1540 mQ

ouT2 ouT3 ouT4 OouTs
1540 mQ 440 mQ 440 mQ 155 mQ

Mirror Fold | Safe Lock

MW

Figure 7-10. Half-bridge Configuration for up to Five Motors (Mirror and Lock)

The diagram below shows a configuration for mirror only loads:
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VPVDD

lout2 louts lours
ouT2 ouT3 OUT4
1540 mQ 440 mQ 420 mQ

) IOUTS

IOUT1

ouT1

ouTe
1540 mQ 185 mQ
Mirror
Telescope Mirror Fold

AME

Figure 7-11. Half-bridge Configuration for up to Four Motors (Mirrors only)
7.4.4.1 Half-bridge Control

The half-bridge drivers can be controlled in two modes to support control schemes with either PWM input
pins or SPI register control. The half-bridge drivers also have configuration registers (HB_OUT_CNFG1 and
HB_OUT_CNFG2) to enable half-bridge control and to set up control mode (PWM or SPI).

The half-bridges can be configured for control by input signal from either PWM1 or IPROPI/PWM2 pins. The
signal to PWM1 pin can be multiplexed internally to half-bridges, high-side drivers, and heater driver. IPROPI/
PWM2 control from PWM2 pin is only available for half-bridges. When IPROPI/PWMZ2 pin is configured for PWM

input, IPROPI sense output becomes unavailable. Each half-bridge driver slew rate can be configured in the
HB_SR_CNFG.

IPROPI/PWM2 is sense output by default. The configuration table is shown below. Note that OUT5 and OUT6
are configured in HB_OUT_CNFG1 and OUT1 through OUT4 are configured in HB_OUT_CNFG2:

Table 7-22. OUTX_CNFG Half-bridge Configuration

OUTX_CNFGJ[2] OUTX_CNFG[1] OUTX_CNFGJ0] OUTx HS ON LS ON
0 0 0 OFF OFF OFF
0 0 1 SPI Register Control OUTX_CTRL OUTX_CTRL
0 1 0 PWM 1 Approximately PWM1 PWM1
Complementary
Control
0 1 1 PWM 1 LS Control OFF PWM1
0 PWM 1 HS Control PWM1 OFF
1 0 1 PWM 2 ApproximatelylPROPI IPROPI/PWM2
Complementary /PWM2
Control
1 1 0 PWM 2 LS Control OFF IPROPI/PWM2
1 1 1 PWM 2 HS Control IPROPI/PWM2 OFF

When the half-bridges are configured for SPI register control (OUTx_CNFG = 01b), the half-bridges high- and
low-side MOSFETs can be individually controlled in register GD_HB_CTRL with bits OUTx_CTRL. The control
truth table for the half-bridge outputs is shown below:
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Table 7-23. Half-bridge Driver Controls

OUTx_CTRL (OUT1-6) bits Configuration Description
00 OFF Half-bridge control OFF
01 HS ON High-side MOSFET ON
10 LS ON Low-side MOSFET ON
11 RSVD Reserved.

The half-bridge control mode can be changed anytime SPI communication is available by writing to the bits. This
change is immediately reflected.

When the half-bridges are configured for PWM operation (OUTx_CNFG = 01xb, 10xb or 11xb), the inputs can
accept static or pulse-width modulated (PWM) voltage signals for either 100% or PWM drive modes.

The device automatically generates the dead-time needed during transitioning between the high-side and low-
side FET on the switching half-bridge. This timing is based on internal FET gate-source voltage. No external
timing is required. This scheme provides minimum dead time while preventing shoot-through current.

7.4.4.2 OUT1 and OUT2 High-side Driver Mode

OUT1 and OUT2 2 half bridges can be configured as high side drivers by setting the OUT1_MODE and
OUT2_MODE bits in the HB_OUT_CNFG2 register. When OUTx_MODE is set to 1b the corresponding output
operates in high-side mode.

In high side driver configuration, OUT1 and OUT2 outputs are controlled only by internal PWM generator. This
control is enabled by configuring OUT1_CNFG and OUT2_CNFG to xx1b. Setting these bits to xx0b disables the
outputs OUT1 and OUT2.

When configured in high-side mode, the PWM frequency for OUT1 and OUT2 can be programmed using
PWM_OUT1_FREQ and PWM_OUT2_FREQ bits in the HB_ITRIP_FREQ register. The bits OUT1_DC and
OUT2_DC configure the duty cycle control from internal PWM generator up to a value of 1022 (99.8% duty
cycle).

Table 7-24. OUT1 or OUT2 PWM Frequency in High-side Driver Mode

PWM_OUTx_FREQ PWM Frequency (Hz)
00b 108
01b 217
10b 289
11b 434

The same protections and diagnostic features as half-bridge mode apply to OUT1 and OUT2 in high-side mode.
7.4.4.3 Half-bridge Register Control
The half-bridges are disabled by default, once configured to operate in SPI register control mode any high-side

or low-side can be enabled by configuring the individual enable bits for high-side (HS_ON) and low-side
(LS_ON) in bits OUTx_CTRL in GD_HB_CTRL register.

An example can be used when connecting two half-bridges (OUT1/0UT2, OUT3/0UT4, OUT5/0OUT6) as half-
bridge X (OUTX) and half-bridge Y (OUTY). The high-side and low-side enable bits of a particular half-bridge are
configured to drive the motor in forward mode, reverse mode, brake mode and coast mode as shown below:

Table 7-25. Motor Operation (Motor Connected between OUTX and OUTY)

nSLEEP Half-Bridge X HS | Half-Bridge XLS | Half-Bridge Y HS | Half-Bridge Y LS OouUTX ouTY
0 X X X X A Z Sleep
1 0 0 0 0 Z z Coast
1 HS ON=1 LS_ ON=0 HS ON=0 LS_ ON=1 H L Forward
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Table 7-25. Motor Operation (Motor Connected between OUTX and OUTY) (continued)

nSLEEP | Half-Bridge X HS | Half-Bridge XLS | Half-Bridge Y HS | Half-Bridge Y LS OuUTX ouTY
1 HS_ON =0 LS_ON=1 HS_ON =1 LS_ON=0 L H Reverse
1 HS_ON=0 LS_ON=1 HS_ON=0 LS_ON=1 L L Brake (low-
side)
1 HS_ON =1 LS_ON=0 HS_ON =1 LS_ON=0 H H Brake (high-
side)

7.4.4.4 Half-Bridge ITRIP Regulation

The device half-bridges have optional fixed-frequency load current regulation called ITRIP. This is done by
comparing the active output current against configured current thresholds determined by OUTx_ITRIP_LVL.
OUT1-2 has two possible ITRIP current thresholds, and OUT3-6 also have three current threshold
options. ITRIP thresholds, enables, and timing settings are set individually for each half-bridge in the
HB_ITRIP_CONFIG, HB_ITRIP_FREQ and HB_ITRIP_DG.

As this device has multiple integrated drivers which are enabled at any given time, there is freewheeling
configuration intended to reduce power dissipation during ITRIP half-bridge regulation. Power dissipation
is lower with synchronous rectification (MOSFETs) compared with asynchronous rectification (diodes). The
half-bridge freewheeling is configurable between non-synchronous (passive freewheeling) and synchronous
rectification (active freewheeling). The synchronous rectification for half-bridges during ITRIP regulation is
enabled by setting bits NSR_OUTx_DIS in configuration register HB_OUT_CNFG1.

ITRIP detection is done on both high- and low-side MOSFETs of each half-bridge with blanking controlled
internally.

The configurable ITRIP timing parameters are frequency and deglitch. The tables below summarize the ITRIP
configuration options.

Table 7-26. Half-bridge ITRIP Synchronous Rectification Settings

NSR_OUTx_DIS ITRIP Half-bridge Off-time Response
0b Hi-Z
1b complementary MOSFET ON
Table 7-27. ITRIP Current Thresholds for Half-bridges
Half-bridges Typ ITRIP Current Thresholds OUTx_ITRIP_LVL
OuUT6 6.2 A 10b
54 A 01b
23A 00b
OouT5 76A 10b
6.6 A 01b
29A 00b
OUT3 & OUT4 34A 10b
25A 01b
1.3A 00b
OUT1 & OUT2 0.875 A 1b
0.7A 0Ob
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Table 7-28. ITRIP Timing - Deglitch Options

Deglitch Time OUTx_ITRIP_DG
2 us 00b
5us 01b
10 us 10b
20 ys 11b

Table 7-29. ITRIP Timing - Frequency Options

ITRIP Frequency OUTx_ITRIP_FREQ
20 kHz 00b
10 kHz 01b
5 kHz 10b
2.5 kHz 11b
Note

If 20kHz ITRIP frequency is desired, the fastest deglitch time is recommended (2us).

ITRIP regulation follows these steps:

» The low- or high-side of a half-bridge is enabled. The first ITRIP clock edge occurs when half-bridge enabled.

» If ITRIP limit is exceeded on either low- or high-side, the device waits for longer than deglitch time
toc_ITRIP_HB-

« If ITRIP limit is still exceeded after the deglitch time, then either the half-bridge enters the Hi-Z state or turns
on the opposite MOSFET for the remainder of the ITRIP cycle, depending on NSR_OUTx_DIS bit setting.
ITRIP status bit is set, and the regulation loop restarts.

* IfNSR_OUTx_DIS = 1b (synchronous rectification enabled), the current through the enabled MOSFET is
monitored for current reversal. If current reversal is detected, the half-bridge output is Hi-Z for the remainder
of the ITRIP cycle.

The synchronous rectification or freewheeling feature is enabled by setting bits NSR_OUTx_DIS in configuration
register HB_OUT_CNFG1. When NSR_OUTx_DIS = 0b, if ITRIP occurs on either MOSFET, the half-bridge goes
Hi-Z. If NSR_OUTx_DIS = 1b, if ITRIP occurs on either MOSFET, the opposite MOSFET is enabled.

For example, NSR_OUTx_DIS = 1b and OUTx_CNFG = 101b and 010b for complementary mode. If the PWM
input sets HS MOSFET ON, and ITRIP is reached on HS MOSFET, the LS MOSFET turns on for the remainder
of the ITRIP cycle. The HS MOSFET is turned ON at the end of the cycle. If the PWM input changes within the
ITRIP period, the ITRIP counter is reset and ITRIP regulation is active while the LS MOSFET is ON.

If synchronous rectification is enabled and MOSFET turns on when ITRIP occurs, current is monitored for a
current reversal, or zero-crossing detection. There is zero-crossing detection on both high-side and low-side
MOSFETs. If the detected load current reaches OA during ITRIP regulation for longer than the deglitch time,
then the half-bridge output goes Hi-Z for the remainder of the ITRIP cycle. The zero-crossing deglitch time is the
same ITRIP deglitch time.

The diagram below shows the ITRIP behavior for a half-bridge after configuring the OUTx_ITRIP_LVL,
NSR_OUTx_DIS, HB_ITRIP_FREQ, HB_TOFF_SEL, and HB_ITRIP_DG:
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Figure 7-12. Fixed Frequency ITRIP Current Regulation for Half-bridges

The ITRIP setting can be changed at any time when SPI communication is available by writing to the
OUTx_ITRIP_LVL bits. The change is immediately reflected in device behavior.

If a half-bridge is configured for PWM control and ITRIP, when ITRIP is reached, the behavior is the same as for
SPI register control, but the input now comes from the configured PWM pin.

There is a minimum togr time enforced based on the HB_TOFF_SEL bits in the HB_ITRIP_FREQ register. With
this setting enabled,where Period = 1/fpywym, torr = (Period - ton) if (Period - ton) > torr min OF torr = torr miN if
(Period - ton) < torr_miN -

For example, in the case of HB_TOFF_SEL = 01b and minimum togg insertion of T/2.

1. If ITRIP occurs beyond 50% of duty cycle minimum fixed T/2 off time is inserted after ITRIP. The behavior is
tOFF =T/2.
2. If ITRIP occurs within 50% duty cycle then behavior is torg = (Period - ton).

Table 7-30. Minimum torg Time Options

HB_TOFF_SEL Minimum torr Enforced
00b disabled, Zero
01b Torr=T/2,50% T
10b Torr=T/4,25% T
11b Torr=T

7.4.4.5 Half-bridge Protection and Diagnostics

The half-bridge drivers are protected against overcurrent. The device also offers on-state and off-state load
monitoring. Fault signaling is done through register HB_STATX.
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7.4.4.5.1 Half-Bridge Off-State Diagnostics (OLP)

The user can determine the impedance on a pair of half-bridges using off-state diagnostics while the half-bridges
are disabled in register HB_ OUT_CNFGx. With this diagnostic, detecting the following fault conditions passively
is possible:

Output short to VM or GND < 1000Q
Open load > (min Ropen_Hg) for high-side load, VM = 13.5V
Table 7-31. Off-state Open Load Thresholds

Device Min Ropen_HB
DRV8000Q1 350
DRV8000E-Q1 320Q
DRV8001Q1 320Q
DRV8002Q1 350
Note

Detecting a load short with this diagnostic is NOT possible. However, the user can deduce this
logically if an overcurrent fault (OCP) occurs when an output is actively driven, but OLP diagnostics do
not report any fault when the output is disabled. Occurrence of both OCP when an output is actively
drive and OLP when the output is disabled implies a terminal short (short on selected output node).

The user can configure the following combinations

— Internal pullup resistor (Rg p py) on OUTx

— Internal pulldown resistor (R p pp) on OUTx

— Comparator reference level -

This combination is determined by the HB_OLP_CNFG bits in the HB_OL_CNFGH1 register.

The half-bridge pairs to be diagnosed are determined by the HB_OLP_SEL bits in the HB_OL CNFG1
register.

The off-state diagnostics comparator output is available on HB_OLP_STAT bit in HB_STAT2 register. The
output is not latched.

The user is expected to toggle through all the combinations and record the status bit output after the output is
settled.

Based on the input combinations and status register, the user can determine if there is a fault on the output.
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Figure 7-13. Off-State (Passive) Diagnostics
The following output, pulldown/pullup and VREF combinations are shown below:
Table 7-32. Off-state Output Pullup/pulldown and VREF Options
HB_OLP_CNFG Description
00b OLP Off
01b Output X Pullup enabled, Output Y pulldown enabled, Output Y
selected, VREF Low
10b Output X Pullup enabled, Output Y pulldown enabled, Output X
selected, VREF High
11b Output X Pulldown enabled, Output Y pullup enabled, Output Y
selected, VREF Low

The OLP combinations and truth table for a no fault scenario vs. fault scenario is shown in Table 7-33
For the diagnostics to be active and valid, all half-bridge configurations in bits OUTx_CNFG in registers
HB_OUT_CNFGx must be zero (disabled).

Table 7-33. Off-State Diagnostics Control Table

User Inputs OLP Set-Up HB_OLP_STAT
HB—,\I?:LGP—C nSLEEP ouTX OUTY |CMP REF S::'::::d Normal Open | GND Short |VM Short
01b 1 Rotp. pu Rotp pp | VoLp REFL OUTY 1b 0b 0b 1b
10b 1 Rop. pu Rotp pp | VoLp ReFH OUTX ob 1b 0b 1b
11b 1 RoLp. D Rotp pu | VoLp ReFL ouTY 1b 1b ob 1b

The following half-bridge pair off-state combinations and selection values are shown below.

Note

If any half-bridge is enabled, then all half-bridge OLP bits are automatically disabled and device ends
off-state diagnostics.
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Table 7-34. OUTx and OUTy Configurations

HB_OLP_SEL OUTX & OUTY Pairs Selected
0000b No output
0001b OUT1 & OUT2
0010b OUT1 & OUT3
0011b OUT1 & OUT4
0100b OUT1 & OUT5
0101b OUT1 & OUT6
0110b OUT2 & OUT3
0111b OUT2 & OUT4
1000b OUT2 & OUT5
1001b OUT2 & OUT6
1010b OUT3 & OUT4
1011b OUT3 & OUT5
1100b OUT3 & OUT6
1101b OUT4 & OUT5
1110b OUT4 & OUT6
1111b OUT5 & OUT6

7.4.4.5.2 Half-bridge Open Load Detection

When the device is active and waiting for drive commands, there is an open-load detection loop for half-bridges
OUT1 - OUT6. The detection scheme sequentially checks the open-load status for each high- and low-side of
each half-bridge output and reports the status in bit OUTx_xx_OLA in register HB_STAT2 and WARN bit in
register IC_STAT1.

From standby or sleep mode, starting with OUT1, the control loop begins checking the open-load status by
comparing the current to the under-current threshold for that half-bridge after completing the open-load filter
time. When running in PWM mode, this delay can be configured for 32, 128, 512, or 1024 PWM cycles with bit
OUTx_OLA_TH in register HB_OL_CNFG2. The readback takes one extra cycle for example if OUTx_OLA_TH
is configured for 32 cycles the value to read back is available at the end of the 33rd cycle. If an output is driven
with EN/DIS only (no PWM switching) then the open-load detection delay is 10ms.

Table 7-35. Open Load Detection Cycle Delay

OUTx_OLA TH Delay Cycle Count
00b 32

01b 128

10b 512

11b 1024

If open-load is detected at the end of the cycle count threshold or 10ms timeout occurs, then bit OUTx_HS_OLA/
OUTx_LS_OLA is reported. If no open-load is detected after configured delay cycle count, then the loop moves
to the next half-bridge. The loop continues checking each output through OUT6, then goes back to OUT1 to
restart the OLA loop. For the open-load check to be valid, the half-bridge open-load detection must be enabled
(OUTx_OLA = 1b) and the output OUTx_CNFG must not be disabled. The diagram below shows the OLA
scheme:
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Figure 7-14. Half-bridge Open-Load Active Detection

Any given half-bridge is skipped if any of the following three conditions are met:

1. OUTx is disabled (OUTx_CNFG = 00b).

2. Open-load detect is not enabled (OUTx_OLA = 0Ob) for the half-bridge.

3. OUTx is OFF for more than 10ms

4. Both HS_OLA and LS_OLA have already been detected and flagged, or other fault condition on OUTx
(overcurrent, over temperature)

With all half-bridge OUTx enabled without PWM, the total loop time can take up to 60ms to cycle through all
half-bridges. When a half-bridge is driven individually or sequentially, the loop detects open load within 10ms or
more (depending on EN or PWM control frequency). If a half-bridge is driven with a low frequency external PWM
signal, the OFF time of the output can exceed the open-load detection window of 10ms, and so the half-bridge
reports the status at end of timeout or number of PWM cycles less than 10ms and continue.

7.4.4.5.3 Half-Bridge Overcurrent Protection

When a half-bridge is active, an analog current protection circuit on each MOSFET shuts off the MOSFET
during hard short-circuit events. If the output current exceeds the overcurrent threshold locp oytx for longer
than tpg ocp He, an overcurrent fault is detected. The corresponding output is Hi-Z (latch behavior) and the
fault is latched in register (HB_STAT1). The half-bridge is disabled if Vpypp > Vpypp ov configured in the
PVDD_OV_MODE. N

For overcurrent deglitch time tpg ocp Hg Of half-bridge drivers, there are four overcurrent deglitch options
summarized in the table below.

Table 7-36. Half-bridge Overcurrent Deglitch

OUTx_OCP_DG Voltage Limitation Deglitch time
00b Vevop < Vevbp_ov 6 us
01b Vevob < Vevbp_ov 10 ps
10b Vevob < Veyvbp_ov 15 ps
11b Vo < 20V 60 ps
Vpyop > 20V 15 us

To re-activate the driver, the fault must first be cleared in register by the MCU by reading the status register. The
diagram below shows the overcurrent behavior of a half-bridge:
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Figure 7-15. Overcurrent Behavior for Half-bridges
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7.4.5 Gate Drivers

The device integrates two high-side and low-side external MOSFET gate drivers to drive one full H-bridge or
two half-bridge loads. There is also an integrated current shunt amplifier which supports, high-side, low-side, and
in-line current sensing.

7.4.5.1 Input PWM Modes

The DRV800x-Q1 has multiple input PWM modes to support different control schemes and output load
configurations. The gate driver outputs can be controlled through the GD_IN1, GD_IN2, DRVOFF, and nSLEEP
input pins. The outputs can also be controlled through the S_IN1, and S_IN2 register settings. The PWM mode
is set through the SPI register setting BRG_MODE. The modes are listed below with additional details describing
the functions.

Note
External MOSFET selection are expected to have similar VDS overcurrent protection thresholds. For
mismatched VDS thresholds for Gate driver Independent Half-bridge mode greater than two VDS _LVL
settings Tl recommends to use the DRV8000E-Q1 variant.

Table 7-37. Input PWM Modes

Input Mode BRG_MODE
Section 7.4.5.1.1 00b Independent half-bridge
01b (PH/EN)
Section 7.4.5.1.2
10b (PWM)
Reserved 11b Reserved

7.4.5.1.1 Half-Bridge Control

In half-bridge control mode, each half-bridge gate driver can be individually controlled through the corresponding
IN1, IN2 pins or through register. The DRVOFF signal has priority over the IN1 and IN2 signals. For half-bridge
control, INx designates half-bridges. The DRV800x-Q1 internally handles the dead-time generation between
high-side and low-side switching so that a single PWM input can control each half-bridge.

The half-bridges can be configured for SPI control with INx_ MODE bits. When INx_MODE = 1b, the half-bridges
can be enabled with S_INXx bits.

The half-bridges can be set to the Hi-Z state individually through the S HIZx bits. Both half-bridges can be
simultaneously set Hi-Z with DRVOFF pin.

Table 7-38. Half-Bridge Control (BRG_MODE = 00b)

S_HIZx DRVOFF INx GHx GLx SHx
1 1 X L L 4
0 0 0 L H L
0 0 1 H L H

INX Half-Bridge
meuPwwm | [TTLTTTTUL PWM Control
MCU GPIO DRVOFF

Figure 7-16. Half-Bridge Control

7.4.5.1.2 H-Bridge Control

In H-bridge control, both half-bridge gate drivers can be controlled as an H-bridge gate driver through a
configurable combination of IN1 and IN2 input pins or the S_IN1 and S_IN2 bits in register GD_HB_CTRL.
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To set the control mode for the half-bridge gate drivers, the SPI BRG_MODE bit can be configured to either
PH/EN or PWM control modes. The PH/EN mode allows for the H-bridge to be controlled with a speed/direction
type of interface commanded by one PWM signal and one GPIO signal. The PWM mode allows for the H-bridge
to be controlled with a more advanced scheme typically requiring two PWM signals. This allows the H-bridge
driver to enter four different output states for additional control flexibility if required.

In PH/EN mode, each half-bridge input control modes are configured with bits INx_MODE in register GD_CNFG.
By default, INx_MODE = 0Ob and both half-bridge are controlled from pins. If INx_MODE = 1b, the half-bridge
is controlled with SPI bit S_INx. If both INx_MODE = 1b, then S_IN1 becomes EN and S_IN2 becomes PH,
following pins IN1 and IN2.

The H-bridge freewheeling state is configurable through the BRG_FW register setting. In both the PH/EN and
PWM modes the default active freewheeling mode is active low-side. This setting can be utilized to modify the
bridge between low-side or high-side active freewheeling.

The H-bridge can be set to the Hi-Z state through the PWM or PH/EN control mode, using DRVOFF pin or
S_HIZx bits. The S_HIZx bits are an OR when the gate driver is in PH/EN control mode, and puts both outputs
SHx into high impedance.

Table 7-39. H-Bridge PH/EN Control (BRG_MODE = 01b, INx_MODE = Ob)

DRVOFF IN1 (EN) | IN2 (PH) BRG_FW GH1 GL1 GH2 GL2 SH1 SH2 DESCRIPTION

1 X X X L L L L z z High Impedance

0 0 X 0Ob L H L H L L Low-Side Active Freewheel

0 0 X 1b H L H L H H High-Side Active
Freewheel

0 1 0 X L H H L L H Drive SH2 — SH1
(Reverse)

0 1 1 X H L L H H L Drive SH1 — SH2
(Forward)
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Figure 7-17. H-Bridge PH/EN Control

Table 7-40. H-Bridge PH/EN Control (BRG_MODE = 01b, IN2_MODE = 1b)

DRVOFF Ll S BRG_FW GH1 GL1 GH2 GL2 SHA1 SH2 DESCRIPTION
(EN) (PH)
1 X X X L L L L Z z High Impedance
0 X Ob L H L H L L Low-Side Active Freewheel
0 X 1b H L H L H H High-Side Active Freewheel
0 1 0Ob X L H H L L H Drive SH2 — SHA1
(Reverse)
0 1 1b X H L L H H L Drive SH1 — SH2
(Forward)
IN1 (EN) H-Bridge
[y Pam] [ TUULL PHEN
Control
[ ser | IO S-h2 e e
Figure 7-18. H-Bridge PH/EN Mixed Control
Table 7-41. H-Bridge PH/EN Control (BRG_MODE = 01b, IN1_MODE = 1b)
DRVOFF S_INT | IN2 | oon bW | GH1 | GL1 | GH2 | GL2 | SH1 | SH2 DESCRIPTION
(EN) (PH)
1 X X X L L L L Z z High Impedance
Ob X Ob L H L H L L Low-Side Active Freewheel
Ob X 1b H L H L H H High-Side Active Freewheel
0 1b 0 X L H H L L H Drive SH2 — SHA1
(Reverse)
0 1b 1 X H L L H H L Drive SH1 — SH2
(Forward)
(e T s eyl rsicge
PH/EN
[voupw] UUTLIIULL _meewy L Conte
Figure 7-19. H-Bridge PH/EN Control (BRG_MODE = 01b, IN1_MODE = 1b)
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Table 7-42. H-Bridge PWM Control (BRG_MODE = 10b)

DRVOFF IN1 IN2 BRG_FW GH1 GL1 GH2 GL2 SH1 SH2 DESCRIPTION
1 X X X L L L L z z High Impedance
0 0 0 X L L L L V4 V4 Diode Freewheel (Coast)
0 0 1 X L H H L L H Drive SH2 — SH1
(Reverse)
0 1 0 X H L L H H L Drive SH1 — SH2
(Forward)
1 1 Ob L H L H L L Low-Side Active Freewheel
1 1 1b H L H L H H High-Side Active Freewheel
IN1 H-Bridge
JUruuuL PWM Mode
Control

Figure 7-20. H-Bridge PWM Control

7.4.5.1.3 DRVOFF - Gate Driver Shutoff Pin

The DRV8000-Q1 provides dedicated H-bridge gate driver disable function with the DRVOFF pin. The DRVOFF
pin provides a direct hardware pin to shutdown the gate driver without relying on an SPI command or PWM input
change. When DRVOFF is asserted, both gate driver half-bridges are Hi-Z by enabling the gate driver pulldowns
regardless of the other pin or SPI inputs. The integrated drivers and charge pump are independent from the
DRVOFF pin.

The DRVOFF pin has a latched status bit DRVOFF_STAT in register GD_STAT that is continuously updated
to reflect the status of the DRVOFF pin. This can be used to confirm that DRVOFF pin is either asserted or
deasserted.

Note
The host controller must assert DRVOFF for more than 3ms to register a valid DRVOFF command.
To properly clear the DRVOFF status latch, a CLR_FLT must be issued after 3ms of DRVOFF going
low. Tl recommends the host check DRVOFF status DRVOFF_STAT bit in register GD_STAT before
and after issue a CLR_FLT to confirm that DRVOFF status has cleared. To recover from DRVOFF
shutdown, wait until DRVOFF_STAT and DRVOFF_STAT_FB report HIGH after DRVOFF pin rising
edge, then set DRVOFF pin to ZERO and issue CLR_FLT command.

While DRVOFF is asserted, SPI communication and logic inputs are still available as long as DVDD is present.

7.4.5.2 Smart Gate Driver - Functional Block Diagram

7.4.5.2.1 Smart Gate Driver

The DRV8000-Q1 provides an advanced, adjustable floating smart gate driver architecture to provide fine
MOSFET control and robust switching performance. The smart gate driver architecture offers driver functions for
slew rate control and a driver state machine for dead-time handshaking, parasitic dV/dt gate coupling prevention,
and MOSFET gate fault detection.

Advanced adaptive drive functions are provided for reducing propagation delay, reducing duty cycle distortion,
and closed loop programmable slew time. The advanced smart gate driver functions is available in any bridge
mode, for a single half-bridge at a time. The advanced functions do not interfere with standard operation of the
gate drivers and can be utilized as needed by system requirements.

The different functions of the smart gate drive architecture are summarized below with additional details in the
following sections.

Smart Gate Driver Core Functions:
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» Figure 7-21

 Section7.4.5.2.3

e Section7.4.524

¢ Advanced: Section 7.4.5.2.5
¢ Advanced: Section 7.4.5.2.9
¢ Advanced: Section 7.4.5.2.10

Note
The advanced, adaptive drive functions and registers are not required for normal operation of the
device and intended for specific system requirements.

Table 7-43. Smart Gate Driver Terminology Descriptions

Core Function Terminology Description
| Programmable gate drive source current for adjustable MOSFET slew rate control. Configured with
DRVP the IDRVP_x control register.
| Programmable gate drive sink current for adjustable MOSFET slew rate control. Configured with
DRVN the IDRVN_x control register.
lhoLp Fixed gate driver hold pullup current during non-switching period.
Fixed gate driver strong pulldown current during non-switching period. This includes whenever the
IDRIVE / TDRIVE IsTRONG | pp0site MOSFET in the half-bridge is switching or Hi-Z.
t IbrvpyN drive current duration before Iygp or Istrong. Also provides Vgg and Vpg fault monitor
DRIVE blanking period. Configured with the VGS_TDRV control register.
tpp Propagation delay from logic control signal to gate driver output change.
t Body diode conduction period between high-side and low-side switch transition. Configured with
DEAD the VGS_TDEAD control register.
| Gate drive source current initial value for charge control loop. Configured with the PRE_CHR_INIT
CHR_INIT control register.
Gate drive source current for pre-charge period after control loop lock. Adjustment rate configured
IPRE_CHR with the KP_PDR control register. Max current clamp configured with the PRE_MAX control
register.
¢ Gate drive source current pre-charge period duration. Configured with the T_PRE_CHR control
PRE_CHR register.
t Delay time from start of pre-charge period to rising Vgy crossing Vsy_ threshold. Configure with
DON T_DON_DOFF control register.
PDR | Gate drive sink current initial value for discharge period control loop. Configured with the
(Pre-charge) DCHR_INIT PRE_DCHR_INIT control register.
Gate drive sink current for pre-discharge period after control loop lock. Adjustment rate configured
IPRE_DCHR with the KP_PDR control register. Max current clamp configured with the PRE_MAX control
register.
Gate drive sink current pre-discharge period duration. Configured with the T_PRE_DCHR control
tPrE_DCHR :
— register.
t Delay time from start of pre-discharge period to falling Vsy crossing Vsy_p threshold. Configure
DOFF with T_DON_DOFF control register.
VsH. L Low voltage threshold for Vgy switch-node. Configured with the AGD_THR control register.
VsH_H High voltage threshold for Vg switch-node. Configured with the AGD_THR control register.
| Gate drive source current for post-charge period. Adjustment rate configured with the KP_PST
PST_CHR control register.
tpsT cHR Gate drive source current post-charge period duration.
PDR | Gate drive sink current for post-discharge period. Adjustment rate configured with the KP_PST
(Post-charge) PST_DCHR control register.
tpsT DCHR Gate drive source current post-charge period duration.
IFw_cHR Freewheeling charge current. Configured with the FW_MAX control register.
IFw_DCHR Freewheeling discharge current. Configured with the FW_MAX control register.
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Table 7-43. Smart Gate Driver Terminology Descriptions (continued)

Core Function

Terminology

Description

trise

Time duration for Vgpy to cross from Vg, | to Vshy n threshold. Configured with the T_RISE_FALL

control

register.

STC
teaLL

Time duration for Vgpy to cross from Vgpy H to Vshy | threshold. Configured with the T_RISE_FALL

control

register.

7.4.5.2.2 Functional Block Diagram

Section 7.2 shows a high level function block diagram for the half-bridge gate driver architecture. The gate
driver blocks provide a variety of functions for MOSFET control, feedback, and protection. This includes
complimentary, push-pull high-side and low-side gate drivers with adjustable drive currents, control logic level
shifters, Vps, Vgs, and Vgy (switch-node) feedback comparators, a high-side Zener clamp, plus passive and

active pulldown resistors.
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Figure 7-21. Gate Driver Functional Block Diagram

7.4.5.2.3 Slew Rate Control (IDRIVE)

The IDRIVE component of the smart gate drive architecture implements adjustable gate drive current control
to adjust the external MOSFET Vpg slew rate. This is achieved by implementing adjustable pullup (Ipryp) and
pulldown (Ipryn) current sources for the internal gate driver architecture.
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The external MOSFET Vpg slew rates are a critical factor for optimizing radiated and conducted emissions,
diode reverse recovery, dV/dt parasitic gate coupling, and overvoltage or undervoltage transients on the switch-
node of the half-bridge. IDRIVE operates on the principle that the Vpg slew rates are predominantly determined
by the rate of the gate charge (or gate current) delivered during the MOSFET Qgp or Miller charging region.
By allowing the gate driver to adjust the gate current, the gate driver can effectively control the slew rate of the
external power MOSFETSs.

IDRIVE allows the DRV8000-Q1 to dynamically change the gate driver current setting through the IDRVP_x
and IDRVN_x bits. The device provides 16 settings between the 0.5-mA and 62-mA range for the source and
sink currents as shown in Table 7-44. The peak gate drive current is available for the tpr)ye duration. After the
MOSFET is switched and the tprye duration expires, the gate driver switches to a hold current (4oL p) for the
pullup source current to limit the output current in case of a short-circuit condition and to improve the efficiency of
the driver.

The IDRV_LOXx bits allows for 16 settings <0.5mA if extremely low slew rate control is required.
Table 7-44. IDRIVE Source (Ipryp) and Sink (Ipryn)

Current
IDRVP_x / IDRVN_x Gate Source / Sink Current
IDRV_LOXx = 0b IDRV_LOx = 1b

0000b 0.5 mA 50 pA
0001b 1mA 110 pA
0010b 2mA 170 pA
0011b 3mA 230 pA
0100b 4 mA 290 pA
0101b 5mA 350 pA
0110b 6 mA 410 pA
0111b 7 mA 600 pA
1000b 8 mA 725 pA
1001b 12 mA 850 PA
1010b 16 mA 1mA
1011b 20 mA 1.2mA
1100b 24 mA 1.4 mA
1101b 31 mA 1.6 mA
1110b 48 mA 1.8 mA
1111b 62 mA 2.3mA

7.4.5.2.4 Gate Driver State Machine (TDRIVE)

The TDRIVE component of the smart gate drive architecture is an integrated gate drive state machine that
provides automatic dead time insertion, parasitic dV/dt gate coupling prevention, and MOSFET gate fault
detection.

The first component of the TDRIVE state machine is an automatic dead time handshake. Dead time is the period
of body diode conduction time between the switching of the external high-side and low-side MOSFET to prevent
any cross conduction or shoot through. The gate drivers of DRV8000-Q1 use Vgg monitors to implement a
break and then make dead time scheme by measuring the external MOSFET Vgs voltage to determine when to
properly enable the external MOSFETs. This scheme allows the gate driver to adjust the dead time for variations
in the system such as temperature drift, aging, voltage fluctuations, and variation in the external MOSFET
parameters. An additional fixed digital dead time (tpeap p) can be inserted if desired and is adjustable through
the SPI registers. -

The second component focuses on preventing parasitic dV/dt gate charge coupling. This is implemented by
enabling a strong gate current pulldown (Istrong) Whenever the opposite MOSFET in the half-bridge is switching
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or Hi-Z. This feature helps remove parasitic charge that couples into the external MOSFET gate when the
half-bridge switch node is rapidly slewing.

The third component implements a gate fault detection scheme to detect an issue with the gate voltage. This
is used to detect pin-to-pin solder defects, a MOSFET gate failure, or a gate stuck high or stuck low voltage
condition. This is done by using the Vgg monitors to measure the gate voltage after the end of the tpg\ye time. If
the gate voltage has not reached the proper threshold, the gate driver reports the corresponding fault condition.
To maintain a false fault is not detected, a tprjye time is selected that is longer than the time required to charge
or discharge the MOSFET gate. The tpryyg time does not impact the PWM minimum duration and terminates
early if another PWM command is received.

vwx__
| | | | | | | |
—) tep 14— I I I —¥ tep 14— I I I
N A
| | | | | | | | | |
;! §l Y | | ;! | | |
Vastx Lo TN T Vesw I Lo I | I
-0 _T___il T T | T T ————r-——=-=-=---
: —» :4— tes_Hs_pe + toeap : | : : : :
|
| | | | | | | |
| —»  toeapp ¢ | : | | —» torve 4
wo | 0 B
lowx ————1 ____ o __ AL ______ FENT Y R it mpmpepe g
IoRIveN | : : | : :
I I Do I
| | IstRoNG b |
1 1 1 1
I I Do I I
| | | | |
| | |
| | | | |
I I I . I
| | I Nt — |
VasiLx L 1o Vas 1w |
| I I \ i
| | I % r¢tas ns e+ toeap
| | | |
—» torive : —> tpeapp e

Ipriven |

(7]
1
Fl
[
4
(2]

-7

S
=3
H
m
b
I
o
I
o

_— e

Figure 7-22. TDRIVE Turn On / Off

7.4.5.2.4.1 tpryye Calculation Example

The driver gate to source monitor timeout (tpryve) is configured to allow sufficient time for the external MOSFETs
to charge and discharge for the selected Ipryg gate current. By default, the setting is 8us which is sufficient for
many systems. The determine an appropriate tpr)yg value, Equation 1 can be utilized.

torive > Qg_tot/ IbrRIVE (1)
Using the input design parameters as an example, we can calculate the approximate values for tprve.
torive > 30nC / 6mA = 5us (2)

Based on these calculations a value of 8us was chosen for tprye.
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7.4.5.2.5 Propagation Delay Reduction (PDR)

Propagation delay reduction (PDR) control has two primary functions, a pre-charge propagation delay reduction
function and a post-charge acceleration function.

The propagation delay reduction (PDR) primary goal is to reduce the turn on and turn off delay of the external
MOSFET by using dynamic pre-charge and pre-discharge currents before the MOSFET Qgp miller region.
This can enable the driver to achieve higher and lower duty cycle resolution while still meeting difficult EMI
requirements.

The post-charge acceleration function allows for the MOSFET to more quickly reach the low resistive or off state
to minimize power losses by increasing the post-charge and post-discharge gate current after the MOSFET Qgp
miller region.

An example of the MOSFET pre-charge and post-charge current profiles are shown in Figure 7-23. The same
control loop is repeated for the MOSFET pre-discharge and post-discharge as shown in Figure 7-24. Several
examples of the full control loop in different PWM and motor cases are shown in Section 7.4.5.2.8.

Vashx

[

ISTRON(#

Vshx

Figure 7-23. PDR Charge Profile Figure 7-24. PDR Discharge Profile

7.4.5.2.6 PDR Pre-Charge/Pre-Discharge Control Loop Operation Details

The PDR pre-charge/pre-discharge control loop operates to achieve a user configured turn on and turn off
propagation delay (T_DON_DOFF) by dynamically adjusting the driver pre-charge (lpre chr) and pre-discharge
(Ipre DcHR) current levels through a proportional gain error controller (KP_PDR). The error controller measures
the difference in the measured propagation delays (ton, torr) compared to the configured propagation delay
(T_DON_DOFF) and updates the pre-charge current level for the next switching cycle. The control loop can be
operated with the default configuration settings of the device, but full flexibility is provided to configure the timing
parameters, initial current levels, error controller strength, and other settings.
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7.4.5.2.7 PDR Post-Charge/Post-Discharge Control Loop Operation Details

The PDR post charge/post-discharge control loop operates by increasing the driver gate current after the
MOSFET switching region. This is done by measuring the switch-node voltage (Vspy) and then increasing gate
current after crossing the proper threshold. The control loop can be operated with the default configuration
settings of the device, but full flexibility is provided to configure the timing parameters, controller strength, and
other settings.

7.4.5.2.7.1 PDR Post-Charge/Post-Discharge Setup

» Enable the post-charge/post-discharge control loop. KP_PST register setting.

» Optional Configuration Options:
— Add additional delay before post-charge/post-discharge starts. EN_PST_DLY register setting.
— Adjust the proportional gain controller strength. KP_PST register setting.

7.4.5.2.8 Detecting Drive and Freewheel MOSFET

By default, the PDR loop automatically detects which MOSFET is the drive MOSFET and which MOSFET is the
freewheel MOSFET by determining the polarity of the current out of the half-bridge. This is done by measuring
the half-bridge Vspy voltage during the dead-time period to determine if the high-side or low-side body diode is
conducting. If the current polarity cannot be determined the IDIR_WARN is flagged in the GD_STAT register. The
automatic freewheel detection can be disabled with the IDIR_MAN bit in register GD_AGD_CNFG. In the manual
freewheel modes, the PDR loop relies on the IDIR_MAN_SEL bit in register GD_STC_CNFG to determine which
MOSFET is the drive MOSFET and which MOSFET is the freewheel MOSFET. If = Ob, the high-side MOSFET
is the drive MOSFET and the low-side MOSFET is the freewheel MOSFET. If = 1b, the low-side MOSFET is the
drive MOSFET and high-side MOSFET is the freewheel MOSFET.
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HS Drive PWM Turn On / Off Example shows the high-side MOSFET (HS1) controlling the Vg, switch-node
Drive PWM

voltage transition and the low-side MOSFET (LS1) acting as the freewheeling MOSFET.
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Figure 7-25. HS Drive PWM Turn On / Off Example
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LS Drive PWM Turn On / Off Example shows the low-side MOSFET (LS2) controlling the Vg, switch-node
voltage transition and the high-side MOSFET (HS2) acting as the freewheeling MOSFET.
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Figure 7-26. LS Drive PWM Turn On / Off Example

7.4.5.2.9 Automatic Duty Cycle Compensation (DCC)

The automatic duty cycle compensation (DCC) smart gate driver feature is a function to match the turn on
and turn off signals to reduce duty cycle distortion that occurs due to different delays in the turn on and turn
off sequences. The difference in turn on and turn off delay is introduced by a dependency on whether the
freewheeling MOSFET must be charged or discharged before the Vgyy slew can occur. If the freewheeling
MOSFET charges or discharges before the drive MOSFET this can introduce a mismatch causing duty cycle
distortion. The DCC control loop adds an additional delay to match both the turn on and turn off delays. This
function can be utilized in the standard drive modes or in combination with the PDR or STC control modes.
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The DCC function is enabled through the EN_DCC bits. Set the active half-bridge receiving PWM control
through the SET_AGD bits.

7.4.5.2.10 Closed Loop Slew Time Control (STC)

The slew time control (STC) loop provides the device the ability to configure a specific slew rise and fall time for
the output switch-node. The device adjusts the gate drive output current (Ipryp and Ipryy) to meet the desired
target settings. This function can be utilized in the standard drive modes or in combination with the PDR or DCC
control modes.

7.4.5.2.10.1 STC Control Loop Setup

* Enable the STC control loop. EN_STC register setting

« Set the active PWM half-bridge. SET_AGD register setting. Note: The advance driver control settings are
shared between each half-bridge pair.

» Set the target tgisg and tgp | time. T_RISE_FALL register setting.

» Optional Configuration Options:

* Adjust the proportional gain controller strength. KP_STC register setting.

7.4.5.3 Tripler (Double-Stage) Charge Pump

The high-side gate drive voltage for the external MOSFET is generated using a tripler (dual-stage) charge pump
that operates from the PVDD voltage supply input. The charge pump allows the high-side and low-side gate
drivers to properly bias the external N-channel MOSFETs with respect to the source voltage across a wide
input supply voltage range. The charge pump output is regulated (VVCP) to maintain a fixed voltage respect
to VPVDD. The charge pump is continuously monitored for an undervoltage (VCP_UV) event to prevent under
driven MOSFET conditions or in case of a short-circuit condition.

The charge pump provides several configuration options. By default the charge pump automatically switches
between ftripler (dual-stage) mode and doubler (single-stage) mode after the PVDD pin voltage crosses the
VCP_SO threshold to reduce power dissipation. The charge pump can also be configured to always remain in
tripler or doubler mode through the SPI register setting CP_MODE.

The charge pumps requires a low ESR, 1uF, 16V ceramic capacitor (X7R recommended) between the PVDD
and VCP pins to act as the storage capacitor. Additionally, a low ESR, 100nF, PVDD-rated ceramic capacitor
(X7R recommended) is required between the CP1H to CP1L and CP2H to CP2L pins to act as the flying
capacitors.

Note

Since the charge pump is regulated to the PVDD pin, verify that the voltage difference between the
PVDD pin and MOSFET power supply is limited to a threshold that allows for proper VGS of the
external MOSFET during switching operation.

7.4.5.4 Wide Common Mode Differential Current Shunt Amplifier

The device integrates a high-performance, wide common-mode, bidirectional, current-shunt amplifiers for current
measurements using shunt resistors in the external half-bridges. Current measurements are commonly used to
implement overcurrent protection, external torque control, or commutation with an external controller. Due to the
high common-mode range of the shunt amplifier, the shunt amplifier can support low-side, high-side, or inline
shunt configurations. The current shunt amplifiers include features such as programmable gain, unidirectional
and bidirectional support, output blanking, and a programmable internal voltage reference to set a mid-point
bias voltage for the amplifier output. A simplified block diagram is shown in Figure 7-27. SP is connected to the
positive terminal of the shunt resistor and SN is connected to the negative terminal of the shunt resistor. An RC
filter can be applied to the output of the amplifier as needed to the SO pin. If the amplifiers are not utilized, the
SN, SP inputs can be tied to PCB GND and the SO output left floating.
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Note
Note that in high-side sense configuration there exists a leakage path of approximately 600kQ to GND
when nSLEEP = 0V. Tl does not recommend to add filtering to the input pins SP or SN of the Shunt
Amplifier.

Vovop

GND
- L

L

RC |SO

“— Fiter [ L

Rsnunt

Rean

Figure 7-27. Amplifier Simplified Block Diagram

A detailed block diagram is shown in . The wide common mode amplifier is implemented with a two stage
differential architecture. The 1st differential stage supports a wide common mode input, differential output, and
has a fixed gain, G = 2. The 2nd differential stage supports a variable gain adjustment, G = 5, 10, 20, or 40. The
total gain of the two stages are G = 10, 20, 40, or 80.

The internal reference voltage goes to a divider network, a buffer, and then sets the output voltage bias for the
differential amplifier. The gain is configured through the register setting CSA_GAIN and the reference division
ratio through CSA_DIV.

Fully Differential, High Common Mode Amplifier
Total Gain, G = 10, 20, 40, 80 V/V

2" Stage, Low CM 1% Stage, High CM
Variable Gain Differential Output
G =5,10, 20, 40 G=2
R
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Output Filter Switch 10 kQ 200 kQ —[ |<—
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Figure 7-28. Amplifier Detailed Block Diagram

Lastly, the amplifier has an output blanking switch. The output switch can be used to disconnect the amplifier
output during PWM switching to reduce output noise (blanking). The blanking circuit can be set to trigger
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on the active half-bridge through the CSA BLK_SEL register setting. The blanking period can be configured
through the CSA_BLK register setting. If the gate drivers are transitioning between high-side and low-side FET
turn on and turn off or vice versa, the blanking time extends through the dead-time window to avoid amplifier
signal noise if the output swings or noise couples during the dead-time period. An output hold up capacitor is
recommended to stabilize the amplifier output Cso, when the amplifier is disconnected during blanking. Typically
this capacitor is after a series resistor in a RC filter configuration shown with Rgg and Cgpq to limit direct
capacitance seen directly at the amplifier output. An example of the blanking function is shown in Figure 7-29.

Figure 7-29. Amplifier Blanking Example

7.4.5.5 Gate Driver Protection Circuits

7.4.5.5.1 MOSFET Vps Overcurrent Protection (VDS_OCP)

If the voltage across the Vpg overcurrent comparator exceeds the Vpg 1y for longer than the tps pg time, a
Vps overcurrent condition is detected. The voltage threshold and deglitch time can be adjusted through the
VDS _xx_LVL and VDS_DG register settings.

The Vpg overcurrent monitor can respond and recover in four different modes set through the VDS_MODE

register setting.

« Latched Fault Mode: After detecting the overcurrent event, the gate driver pulldowns are enabled and
FAULT register bit, and associated VDS register bit are asserted. After the overcurrent event is removed, the
fault state remains latched until CLR_FLT is issued.

* Cycle by Cycle Mode: After detecting the overcurrent event, the gate driver pulldowns are enabled and
FAULT register bit, and associated VDS_XX register bit are asserted. The next PWM input clears the FAULT
register bit and reenable the driver automatically. The associated VDS_XX register bit remains asserted until
CLR_FLT is issued.

*  Warning Report Only Mode: The overcurrent event is reported in the WARN and associated VDS_XX
register bits. The device does not take any action. The warning remains latched until CLR_FLT is issued.

» Disabled Mode: The Vpg overcurrent monitors are disabled and does not respond or report.

When a Vpg overcurrent fault occurs, the gate pulldown current can be configured to increase or decrease the
time to disable the external MOSFET. This can help to avoid a slow-turn off during high-current short-circuit
conditions. This setting is configured through the VDS_IDRVN register setting.

7.4.5.5.2 Gate Driver Fault (VGS_GDF)

If the Vgs voltage does not cross the Vgs |\ comparator level for longer than the tprve time, a Vgs gate fault
condition is detected .

Additionally, in independent half-bridge split HS/LS PWM control (BRG_MODE = 00b) the device can be
configured to disable all half-bridges or only the associated half-bridge in which the gate fault occurred through
the VGS_IND register setting. In the DRV800x-Q1 PH/EN and PWM H-bridge control modes (BRG_MODE =
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01b, 10b), the VGS_IND register setting can be used to disable all H-bridges or only the associated H-bridge in
which the fault occurred.

The Vg gate fault monitor can respond and recover in four different modes set through the VGS_MODE register

setting.

» Latched Fault Mode: After detecting the gate fault event, the gate driver pulldowns are enabled and FAULT
register bit, and associated VGS register bit asserted. After the gate fault event is removed, the fault state
remains latched until CLR_FLT is issued.

» Cycle by Cycle Mode: After detecting the gate fault event, the gate driver pulldowns are enabled and FAULT
register bit, GD and associated VGS_XX register bit asserted. The next PWM input clears the FAULT register
bit and reenable the driver automatically. The VGS_XX and GD bits remains asserted until CLR_FLT is
issued.

*  Warning Report Only Mode: The overcurrent event is reported in the WARN and associated VGS_XX
register bits. The device does not take any action. The warning remains latched until CLR_FLT is issued.

» Disabled Mode: The Vgg gate fault monitors are disabled and does not respond or report.

7.4.5.5.3 Offline Short-circuit and Open Load Detection (OOL and OSC)

The device provides the necessary hardware to conduct offline short-circuit and open load diagnostics of the
external power MOSFETs and load. This is accomplished by an integrated pull up and pulldown current source
on the SHx pin which connect to the external half-bridge switch-node. The offline diagnostics are controlled
by the associated register bit EN_OLSC. First, the offline diagnostic mode needs to be enabled through the
EN_OLSC register setting. Then the individual current sources can be enabled through the #none# and PU_SHx
register settings.

The voltage on the SHx pin is continuously monitored through the internal Vpg comparators. During the
diagnostic state the Vpg comparators report the real-time voltage feedback on the SHx pin node in the SPI
registers in the associated VDS_XX register status bit. When in the Vpg comparators are in diagnostic mode, the
global GD SPI register bits do not report faults or warnings.

Before enabling the offline diagnostics, Tl recommends to place the external MOSFET half-bridges in the
disabled state through the EN_GD register setting. Additionally, the Vpg comparator threshold ( or ) is adjusted
to 1V or greater to maintain enough headroom for the internal blocking diode forward voltage drop.

Gate Driver 1 PVDD T PVDD Gate Driver 2

= —
& >

GH1 N — /- GH2

SH1 SH2

[ —
& >

GL1 = — GL2

H PGND . _ . PGND -

Figure 7-30. Offline Diagnostics
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Note

The Vpg comparators start real-time voltage feedback immediately after EN_OLSC is set. Feedback is
ignored until the proper pull up and pulldown configuration is set.

7.4.6 Sense Output (IPROPI)

The device features an output for current sensing, Vpypp monitoring, and die temperature on the IPROPI pin.
This information can be used for status or regulation of loads (on OUTx), check die temperature, or to provide
local motor suppy voltage. These integrated features eliminate the need for multiple external sense resistors or
sense circuitry, reducing system size, cost and complexity.

The load currents are sensed by using a shunt-less high-side current mirror topology. The IPROPI output current
is a fixed ratio Ajprop| Of the instantaneous current of the enabled driver (OUTx). The thermal cluster outputs
come from the corresponding zones temperature sensing circuits. The local motor supply PVDD sense and
temperature sense is converted to a current output on IPROPI pin through the IPROPI resistor allowing scalable
output voltage for 5V and 3.3V ADC pins.

For any IPROPI sense output, the maximum value of the selected scale (load current, voltage, or temperature)
is represented by the maximum IPROPI output current of 2mA. For example, if OUT5 IPROPI is selected while
driving an 8A load (the minimum driver OCP), the expected IPROPI output current is 2mA. If the load current is
slightly higher than the minimum driver OCP, the IPROPI output current cannot be verified to follow the IPROPI
current sense ratio, and in some cases OCP shutdown can occur.

Bit IPROPI_SEL defines which of the outputs is multiplexed to the IPROPI pin, the control values shown in the
table below:

Table 7-45. IPROPI_SEL Options

IPROPI_SEL Output

00000b No output

00001b OUT1 Current Sense

00010b OUT2 Current Sense

00011b OUT3 Current Sense

00100b OUT4 Current Sense

00101b OUTS Current Sense

00110b OUT6 Current Sense

00111b OUT7 Current Sense

01000b OUT8 Current Sense

01001b OUT9 Current Sense

01010b OUT10 Current Sense

01011b OUT11 Current Sense

01100b OUT12 Current Sense

01101b RSVD

01110b RSVD

01111b RSVD

10000b Vpyvpp Sense Nominal Range (5V - 22V)

10001b Thermal Cluster 1

10010 Thermal Cluster 2

10011 Thermal Cluster 3

10100 Thermal Cluster 4

10101 Vpyvpp Sense High Range (20V - 32V)
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The IPROPI pin is a multipurpose pin which can also be used as second PWM pin control input option for
half-bridges, therefore the IPROPI/PWM2 pin mode is controlled with bit IPROPI_MODE in register IC_CTRL.

The diagram below shows the simple block diagram for the selectable IPROPI output:
IPROPI_SEL

IPROPI VTHERMX_OUT

To
MCU Vevpp_out
ADC

loutx
R|PROP|

Figure 7-31. IPROPI Output Circuit

IPROPI Reset, Blank and Settling Times: When selecting between IPROPI output options from the above
table, using the IPROPI_SEL bit, the IPROPI output first resets to 0V within 5.5us. This reset occurs for any
IPROPI output selection or transition. To prevent false readouts, the signal on IPROPI is blanked after switching
on any driver or sense output until the circuitry settles, roughly 60us for High-side driver.

Current (loyTx) Sense: For current output, the IPROPI output analog current is scaled by Ajprop; as follows:

lirropi = louTx / AiproPI (3)

PVDD Sense: For PVDD voltage sense output, there are two ranges:

* Nominal Range: 5V - 22V, where IPROPI output current is Vpypp/11,000
* High Range: 20V - 32V, where IPROPI output current is Vpypp/16,500

For example:

* IPROPI_SEL is selected for Nominal PVDD Range 1 (IPROPI_SEL = 10000b)
® VPVDD is 13.5V
* liprop = 1.2mA

PVDD Sense Fault Behavior: The IPROPI PVDD voltage sense output is valid and available when Vpypp is
above the PVDD UV threshold, and when Vpypp is above the minimum recommended operating voltage.

If Vpypp is above the PVDD OV threshold, PVDD sense output is still supported. However, the nominal range
(5V-22V) IPROPI PVDD sense output cannot be verified above Vpypp > 22V. The High range IPROPI PVDD
sense output ratio of 1/16,500 is valid within 20V to 32V, but cannot be verified above Vpypp of 32V.

The faults where PVDD sense is unavailable:

* Charge Pump Undervoltage (VCP_UV)
* Thermal Shutdown when configured for global shutdown (default)

Temperature Sense Output: The IPROPI output also provides current representation of any single of the four
thermal cluster temperature. This is intended for use in testing and evaluation, but not during device run-time.

The maximum internal temperature at which IPROPI output current is available is 195°C, at which point the
IPROPI output current is 1.94mA. The IPROPI current output is scaled according to the temperature range
-40°C to 195°C. The equation for the IPROPI output current is:

lipropI = O + Bxt

where a is offset roughly equal to 1.49mA, B is 2.32uA/°C, and 't' is temperature. To convert back to temperature,
solving for temperature yields:

t = (lipropi - @)/

In terms of the voltage generated on Riprop:

t = ([Virror/RiproPI] - @)/B
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For example, when the cluster temperature is 0°C, the IPROPI output current is 1.49mA. At 145°C, the IPROPI
output current is 1.83mA.

The IPROPI pin must connect to ground through an external resistor (Rjprop) generate the proportional voltage
Vipropi- This allows for the IPROPI current to be measured as a voltage-drop across the Riprop; resistor in the
application so that the full range of the controller ADC is utilized.

When selecting the IPROPI resistance value, note the maximum operating IPROPI output voltage of 4.7V. This
value considers a 10% output error of IPROPI drives the IPROPI output voltage to 5.3V at a maximum sense
value (maximum load current of a driver, for example). To stay below this voltage, use a resistance value of less
than 2.35kQ, as 2mA by 2.35kQ is roughly 4.7V. If an MCU voltage of 3.3V is required, the resistance to stay
below the MCU absolute maximum voltage, considering this 10% output error of IPROPI.

7.4.7 Protection Circuits

7.4.7.1 Fault Reset (CLR_FLT)

The DRV8000-Q1 provides a specific sequence to clear fault conditions from the driver and resume operation.
This function is provided through the CLR_FLT register bit. To clear fault reporting the CLR_FLT register bit must
be asserted after the fault condition is removed. After being asserted, the driver clears the fault and reset the
CLR_FLT register bit.

7.4.7.2 DVDD Logic Supply Power on Reset (DVDD_POR)

If at any time the input logic supply voltage on the DVDD pin falls below the Vpypp por threshold for longer
than the tpypp por b time or the nSLEEP pin is asserted low, the device enters the inactive state disabling the
gate drivers, charge pump, OUTx outputs and protection monitors. Normal operation resumes when the DVDD
undervoltage condition is removed or the nSLEEP pin is asserted high. After a DVDD power on reset (POR), the
POR register bit is asserted until CLR_FLT is issued.

7.4.7.3 PVDD Supply Undervoltage Monitor (PVDD_UV)

If at any time the power supply voltage on the PVDD pin falls below the Vpypp yy threshold for longer than the
tevDD UV DG time, the DRV8000-Q1 detects a PVDD undervoltage condition. After detecting the undervoltage
condition, the gate driver pulldowns are enabled, charge pump disabled, all OUTx disabled, FAULT bit and
PVDD_UV register bit are asserted.

The PVDD undervoltage monitor can recover in two different modes set through the PVDD_UV_MODE register

setting.

» Latched Fault Mode: After the undervoltage condition is removed, the fault state remains latched and all
outputs disabled until CLR_FLT is issued.

» Automatic Recovery Mode: After the undervoltage condition is removed, the FAULT register bit is
automatically cleared and the outputs are re-enabled. The PVDD_UV register bit remains latched until
CLR _FLT is issued.

7.4.7.4 PVDD Supply Overvoltage Monitor (PVDD_OV)

In the DRV8000-Q1, there are two Vpypp ov thresholds, a low and high threshold. The overvoltage response
options are dependent on the driver outputs configured (High-side, EC, Heater driver, Gate driver, Half-bridge
drivers). There are two fault status bits available PVDD_OV_22V and PVDD_OV_28V in IC_STAT1.

The PVDD overvoltage monitor can respond and recover in two different modes set through the

PVDD_OV_MODE register setting.

» Latched Fault Mode (0b): After detecting the overvoltage condition, all drivers are disabled and FAULT
register bit, and PVDD_OV_22V or PVDD_OV_28V register bit are asserted. After the overvoltage condition
is removed, the fault state remains latched until CLR_FLT is issued.

« Automatic Recovery Mode (1b): After detecting the overvoltage condition, all drivers are disabled and
FAULT register bit, and PVDD_OV_22V or PVDD_OV_28V register bit asserted. After the overvoltage
condition is removed, the FAULT register bit is automatically cleared and the driver automatically reenabled.
The PVDD_QOV_22V or PVDD_QOV_28V register bit remains latched until CLR_FLT is issued.
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High-side, EC and heater drivers overvoltage fault (PVDD_OV_22V):

» High-side, EC and heater drivers shutoff when Vpypp > low Vpypp threshold voltage (22V).
 PVDD_OV_22V fault status is defined in High-side, EC and heater drivers PVDD Overvoltage Behavior table.
*« No PVDD_OV_LVL setting available for High-side, EC and heater drivers outputs

« PVDD_OV_MODE can be set to fault response Latched Fault or Automatic Recovery modes.

Table 7-46. High-side, EC and Heater Drivers PVDD Overvoltage Behavior

PVDD Voltage High-side, EC and Heater| PVDD_OV_22V Status PVDD_OV_28V FAULT
Drivers

Vpypp <22V Normal Operation Ob Not Applicable Ob

Vpypp > 22V Shutdown 1b Not Applicable 1b

Half-bridges and gate driver overvoltage fault (PVDD_OV_22V or PVDD_OV_28V):

» Half-bridges and Gate drivers support warning or shutoff when Vpypp > low Vpypp threshold voltage (22V) or
shutoff for high Vpypp threshold voltage (28V).

 PVDD_OV_22V has a configurable warning or fault condition using register PVDD_OV_LVL setting available
for these driver outputs as defined in Half-bridges and Gate driver PVDD Overvoltage Behavior table.

* The deglitch time for PYDD_OV_22V can be adjusted through the PVDD_OV_DG register settings.

« PVDD_OV_MODE can be set to fault response Latched Fault or Automatic Recovery modes.

Table 7-47. Half-Bridges and Gate Driver PVDD Overvoltage Behavior

PVDD_OV_LVL PVDD Voltage | Half-Bridges and |High-Side, EC PVDD_OV_22V | PVDD_OV_28V |FAULT
Gate Drivers | and Heater
Drivers
Ob Vpvpp <22V Normal Operation | Normal Operation Ob Ob Ob
0b Vpypp > 22V Shutdown Shutdown 1b 0b 1b
1b Vpypp <22V Normal Operation | Normal Operation Ob 0b Ob
1b 28 V> Vpypp > 22 | Normal Operation | Shutdown 1b Ob 1b
Vv with Warning
1b Vpevpp > 28 V Shutdown Shutdown 1b 1b 1b

7.4.7.5 VCP Charge Pump Undervoltage Lockout (VCP_UV)

If at any time the voltage on the VCP pin falls below the Vycp yy threshold for longer than the tycp yv pg time,
the DRV8000-Q1 detects a VCP undervoltage condition. After detecting the undervoltage condition, all outputs
are disabled, the gate driver pulldowns are enabled and FAULT register bit, and VCP_UV register bit is asserted.
The undervoltage threshold can be adjusted through the register setting.

The VCP undervoltage monitor can recover in two different modes set through the VCP_UV_MODE register

setting.

» Latched Fault Mode: Additionally the charge pump is disabled in latched fault mode. After the undervoltage
condition is removed, the fault state remains latched and charge pump disabled until CLR_FLT is issued.

» Automatic Recovery Mode: After the undervoltage condition is removed, the FAULT register bit is cleared
and the driver automatically reenabled. The VCP_UV register bit remains latched until CLR_FLT is issued.

7.4.7.6 Thermal Clusters

As there are multiple drivers and types of drivers on this device, there are multiple dedicated thermal sensors
located on chip to monitor key block temperatures on the chip. Each of these sensors, called thermal clusters,
measure local die temperature for specific device blocks. These measurements are converted to a current for
output on IPROPI pin, used to trigger temperature warnings or to shutdown a specific cluster which is exceeding
acceptable temperature range or the entire device.

The device response to thermal cluster warnings can be configured with bit OTSD_MODE in the IC_CNFG1
register:
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« Default mode (OTSD_MODE = 0b): if any cluster reaches thermal shutdown threshold for longer than
torsp pe, the entire device is shutoff.

+ Cluster mode (OTSD_MODE = 1b): if a cluster reaches thermal shutdown threshold for longer than toTsp pa,
only that cluster is shutoff. N

There are four zones defined with thermal clusters, shown in the table and diagram below:
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Figure 7-32. Thermal Sensor Zones

Table 7-48. Thermal Cluster Locations

Thermal Cluster 1

Thermal Cluster 2

Thermal Cluster 3

Thermal Cluster 4

OUTS5, OUT1 and OUT2

OUT3, OUT4 and OUT6

High-side drivers

Global and remaining drivers

For each zone, there are comparator-based warnings for two temperature points, 125°C for low and 145°C for
high. Bit ZONEX_OTW_X (L or H) is latched in register IC_STAT2. Each warning can be individually disabled
with bit ZONEX_OTW_X _DIS in register IC_CNFG2. If overtemperature shutdown occurs, ZONEX_ OTSD bit is
latched in register IC_STAT2.

7.4.7.7 Watchdog Timer

The device integrates a programmable window type SPI watchdog timer to verify that the external controller
is operating and the SPI bus integrity is monitored. The SPI watchdog timer can be enabled by through the
WD_EN SPI register bit. The watchdog timer is disabled by default. When the watchdog timer is enabled,
an internal timer starts to count up. The watchdog timer is reset by inverting the WD_RST SPI register. This
WD_RST must be issued between the lower window time and the upper window time. If a watchdog timer fault
is detected, the device response can be configured to either report only a warning or report a fault and disable
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all drivers. The watchdog fault can be cleared with a CLR_FLT command. If the watchdog is set to disable all
drivers, the drivers are enabled after a CLR_FLT command is sent to remove the watchdog fault condition. To
restart the watchdog after clear fault, disable and re-enable watchdog using WD_EN bit.

7.4.7.8 Fault Detection and Response Summary Table

DIGITAL | CHARGE FAULT/ FUNCTIONAL STATUS BIT
FAULT EVENT CONDITION MODE CORE PUMP DRIVERS STATUS BIT WARN RECOVERY RECOVERY
. ) o ) ) Gate drivers DRVOFF = Low
Disable Gate Driver | DRVOFF = High |N/A Active Active are Pulldown DRVOFF_STAT |[NA and CLR_FLT CLR_FLT
SPI_OK,
. SCLK_FLT, Reject
SPI Clock Fault Pr\;?.:g SPI Clock Latched |Active Active Active Frame NA Valid SPI frame CLR_FLT
SPI_ERR on SDO
frame
SPI Address Fault |Addressoutof ) Jied |Active  |Active | Active SPI_ERRin SDO |z Valid SPI frame NA
range frame
DVDD Power-on- DVDD < . Semi-Active DvDD >
Reset vovop_Por | VA Reset  |Disabled |p jown  |POR NA VDVDD_POR CLR_FLT
PVDD_UV PVDD >
Latched |Active Disabled |Pulldown OV/UV on SDO FAULT VPVDD_UV and CLR_FLT
PVDD PVDD < frame CLR_FLT
Undervoltage VPVDD_UV PVDD UV PVDD
. . . - >
Automatic | Active Disabled |Pulldown OV/UV on SDO FAULT VPVDD_UV CLR_FLT
frame
VCP_UV
Latched |Active Disabled |Pulldown OV/UV on SDO FAULT VCP > VVCP_UV CLR_FLT
frame and CLR_FLT -
VCP Undervoltage |VCP < VVCP_UV
VCP_UV
Automatic | Active Active Pulldown OV/UV on SDO FAULT VCP >VVCP_UV |CLR_FLT
frame
PVDD_OV_22V PVDD
Latched |Active Active Pulldown OV/UV on SDO FAULT <VPVDD_OV_LO |CLR_FLT
PVDD OV LVL = frame and CLR_FLT
0 PVDD > 22V PVDD_OV_22V PVDD
Automatic | Active Active Pulldown OV/UV on SDO FAULT <VPVDD OV LO CLR_FLT
frame - =
EC, Heater |PVDD_OV_22V PVDD
Latched |Active Active and HS are | OV/UV on SDO FAULT <VPVDD_OV_LO |CLR_FLT
PVDD_OV_LVL = Pulldown frame and CLR_FLT
128V > PVDD >
PVDD Overvoltage |22V EC, Heater |PVDD_OV_22V PVDD
Automatic | Active Active and HS are |OV/UV on SDO FAULT CLR_FLT
<VPVDD_OV_LO -
Pulldown frame - =
PVDD_OV 26’ PVOD
Latched |Active Active Pulldown S FAULT <VPVDD_OV_LO |CLR_FLT
OV/UV on SDO
and CLR_FLT
PVDD_OV_LVL = frame
1 PVDD > 28V PVDD_OV_22V,
. ) . PVDD_OV_28V PVDD
Automatic | Active Active Pulldown OV/UV on SDO FAULT <VPVDD_OV_LO CLR_FLT
frame
. . Gate drivers |GD, VDS_Lx, VDS<VDS_LVL and
Latched |Active Active are Pulidown | VDS_Hx FAULT CLR_FLT CLR_FLT
. VDS_VDS_LVL and
. . Gate drivers |GD, VDS_Lx, - —
Gate Driver VDS VDS > VVDS LVL Cycle Active Active are Pulidown | VDS_Hx FAULT (CLR_FLT orinput |CLR_FLT
Overcurrent - cycling)
. ) ) ) GD, VDS_Lx,
Warning | Active Active Active VDS, Hx WARN NA CLR_FLT
Disabled |Active Active Active NA NA NA NA
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DIGITAL | CHARGE FAULT/ FUNCTIONAL STATUS BIT
FAULT EVENT CONDITION MODE CORE PUMP DRIVERS STATUS BIT WARN RECOVERY RECOVERY
. . Gate drivers |GD, VGS_Lx, VGS<VVGS_LVL
Latched |Active Active are Pulldown |VGS_Hx FAULT and CLR_FLT CLR_FLT
. VGS<VGS_LVL
FET OFF Cycle  |Active |Active |Catedrivers |GD,VGS Lx, ey 1 land (CLR_FLTor |CLR_FLT
VGS > are Pulldown | VGS_Hx ) ;
input cycling)
VVGS_LVL oD VGS L
. . . . ) _LX,
Warning | Active Active Active VGS_ Hx WARN NA CLR_FLT
Disabled |Active Active Active NA NA NA NA
VGS Gate Fault Gate dri GD, VGS_L VGS>VVGS_LVL
. . ate drivers s _LXx, > _|
Latched |Active Active are Pulldown |VGS_Hx FAULT and CLR_FLT CLR_FLT
. VGS>VGS_LVL
FET ON Cycle  |Active |Active |C3tedrivers |GD, VGS Lx, FAULT  |and (CLR_FLTor |CLR_FLT
VGS < are Pulldown |VGS_Hx ) :
input cycling)
VWVGS_LVL Soves L
. . . . ) _LX,
Warning | Active Active Active VGS_Hx WARN NA CLR_FLT
Disabled |Active Active Active NA NA NA NA
Half-bridge HB,
Overcurrent Fault |IOUTx >I0CPx |Latched |Active  |Active | 41oo®0  |OUTx HS_OCP, |FAULT | SUTX<10CPXand|qig gy
(OUT1-0UT6) OUTx_LS_OCP -
Half-bridge active IOUTx < HB, I0UTx >
open load Fault IOLA OUTx Latched |Active Active Active OUTx_HS_OLA,O | WARN IOLA_OUTx and CLR_FLT
(OUT1-0UT6) - UTx_LS_OLA CLR_FLT
High-side Driver HS, ITRIP,
overcurrent Fault S(ngT(;(U;TleF:(_)E:’\)I( Latched |Active  |Active dA:iff::e:i_z OUTx_ITRIP_STA | FAULT '((:)L%T’;:ET'OCX and o R FLT
(OUT7-0UT12) T -
High-side Driver HS, ITRIP,
OUTx ITRIP S1U;3(D!|:FXR>IF:6IE(:,:‘( Latched |Active Active Active OUTx_ITRIP_STA |[NA I0UTx < I0Cx CLR_FLT
(OUT7-0UT12) T
High Side driver VOUTx >
short circuit fault \T/OUTX<VSC—DE Latched |Active | Active Q:\‘fg:e:i_z HS, OUTx_OCP |FAULT |VSC_DET and CLR_FLT
(OUT7-12) CLR_FLT
High-side Driver
open load Fault IOUTx <IOLDx |Latched |Active  |Active  |Active HS, OUTx_OLA |WARN '(S_LQXFET'OLDX and | o R FLT
(OUT7-0UT12) —
ECFB_OV_MOD
E=00b or 11b . . . .
VECFB>VECFB_ Disabled |Active Active Active NA NA NA NA
OV_TH
ECFB_OV_MOD
E=01b . . . EC_HEAT,
ECFB Overvoltage VECFB>VECFB_ Latched |Active Active Active ECFB_OV NA NA CLR_FLT
OV_TH
ESE;:;OV_MOD EC HEAT VECFB<VECFB_O
VECFB>VECFB_ Latched |Active Active EC driver Hiz ECI_:B_OV FAULT V_TH and CLR_FLT
CLR_FLT
OV_TH _
.. |ECFB_DIAG=01b EC_HEAT,
ECFB short cirouit |\ ecFRVECFB | Automatic |Active  |Active | NA ECFB_DIAG_STA |NA VECFB > NA
(passive) VECFB_SC_TH
SC_TH T
ECFB_DIAG=10b
— EC_HEAT,
ECFB open load VECFB . ) . = . VECFB
(passive) >VECFB_OLP_T Automatic | Active Active NA ECFB_DIAG_STA NA <VECFB_OLP_TH NA
H
ECFB Above Target | VECFB>VECFB_ | A jtomatic | Active  |Active | Active EC_HEAT, NA VECFB<VECFB_HI |NA
Voltage HI ECFB_HI
ECFB Below Target | VECFB<VECFB_ . . . . EC_HEAT, VECFB>VECFB_L
Voltage LO Automatic | Active Active Active ECFB_LO NA o NA
EC_FLT_MODE=
ECFB Overcurrent |\ F crg> Latched |Active |Actve |ECFBHi-z |EC-HEAT, FAULT |ECFB<IOC_ECFB |0\ g 7
(discharge) ECFB_OC and CLR_FLT
I0C_ECFB
IECFB>
ECFB Open load IECFB< . . . EC_HEAT,
active (discharge) |IOL_ECFB_LS Latched |Active Active Active ECFB_OL WARN I((;)LI_§E|=(|:_"T'B_LS and |CLR_FLT
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DIGITAL | CHARGE FAULT/ FUNCTIONAL STATUS BIT
FAULT EVENT CONDITION MODE CORE PUMP DRIVERS STATUS BIT WARN RECOVERY RECOVERY
. VHEAT_VDS <
Latched |Active  |Active gjﬁ‘éiui \E/géHEAT'HEAT— FAULT |VDS_LVL HEAT |CLR FLT
and CLR_FLT
VHEAT_VDS <
Heater VDS VHEAT VDS > c . . Heater is EC_HEAT,HEAT_ VDS_LVL_HEAT
— ycle Active Active FAULT CLR_FLT
Overcurrent Fault | VDS_LVL_HEAT Pulldown VDS and (CLR_FLT or
PWM)
Warning | Active Active Active ECD;éHEAT’HEAT— WARN NA CLR_FLT
Disabled |Active Active Active NA NA NA NA
) VSH_HS <
Heater VDS Open | VSH_HS > Latched |Active |Active |Heateris  |EC HEATHEAT a1 |VOL HEATand  |CLR_FLT
load Fault VOL_HEAT Pulldown oL — -
CLR_FLT
oTW,
Zone X Thermal TJ> . . . . ’ Td <
. Automatic | Active Active Active ZONEx_OTW_L, [NA NA
Warning TOTW1,TOTW2 ZONEx_OTW_H TOTW1,TOTW2
Zone X Thermal Semi-Active | yrqp TJ < TOTSD and
Shutdown TJ>TOTSD Latched |Active Disabled ;ulldown, Hi- ZONEX_OTSD FAULT CLR_FLT CLR_FLT
WD_FLT_M=0b, CLR_FLT and
Watchdog Invalid Access or |Warning | Active Active Active WD_FLT WARN WD_EN disable CLR_FLT
Expiration and re-enable
WD_FLT_M=1b, CLR_FLT and
Watchdog Invalid Access or |Latched |Active Active Pulldown WD_FLT FAULT WD_EN disable CLR_FLT
Expiration and re-enable

7.5 Programming
7.5.1 Serial Peripheral Interface (SPI)

An SPI bus is used to set device configurations, operating parameters, and read out diagnostic information on
the DRV8000-Q1 device. The SPI operates in peripheral mode and connects to a controller. The SPI input data
(SDI) word consists of a 24 bit word, with an 8 bit command and 16 bits of data. The SPI output data (SDO) word
for read commands consists of the fault status indication bits and then the register data being accessed for read
commands. The SDO word for write commands consists of the fault status followed by the existing data in the
written register. The data sequence between the MCU and the SPI peripheral driver is shown in Figure 7-33.

nSCS

Al D1
SDI
SDO

S1 R1

Figure 7-33. SPI Data Frame

A valid frame must meet the following conditions:

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

* The nSCS pin is pulled high between words.
*  When the nSCS pin is pulled high, any signals at the SCLK and SDI pins are ignored and the SDO pin is
placed in the Hi-Z state.
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» 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 24 SCLK cycles must occur for transaction to be valid.

« If the data word sent to the SDI pin is less than or more than 24 bits, a frame error (SCLK_FLT) occurs and
the data word is ignored.
« For a write command, following the 16-bit command data, the existing data in the register being written to is
shifted out on the SDO pin starting with fault status byte then 16-bit data .

7.5.2 SPI Format

nSCS

SCLK

SDI

SDO

Capture
Point

Propagate
Point

MSB

MSB

o)

Figure 7-34. SPI peripheral Timing Diagram

The SDI input data word is 24 bits long and consists of the following format:
« MBSB bit indicates frame type (bit B23 = 0 for standard frame)
* 1 read or write bit, W (bit B22, write = 0, read = 1)
* 6 address bits, A (bits B21 through B16)
» 16 data bits, D (bits B15 through B0). For a read operation, these bits are typically set to null values, while for

a write operation, these bits have the data value for the addressed register.

Table 7-49. SDI Input Data Word Format

R/W Address Data
Bit |B23|B22|B21|B20|B19|B18|B17 |B16 |B15|B14 |B13|B12|B11|B10| B9 | B8 | B7 | B6 | B5 | B4 | B3 | B2 | B1 | BO
D:t 0 |WO|A5| A4 | A3 | A2 | A1 | A0 |D15|D14|D13|D12|D11|D10| D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO

The SDO output data word is 24 bits long and the first 8 bits makes up the IC status register. The report word is
the content of the register being accessed.

For a write command (WO = 0), the response word consists of the fault status indication bits followed by the
existing data in the register being written to.

For a read command (WO = 1), the response word consists of the fault status indications bits followed by the
data currently in the register being read.
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Table 7-50. SDO Output Data Word Format

IC Status Report

B15 | B14 | B13 | B12 | B11 | B10 | B9 | B8
B7 | B6 | B5 | B4 | B3 | B2 | B1 | BO
oV U spiE| D15 | D14 | D13 | D12 | D11 | D10 | D9 | D8

Data 1 1 |FAULT|WARN| ~\=" | DRV | OTSD
\ RR D7 D6 D5 D4 D3 D2 D1 DO

Bit B23 | B22 B21 B20 B19 | B18 | B17 B16

* FAULT - 'OR' of any device fault (global or driver)

* WARN - 'OR' of any device warnings

+ OV_UV-'OR'of PVDD, VCP overvoltage and undervoltage status
* DRV -'OR' of any driver fault

* OTSD - Set when over temperature shutdown occurs

* SPI_ERR - Set when incorrect number of SCLKs received

7.5.3 Timing Diagrams

tH_nscs
«—
|

. tHinscs | tsu nscs
<—>:<—>'
|

I
nSCS *
I

|
|
|
|
T
|
|
I«
|
|

X N X

|
|
|
|
T | :

SDI X : ><MSB | X

|

T |
| : I'tsu_spi | tH_soi i |
I I —— I
| | :
: : | )5 | |

SDO z 1 X MsB K ><LSB ! X z
| | .
: I'tp_spo : ” :tms,nscs:
| | ! I

Figure 7-35. SPI Timing Diagram
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8 DRV8000-Q1 Register Map

DRV8000-Q1 Register Map lists the memory-mapped registers for the DRV8000-Q1. All register addresses not
listed are considered as reserved locations and the register contents are not modified. Descriptions of reserved
locations are provided for reference only. The device ID table summarizes the device IDs for DRV800x devices.

Table 8-1. Device ID Summary

Device Device ID
DRV8000-Q1 Reg Address 0x8h, DEVICE_ID=0x02
DRV8001-Q1 Reg Address 0x8h, DEVICE_ID=0x12
DRV8002-Q1 Reg Address 0x8h, DEVICE_ID=0x22
Table 8-2. DRV8000-Q1 Register Map
15 14 13 12 1 10 9 8
Name Type | Addr
7 6 5 4 3 2 1 0
SPI_OK POR FAULT WARN GD HB EC_HEAT HS
IC_ STAT1 R | 00h
PVDD_UV | PVDD_OV_22V VCP_UV oTW OTSD WD_FLT ITRIP PVDD_OV_28V
DEVICE_ERR RSVD SCLK_FLT RSVD ZONE4_OTSD | ZONE3_OTSD | ZONE2_OTSD | ZONE1_OTSD
IC_STAT2 R | 01h
- ZONE4_OTW_H | ZONE3_OTW_H | ZONE2_OTW_H | ZONE1_OTW_H | ZONE4_OTW_L | ZONE3_OTW_L | ZONE2_OTW_L | ZONE1_OTW_L
DRVOFF_STAT_| hovOFF STAT | STC WARN_R | STC_WARN_F | PCHR_WARN | PDCHR WARN IDIR IDIR_WARN
GD_STAT FB R | 02h
VGS_L2 VGS_H2 VGS_L1 VGS_H1 VDS_L2 VDS_H2 VDS_L1 VDS_H1
"B STATH RSVD OUT6_LS_OCP | OUT5_LS_OCP | OUT4_LS_OCP | OUT3_LS_OCP | OUT2_LS_OCP | OUT1_LS_OCP e | o
- RSVD OUT6_HS_OCP | OUT5_HS_OCP | OUT4_HS_OCP | OUT3_HS_OCP | OUT2_HS_OCP | OUT1_HS_OCP
RSVD HB_OLP_STAT | OUT6_LS_OLA | OUT5_LS_OLA | OUT4_LS_OLA | OUT3_LS_OLA
HB_STAT2 R | 04h
OUT2_LS_OLA | OUT1_LS_OLA | OUT6_HS_OLA | OUT5_HS_OLA | OUT4_HS_OLA | OUT3_HS_OLA | OUT2_HS_OLA | OUT1_HS_OLA
ECFBDIAGST | Ecrg ov ECFB_HI ECFB_LO ECFB_OC ECFB_OL HEAT_OL HEAT_VDS
EC_HEAT_ITRIP_ AT R | osn
STAT RSVD OUT7_ITRIP_ST | OUT6_ITRIP_ST | OUT5_ITRIP_ST | OUT4_ITRIP_ST | OUT3_ITRIP_ST | OUT2_ITRIP_ST | OUT1_ITRIP_ST
AT AT AT AT AT AT AT
RSVD OUT12_OLA OUT11_OLA OUT10_OLA OUT9_OLA OUT8_OLA OUT7_OLA
HS_STAT R | 06h
RSVD OUT12_OCP | OUT11_OCP | OUT10_OCP OUT9_OCP ouT8_OCP OUT7_OCP
RSVD
HS_ITRIP_STAT RSVD ECFB_LS_ITRIP RSVD OUT12_ITRIP_S | OUT11_ITRIP_S | OUT10_ITRIP_S | OUT9_ITRIP_ST | OUT8_ITRIP_ST| R | 07h
_STAT TAT TAT TAT AT AT
RSVD
SPARE_STAT2 R | 08h
DEV_ID
OTSD_MODE DIS_CP RSVD PVDD—(EV—MOD PVDD_OV_DG PVDD_OV_LVL | VCP_UV_LVL
IC_CNFG1 RW | 09h
CP_MODE VCP_UV_MODE PVDD—EV—MOD WD_EN WD_FLT_M WD_WIN EN_SSC
RSVD
IC_CNFG2 | 70NE4_OTW_H | ZONE3_OTW_H | ZONE2_OTW_H | ZONE1_OTW_H | ZONE4_OTW_L | ZONE3_OTW _L | ZONE2_OTW_L | ZONE1_OTw_L | R/W | OAh
_DIS _DIS DIS _DIS _DIS _DIS _DIS _DIS
RSVD IDRV_LO1 IDRV_LO2 PU_SH_1 PD_SH_1 PU_SH_2 PD_SH_2
GD_CNFG RW | 0Bh
RSVD IN2_MODE IN1_MODE BRG_FW BRG_MODE EN_OLSC EN_GD
IDRVP_1 IDRVN_1
GD_IDRV_CNFG RW | 0Ch
IDRVP_2 IDRVN_2
RSVD VGS_IND VGS_TDEAD RSVD
GD_VGS_CNFG RW | ODh
RSVD VGS_TDRV VGS_HS_DIS VGS_LVL VGS_MODE
RSVD VDS_IND VDS_IDRVN VDS_HS_LVL
GD_VDS_CNFG RW | OEh
VDS_MODE VDS_DG VDS_LS_LVL
RSVD
GD_CSA_CNFG RW | OFh
CSA _BLK CSA_BLK_SEL CSA_GAIN CSA_DIV CSA_EN
RVSD PDR_ERR AGD_ISTRONG AGD_THR SET_AGD FW_MAX
GD_AGD_CNFG RW | 10h
EN_DCC IDIR_MAN KP_PST EN_PST_DLY KP_PDR EN_PDR
PRE_MAX T_DON_DOFF
GD_PDR_CNFG RW | 11h
T_PRE_CHR T_PRE_DCHR PRE_CHR_INIT PRE_DCHR_INIT

Copyright © 2026 Texas Instruments Incorporated

Product Folder Links: DRV8000-Q1

Submit Document Feedback

85


https://www.ti.com
https://www.ti.com/product/DRV8000-Q1
https://www.ti.com/lit/pdf/SLVSH22
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLVSH22B&partnum=DRV8000-Q1
https://www.ti.com/product/drv8000-q1?qgpn=drv8000-q1

DRV8000-Q1

SLVSH22B — MAY 2024 — REVISED JANUARY 2026

13 TEXAS
INSTRUMENTS

www.ti.com

Table 8-2. DRV8000-Q1 Register Map (continued)

15 14 13 12 1 10 9 8
Name Type | Addr
7 6 5 4 3 2 1 0
RSVD IDIR_MAN_SEL
GD_STC_CNFG RW | 12h
T_RISE_FALL STC_ERR KP_STC EN_STC
GD_SPARE_CNF RSVD RW | 13h
RSVD OUT6_ITRIP_DG OUT5_ITRIP_DG
HB_ITRIP_DG RW | 14h
OUT4_ITRIP_DG OUT3_ITRIP_DG OUT2_ITRIP_DG OUT1_ITRIP_DG
RSVD ‘NSR_OUTG_DIS NSR_OUT5_DIS | NSR_OUT4_DIS | NSR_OUT3_DIS | NSR_OUT2_DIS | NSR_OUT1_DIS | IPROPI_SH_EN
HB_OUT_CNFG1 RW | 15h
RSVD OUT6_CNFG OUT5_CNFG
RSVD OUT4_CNFG OUT3_CNFG
HB_OUT_CNFG2 RW | 16h
OUT2_MODE ‘ OUT1_MODE OUT2_CNFG OUT1_CNFG
RSVD OUT6_OCP_DG OUT5_OCP_DG
HB_OCP_CNFG RW | 17h
OUT4_OCP_DG OUT3_OCP_DG OUT2_OCP_DG OUT1_OCP_DG
RSVD HB_OLP_CNFG HB_OLP_SEL
HB_OL_CNFG1 RW | 18h
RSVD OUT6_OLA_EN | OUT5_OLA_EN | OUT4_OLA_EN | OUT3_OLA_EN | OUT2_OLA_EN | OUT1_OLA_EN
RSVD OUT6_OLA_TH OUT5_OLA_TH
HB_OL_CNFG2 RW | 19h
OUT4_OLA_TH OUT3_OLA_TH OUT2_OLA_TH OUT1_OLA_TH
RSVD OUT6_SR OUT5_SR
HB_SR_CNFG RW | 1Ah
OUT4_SR OUT3_SR OUT2_SR OUT1_SR
OUT67’I\‘TRIP7E OUT57,I\'II'RIP7E OUT47,I\‘TRIP7E OUT37,I\;I'RIP7E OUT27'I\‘TRIP7E OUT17’I\“I'RIP7E OUT6. ITRIP_LVL
HB_ITRIP_CNFG RW | 1Bh
OUT5_ITRIP_LVL OUT4_ITRIP_LVL OUT3_ITRIP_LVL OUT2—'IR'P—"V OU”—'IR'P—"V
RSVD HB_TOFF_SEL OUT6_ITRIP_FREQ OUT5_ITRIP_FREQ
HB_ITRIP_FREQ OUT2_ITRIP_PWM_FREQ/ OUT1_ITRIP_PWM_FREQ/ RW | 1Ch
OUT4_ITRIP_FREQ OUT3_ITRIP_FREQ PWM OUT2 FREQ PWM OUT1. FREQ
HS_HEAT OUT_ HEAT_CNFG RSVD OUT12_CNFG OUT11_CNFG aw | 1o
CNFG OUT10_CNFG OUT9_CNFG OUT8_CNFG OUT7_CNFG
RSVD omﬁﬁgc_mo RSVD
HS_OC_CNFG RW | 1Eh
RSVD OUT12_0C_TH | OUT11_OC_TH | OUT10_OC_TH | OUT9_OC_TH | ouTs_OC_TH | OVTT.RDSON
RSVD OUT12_OLA_TH | OUT11_OLA_TH |OUT10_OLA_TH| OUT9_OLA TH | OUT8 OLA_TH RSVD
HS_OL_CNFG RW | 1Fh
- RSVD OUTQNO"A—E OUT11_OLA_EN OUTwNO"A—E OUT9_OLA_EN | OUT8 OLA_EN | OUT7 OLA EN
RSVD
HS_REG_CNFG1 RW | 20h
- OUW—L‘TR'P—E RSVD OUT7_ITRIP_FREQ OUT7_ITRIP_DG
RSVD OUTQBCCM—T OUT116CCM—T OUTmaCCM—T OUT9_CCM_TO | OUT8_CCM_TO | OUT7_CCM_TO
HS_REG_CNFG2 RW | 21h
RSVD OUTQNCCM—E OUT”NCCM—E OUTmT\‘CCM—E OUT9_CCM_EN | OUT8_CCM_EN | OUT7_CCM_EN
HS_PWM_FREQ RSVD PWM_OUT12_FREQ PWM_OUT11_FREQ aw | 22
_CNFG PWM_OUT10_FREQ PWM_OUT9_FREQ PWM_OUT8_FREQ PWM_OUT7_FREQ
RSVD HEAT_VDS_LVL
HEAT_CNFG RW | 23h
HEAT_VDS_MODE HEAT_VDS_BLK HEAT_VDS_DG HEAT_OLP_EN ‘ RSVD
ECFB_DIAG EC_OUT11_OCP_DG ECFB_SC_RSEL ECFB_OV_DG
EC_CNFG RW | 24h
RSVD ECFB_OV_MODE EC_FLT_MODE | ECFB_LS_PWM | EC_OLEN ‘ ECFB_MAX
RSVD HS_OUT_ITRIP_FREQ HS_OUT_ITRIP_DG
HS_REG_CNFG3 RSVD HS_OUT12_ITRI | HS_OUT11_ITRI | HS_OUT10_ITRI | HS_OUTY_ITRI | HS_OUTS_ITRI | R/W | 25h
P_EN P_EN P_EN P_EN P_EN
SPARE_CNFG2 RSVD RW | 26h
RSVD OUT1_DC
OUT1_HS_MODE ‘ _ _RW | 270
_bc OUT1_DC
RSVD 0UT2_DC
OUTz_HDsC_MODE ‘ | rw | 28n
_ ouUT2_DC
RSVD IPROPI_MODE IPROPI_SEL
IC_CTRL RW | 29h
CTRL_LOCK CNFG_LOCK ‘ WD_RST CLR_FLT
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Table 8-2. DRV8000-Q1 Register Map (continued)

15 14 13 12 1 10 9 8
Name Type | Addr
7 6 5 4 3 2 1 0
S_HIZ2 S_HIZ1 S_IN2 S_IN1 OUT6_CTRL OUT5_CTRL
GD_HB_CTRL RW | 2Ah
OUT4_CTRL OUT3_CTRL OUT2_CTRL OUT1_CTRL
HS EC HEAT C | ECFB_LS EN EC_ON EC_V_TAR aw | 28
TRL HEAT_EN RSVD OUT12_EN OUT11_EN OUT10_EN OUT9_EN OUT8_EN OUT7_EN
RSVD OUT7_DC
OUT7_PWM_DC RW | 2Ch
OUT7_DC
RSVD ‘ oUT8_DC
OUT8_PWM_DC RW | 2Dh
OUT8_DC
RSVD ‘ 0UT9_DC
OUT9_PWM_DC RW | 2Eh
0UT9_DC
RSVD ‘ OUT10_DC
OUT10_PWM_DC RW | 2Fh
OUT10_DC
RSVD ‘ OUT11_DC
OUT11_PWM_DC RW | 30h
OUT11_DC
RSVD ‘ OUT12_DC
OUT12_PWM_DC RW | 31h
OUT12_DC
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8.1 DRV8000-Q1_STATUS Registers

Table 8-3 lists the memory-mapped registers for the DRV8000-Q1_STATUS registers. All register offset
addresses not listed in Table 8-3 should be considered as reserved locations and the register contents should
not be modified.

Table 8-3. DRV8000-Q1_STATUS Registers

Offset Acronym Register Name Section
Oh IC_STAT1 Device status summary 1. Section 8.1.1
1h IC_STAT2 Device status summary 2. Section 8.1.2
2h GD_STAT Gate driver status. Section 8.1.3
3h HB_STAT1 Half-bridge overcurrent status. Section 8.1.4
4h HB_STAT2 Half-bridge open-load status. Section 8.1.5
5h EC_HEAT_ITRIP_STAT Electrochrome, Heater, and ITRIP status. Section 8.1.6
6h HS_STAT High-side driver status. Section 8.1.7
7h HS_ITRIP_STAT Electrochrome and High-side ITRIP status Section 8.1.8
8h SPARE_STAT2 Spare status 2. Section 8.1.9

Complex bit access types are encoded to fit into small table cells. Table 8-4 shows the codes that are used for
access types in this section.

Table 8-4. DRV8000-Q1_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
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8.1.1 IC_STAT1 Register (Offset = 0h) [Reset = C000h]
IC_STAT1 is shown in Table 8-5.

Return to the Summary Table.

Main device status register for driver, supply and over temperature fault status. Also includes watchdog and

ITRIP regulation fault status.

Table 8-5. IC_STAT1 Register Field Descriptions

Bit Field Type Reset Description
15 SPI_OK R 1h Indicates if a SPI communications fault has been detected.
0b = One or multiple of SCLK_FLT in the prior frames.
1b = No SPI fault has been detected.
14 POR R 1h Indicates power-on-reset condition.
0b = No power-on-reset condition detected.
1b = Power-on reset condition detected.
13 FAULT R Oh General Fault indicator. Indicates a device or driver fault has
occurred.
0b = No fault.
1b = Fault detected.
12 WARN R Oh General warning indicator. Indicates a warning is present.
0b = No warning.
1b = Warning is present.
11 GD R Oh Logic OR of VDS and VGS fault indicators for gate driver.
10 HB R Oh Logic OR of overcurrent and open load fault indicators for half-
bridges.
9 EC_HEAT R Oh Logic OR of EC QV, overcurrent, open load fault indicators for EC
and heater.
8 HS R Oh Logic OR of overcurrent, short-circuit and open load fault indicators
for integrated high-side drivers.
7 PVDD_UV R Oh Indicates undervoltage fault on PVDD pin.
6 PVDD_OV_22V R Oh Indicates overvoltage fault on PVDD pin greater than 22 V.
5 VCP_UV R Oh Indicates undervoltage fault on VCP pin.
4 oTW R Oh Indicates overtemperature warning.
3 OTSD R Oh Indicates overtemperature shutdown
2 WD_FLT R Oh Indicates watchdog timer fault.
1 ITRIP R Oh Indicates ITRIP regulation warning when any OUTx entered ITRIP.
0 PVDD_OV_28V R Oh Indicates overvoltage fault on PVDD pin greater than 28 V.
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8.1.2 IC_STAT2 Register (Offset = 1h) [Reset = 0000h]
IC_STAT2 is shown in Table 8-6.

Return to the Summary Table.
Second device status register with SPI faults and specific thermal cluster fault/warning status.
Table 8-6. IC_STAT2 Register Field Descriptions

Bit Field Type Reset Description

15 DEVICE_ERR R Oh Indicates device OTP memory error has occurred.

14 RESERVED R Oh Reserved

13 SCLK_FLT R Oh Indicates SPI clock (frame) fault when the number of SCLK pulses in
a transaction frame are not equal to 24 bits, 1 byte address and two
bytes data. Reported on bit SPI_ERR.

12 RESERVED R Oh Reserved

11 ZONE4_OTSD R Oh Indicates overtemperature shutdown has occurred in zone 4.

10 ZONE3_OTSD R Oh Indicates overtemperature shutdown has occurred in zone 3.

9 ZONE2_OTSD R Oh Indicates overtemperature shutdown has occurred in zone 2.

8 ZONE1_OTSD R Oh Indicates overtemperature shutdown has occurred in zone 1.

7 ZONE4_OTW_H R Oh Indicates high temperature warning (above 145°C) has occurred in
zone 4.

6 ZONE3_OTW_H R Oh Indicates high temperature warning (above 145°C) has occurred in
zone 3.

5 ZONE2_OTW_H R Oh Indicates high temperature warning (above 145°C) has occurred in
zone 2.

4 ZONE1_OTW_H R Oh Indicates high temperature warning (above 145°C) has occurred in
zone 1.

3 ZONE4_OTW_L R Oh Indicates low temperature warning (above 125°C) has occurred in
zone 4.

2 ZONE3_OTW_L R Oh Indicates low temperature warning (above 125°C) has occurred in
zone 3.

1 ZONE2_OTW_L R Oh Indicates low temperature warning (above 125°C) has occurred in
zone 2.

0 ZONE1_OTW_L R Oh Indicates low temperature warning (above 125°C) has occurred in
zone 1.
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8.1.3 GD_STAT Register (Offset = 2h) [Reset = 0000h]
GD_STAT is shown in Table 8-7.
Return to the Summary Table.

Gate driver status register with all gate driver faults
warnings.

and warnings, including smart gate driver faults and

Table 8-7. GD_STAT Register Field Descriptions

Bit Field Type Reset Description

15 DRVOFF_STAT_FB R Oh DRVOFF analog latched status for gate driver. User can clear status
bit after releasing DRVOFF pin and issuing CLR_FLT command.

14 DRVOFF_STAT R Oh Indicates the latched status (high or low) of DRVOFF pin.
If DRVOFF pin is asserted, DRVOFF_STAT = 1b.
If DRVOFF pin is de-asserted, DRVOFF_STAT = Ob.

13 STC_WARN_R R Oh Indicates rising slew time TDRV overflow for gate driver half-bridge 1
and 2.

12 STC_WARN_F R Oh Indicates falling slew time TDRYV overflow for gate driver half-bridge 1
and 2.

11 PCHR_WARN R Oh Indicates pre-charge underflow or overflow fault for gate driver half-
bridge 1 and 2.

10 PDCHR_WARN R Oh Indicates pre-discharge underflow or overflow fault for gate driver
half-bridge 1 and 2.

IDIR R Oh Indicates current direction for gate driver half-bridge 1 and 2.

8 IDIR_WARN R Oh Indicates unknown current direction for gate driver half-bridge 1 and
2

7 VGS_L2 R Oh Indicates VGS gate fault on the low-side 2 MOSFET.

6 VGS_H2 R Oh Indicates VGS gate fault on the high-side 2 MOSFET.

5 VGS_L1 R Oh Indicates VGS gate fault on the low-side 1 MOSFET.

4 VGS_H1 R Oh Indicates VGS gate fault on the high-side 1 MOSFET.

3 VDS_L2 R Oh Indicates VDS overcurrent fault on the low-side 2 MOSFET.

2 VDS_H2 R Oh Indicates VDS overcurrent fault on the high-side 2 MOSFET.

1 VDS_L1 R Oh Indicates VDS overcurrent fault on the low-side 1 MOSFET.

0 VDS_H1 R Oh Indicates VDS overcurrent fault on the high-side 1 MOSFET.
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8.1.4 HB_STAT1 Register (Offset = 3h) [Reset = 0000h]

HB_STAT1 is shown in Table 8-8.

Return to the Summary Table.

Half-bridge overcurrent faults for either high- or low-side of each half-bridge.

Table 8-8. HB_STAT1 Register Field Descriptions

Bit Field Type Reset Description
15 RESERVED R Oh Reserved
14 RESERVED R Oh Reserved
13 OUT6_LS_OCP R Oh Indicates overcurrent fault on low-side of half-bridge OUT6.
12 OUTS5_LS_OCP R Oh Indicates overcurrent fault on low-side of half-bridge OUTS5.
11 OUT4_LS_OCP R Oh Indicates overcurrent fault on low-side of half-bridge OUT4.
10 OUT3_LS_OCP R Oh Indicates overcurrent fault on low-side of half-bridge OUT3.
9 OUT2_LS_OCP R Oh Indicates overcurrent fault on low-side of half-bridge OUT2.
8 OUT1_LS_OCP R Oh Indicates overcurrent fault on low-side of half-bridge OUT1.
7 RESERVED R Oh Reserved
6 RESERVED R Oh Reserved
5 OuUT6_HS_OCP R Oh Indicates overcurrent fault on high-side of half-bridge OUT6.
4 OUT5_HS_OCP R Oh Indicates overcurrent fault on high-side of half-bridge OUT5.
3 OUT4_HS_OCP R Oh Indicates overcurrent fault on high-side of half-bridge OUTA4.
2 OUT3_HS_OCP R Oh Indicates overcurrent fault on high-side of half-bridge OUT3.
1 OUT2_HS_OCP R Oh Indicates overcurrent fault on high-side of half-bridge OUT2.
0 OUT1_HS_OCP R Oh Indicates overcurrent fault on high-side of half-bridge OUT1.
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8.1.5 HB_STAT2 Register (Offset = 4h) [Reset = 0000h]
HB_STAT2 is shown in Table 8-9.

Return to the Summary Table.
Half-bridge active and off-state open load faults.
Table 8-9. HB_STAT2 Register Field Descriptions

Bit Field Type Reset Description

15 RESERVED R Oh Reserved

14 RESERVED R Oh Reserved

13 RESERVED R Oh Reserved

12 HB_OLP_STAT R Oh Indicates integrated half-bridge OLP status.

11 OUT6_LS_OLA R Oh Indicates active open load fault on low-side of half-bridge OUT6.
10 OUT5_LS_OLA R Oh Indicates active open load fault on low-side of half-bridge OUT5.
9 OUT4_LS_OLA R Oh Indicates active open load fault on low-side of half-bridge OUT4.
8 OUT3_LS_OLA R Oh Indicates active open load fault on low-side of half-bridge OUT3.
7 OUT2_LS_OLA R Oh Indicates active open load fault on low-side of half-bridge OUT2.
6 OUT1_LS_OLA R Oh Indicates active open load fault on low-side of half-bridge OUT1.
5 OUT6_HS OLA R Oh Indicates active open load fault on high-side of half-bridge OUT6.
4 OUT5_HS_OLA R Oh Indicates active open load fault on high-side of half-bridge OUTS5.
3 OUT4_HS_OLA R Oh Indicates active open load fault on high-side of half-bridge OUT4.
2 OUT3_HS_OLA R Oh Indicates active open load fault on high-side of half-bridge OUT3.
1 OUT2_HS_OLA R Oh Indicates active open load fault on high-side of half-bridge OUT2.
0 OUT1_HS_OLA R Oh Indicates active open load fault on high-side of half-bridge OUT1.
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8.1.6 EC_HEAT_ITRIP_STAT Register (Offset = 5h) [Reset = 0000h]
EC_HEAT_ITRIP_STAT is shown in Table 8-10.

Return to the Summary Table.

Includes all electrochrome and heater driver faults and warnings. Also includes ITRIP regulation status warnings.
Table 8-10. EC_HEAT_ITRIP_STAT Register Field Descriptions

Bit Field Type Reset Description

15 ECFB_DIAG_STAT R Oh Indicates ECFB_SC fault is present when ECFB_DIAG=0x01.

Indicates ECFB OLP fault when ECFB_DIAG=10b.

14 ECFB_OV R Oh Indicates overvoltage (short to battery) fault on ECFB pin.
13 ECFB_HI R Oh Indicates regulation overvoltage fault on ECFB pin.

12 ECFB_LO R Oh Indicates regulation undervoltage fault on ECFB pin.

11 ECFB_OC R Oh Indicates overcurrent fault on ECFB pin.

10 ECFB_OL R Oh Indicates open load fault on ECFB pin.

9 HEAT_OL R Oh Indicates open load fault on SH_HS pin.

8 HEAT_VDS R Oh Indicates overcurrent fault on heater MOSFET.

7 RESERVED R Oh Reserved

6 OUT7_ITRIP_STAT R Oh Indicates ITRIP regulation warning on OUT7.

5 OUT6_ITRIP_STAT R Oh Indicates ITRIP regulation warning on OUT6.

4 OUTS_ITRIP_STAT R Oh Indicates ITRIP regulation warning on OUT5.

3 OUT4_ITRIP_STAT R Oh Indicates ITRIP regulation warning on OUT4.

2 OUT3_ITRIP_STAT R Oh Indicates ITRIP regulation warning on OUT3.

1 OUT2_ITRIP_STAT R Oh Indicates ITRIP regulation warning on OUT2.

0 OUT1_ITRIP_STAT R Oh Indicates ITRIP regulation warning on OUT1.
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8.1.7 HS_STAT Register (Offset = 6h) [Reset = 0000h]

HS_STAT is shown in Table 8-11.

Return to the Summary Table.

High-side driver overcurrent and open load fault status.

Table 8-11. HS_STAT Register Field Descriptions

Bit Field Type Reset Description

15 RESERVED R Oh Reserved

14 RESERVED R Oh Reserved

13 OUT12_OLA R Oh Indicates open load fault on OUT12.
12 OUT11_OLA R Oh Indicates open load fault on OUT11.
11 OUT10_OLA R Oh Indicates open load fault on OUT10.
10 OUT9_OLA R Oh Indicates open load fault on OUT9.

9 OUT8_OLA R Oh Indicates open load fault on OUT8.

8 OUT7_OLA R Oh Indicates open load fault on OUT?7.

7 RESERVED R Oh Reserved

6 RESERVED R Oh Reserved

5 OuUT12_0CP R Oh Indicates overcurrent fault on OUT12.
4 OUT11_OCP R Oh Indicates overcurrent fault on OUT11.
3 OuUT10_OCP R Oh Indicates overcurrent fault on OUT10.
2 OuUT9_OCP R Oh Indicates overcurrent fault on OUT9.
1 OuUT8_OCP R Oh Indicates overcurrent fault on OUTS8.
0 OUT7_OCP R Oh Indicates overcurrent fault on OUT7.
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8.1.8 HS_ITRIP_STAT Register (Offset = 7h) [Reset = 0000h]

HS_ITRIP_STAT is shown in Table 8-12.

Return to the Summary Table.

Includes electrochrome and High-side ITRIP status register.
Table 8-12. HS_ITRIP_STAT Register Field Descriptions

Bit Field Type Reset Description

15 RESERVED R Oh Reserved

14 RESERVED R Oh Reserved

13 RESERVED R Oh Reserved

12 RESERVED R Oh Reserved

11 RESERVED R Oh Reserved

10 RESERVED R Oh Reserved

9 RESERVED R Oh Reserved

8 RESERVED R Oh Reserved

7 RESERVED R Oh Reserved

6 ECFB_LS_ITRIP_STAT R Oh Indicates if ECFB_LS_ITRIP has occurred.

Cleared only with CLR_FLT.

5 RESERVED R Oh Reserved

4 OUT12_ITRIP_STAT R Oh Indicates ITRIP regulation warning on OUT12.
3 OUT11_ITRIP_STAT R Oh Indicates ITRIP regulation warning on OUT11.
2 OUT10_ITRIP_STAT R Oh Indicates ITRIP regulation warning on OUT10.
1 OUT9_ITRIP_STAT R Oh Indicates ITRIP regulation warning on OUT9.
0 OUTS8_ITRIP_STAT R Oh Indicates ITRIP regulation warning on OUTS8.
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8.1.9 SPARE_STAT2 Register (Offset = 8h) [Reset = 0000h]

SPARE_STAT2 is shown in Table 8-13.

Return to the Summary Table.

Spare status register.

Table 8-13. SPARE_STAT2 Register Field Descriptions

Bit Field Type Reset Description

15 RESERVED R Oh Reserved

14 RESERVED R Oh Reserved

13 RESERVED R Oh Reserved

12 RESERVED R Oh Reserved

11 RESERVED R Oh Reserved

10 RESERVED R Oh Reserved

9 RESERVED R Oh Reserved

8 RESERVED R Oh Reserved

7-0 DEV_ID R Oh 0x02= DRV8000
0x21= DRV8001
0x22= DRV8002
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8.2 DRV8000-Q1_CNFG Registers

Table 8-14 lists the memory-mapped registers for the DRV8000-Q1_CNFG registers. All register offset
addresses not listed in Table 8-14 should be considered as reserved locations and the register contents should
not be modified.

Table 8-14. DRV8000-Q1_CNFG Registers

Offset Acronym Register Name Section
Sh IC_CNFG1 IC configuration register 1. Section 8.2.1
Ah IC_CNFG2 IC configuration register 2. Section 8.2.2
Bh GD_CNFG Gate driver configuration register. Section 8.2.3
Ch GD_IDRV_CNFG IDRIVE setting configuration register. Section 8.2.4
Dh GD_VGS_CNFG VGS detection configuration register. Section 8.2.5
Eh GD_VDS_CNFG VDS monitoring configuration register. Section 8.2.6
Fh GD_CSA_CNFG CSA configuration register. Section 8.2.7
10h GD_AGD_CNFG Advanced smart gate driver configuration register. Section 8.2.8
11h GD_PDR_CNFG Propagation Delay Reduction configuration register. Section 8.2.9
12h GD_STC_CNFG Slew time control configuration register. Section 8.2.10
13h GD_SPARE_CNFG1 Spare gate driver configuration register 1. Section 8.2.11
14h HB_ITRIP_DG Half-bridge ITRIP deglitch configuration register 2. Section 8.2.12
15h HB_OUT_CNFG1 Half-bridge output 5 and 6 configuration register. Section 8.2.13
16h HB_OUT_CNFG2 Half-bridge output 1-4 configuration register. Section 8.2.14
17h HB_OCP_CNFG Half-bridge overcurrent deglitch configuration register. Section 8.2.15
18h HB_OL_CNFG1 Half-bridge active and passive open-load enable register Section 8.2.16
19h HB_OL_CNFG2 Half-bridge active open-load threshold select register. Section 8.2.17
1Ah HB_SR_CNFG Half-bridge slew rate configuration register. Section 8.2.18
1Bh HB_ITRIP_CNFG Half-bridge ITRIP configuration register 1. Section 8.2.19
1Ch HB_ITRIP_FREQ Half-bridge ITRIP frequency configuration register 2. Section 8.2.20
1Dh HS_HEAT_OUT_CNFG High-side and heater driver output configuration register. ~ Section 8.2.21
1Eh HS_OC_CNFG High-side driver overcurrent threshold configuration Section 8.2.22

register.
1Fh HS_OL_CNFG High-side driver open load threshold configuration Section 8.2.23
register.
20h HS_REG_CNFG1 High-side driver regulation configuration register. Section 8.2.24
21h HS_REG_CNFG2 High-side driver regulation configuration register. Section 8.2.25
22h HS_PWM_FREQ_CNFG High-side driver PWM generator frequency configuration = Section 8.2.26
register.
23h HEAT_CNFG Heater configuration register. Section 8.2.27
24h EC_CNFG Electrochrome configuration register. Section 8.2.28
25h HS_REG_CNFG3 High-side driver regulation configuration register. Section 8.2.29
26h SPARE_CNFG2 Spare configuration Section 8.2.30
27h OUT1_HS_MODE_DC Duty cycle configuration for OUT1. Section 8.2.31
28h OUT2_HS_MODE_DC Duty cycle configuration for OUT2. Section 8.2.32

Complex bit access types are encoded to fit into small table cells. Table 8-15 shows the codes that are used for
access types in this section.

Table 8-15. DRV8000-Q1_CNFG Access Type Codes

Access Type ‘

Code ‘ Description

Read Type
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Table 8-15. DRV8000-Q1_CNFG Access Type Codes
(continued)

Access Type Code Description

R R Read

Write Type

w w Write

Reset or Default Value

-n Value after reset or the default
value
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8.2.1 IC_CNFG1 Register (Offset = 9h) [Reset = 0002h]
IC_CNFGH1 is shown in Table 8-16.

Return to the Summary Table.

Includes configurations charge pump and watchdog, and fault levels and reactions for supply, charge pump,

thermal, and watch dog faults.
Table 8-16. IC_CNFG1 Register Field Descriptions

Bit

Field

Type

Reset

Description

15

OTSD_MODE

R/W

Oh

Sets overtemperature shutdown behavior. If any thermal cluster
reaches OT, the device shuts down all drivers or affected drivers
only (drivers in zone 3, for example).

Ob = Global shutdown.

1b = Affected driver shutdown only.

14

DIS_CP

R/W

Oh

When all output are off (OUTx_EN, HEAT_EN, EC_ON), the charge
pump can be disabled, putting the device in a communication only
mode.

Ob = Charge pump enabled.

1b = Charge pump disabled.

13

RSVD

Oh

Reserved.

12

PVDD_OV_MODE

R/W

Oh

PVDD supply overvoltage monitor mode.
Ob = Latched fault.
1b = Automatic recovery.

11-10

PVDD_OV_DG

R/W

Oh

PVDD supply overvoltage monitor deglitch time.
00b =1 ps
01b =2 ps
10b =4 ps
1Mb=8 s

PVDD_OV_LVL

R/wW

Oh

PVDD supply overvoltage monitor threshold.
Ob=22V
1b=28V

VCP_UV_LVL

R/wW

Oh

VCP charge pump undervoltage monitor threshold.
Ob=4.75V
1b=6.25V

CP_MODE

R/wW

Oh

Charge pump operating mode.

00b = Automatic switch between tripler and doubler mode.
01b = Always doubler mode.

10b = Always tripler mode.

11b = RSVD

VCP_UV_MODE

R/W

Oh

VCP charge pump undervoltage monitor mode.
Ob = Latched fault.
1b = Automatic recovery.

PVDD_UV_MODE

R/W

Oh

PVDD supply undervoltage monitor mode.
Ob = Latched fault.
1b = Automatic recovery.

WD_EN

R/W

Oh

Watchdog timer enable.
0b = Watchdog timer disabled.
1b = Watchdog timer enabled.

WD_FLT_M

R/W

Oh

Watchdog fault mode. Watchdog fault is cleared by CLR_FLT.

0b = Watchdog fault is reported to WD_FLT and WARN register bits.
Drivers remain enabled and FAULT bit is not asserted.

1b = Watchdog fault is reported to WD_FLT and FAULT register bits.
All drivers are disabled in response to watchdog fault.

WD_WIN

R/W

1h

Watchdog timer window.
Ob=41t012ms
1b=10to 100 ms

EN_SSC

R/wW

Oh

Spread spectrum clocking.
Ob = Disabled.
1b = Enabled.

100  Submit Document Feedback

Copyright © 2026 Texas Instruments Incorporated

Product Folder Links: DRV8000-Q1


https://www.ti.com/product/DRV8000-Q1
https://www.ti.com/lit/pdf/SLVSH22
https://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLVSH22B&partnum=DRV8000-Q1
https://www.ti.com/product/drv8000-q1?qgpn=drv8000-q1

13 TEXAS
INSTRUMENTS DRV8000-Q1
www.ti.com SLVSH22B — MAY 2024 — REVISED JANUARY 2026

8.2.2 IC_CNFG2 Register (Offset = Ah) [Reset = 0000h]
IC_CNFG2 is shown in Table 8-17.

Return to the Summary Table.
Includes thermal cluster warning disable bits.
Table 8-17. IC_CNFG2 Register Field Descriptions

Bit Field Type Reset Description

15 RESERVED R/W Oh Reserved

14 RESERVED R/W Oh Reserved

13 RESERVED R/W Oh Reserved

12 RESERVED R/W Oh Reserved

11 RESERVED R/W Oh Reserved

10 RESERVED R/W Oh Reserved

9 RESERVED R/W Oh Reserved

8 RESERVED R/W Oh Reserved

7 ZONE4_OTW_H_DIS R/W Oh Disables the high overtemperature warning for zone 4.
Enabled = Ob
Disabled = 1b

6 ZONE3_OTW_H_DIS R/W Oh Disables the high overtemperature warning for zone 3.
Enabled = Ob
Disabled = 1b

5 ZONE2_OTW_H_DIS R/W Oh Disables the high overtemperature warning for zone 2.
Enabled = 0b
Disabled = 1b

4 ZONE1_OTW_H_DIS R/W Oh Disables the high overtemperature warning for zone 1.
Enabled = 0b
Disabled = 1b

3 ZONE4_OTW_L_DIS R/W Oh Disables the low overtemperature warning for zone 4.
Enabled = 0b
Disabled = 1b

2 ZONE3_OTW_L_DIS R/W Oh Disables the low overtemperature warning for zone 3.
Enabled = 0b
Disabled = 1b

1 ZONE2_OTW_L_DIS R/W Oh Disables the low overtemperature warning for zone 2.
Enabled = 0b
Disabled = 1b

0 ZONE1_OTW_L_DIS R/W Oh Disables the low overtemperature warning for zone 1.
Enabled = 0b
Disabled = 1b
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8.2.3 GD_CNFG Register (Offset = Bh) [Reset = 0000h]
GD_CNFG is shown in Table 8-18.

Return to the Summary Table.

General gate driver controls. Includes gate driver enable, bridge configuration, input pin modes, and open load

enable.

Table 8-18. GD_CNFG Register Field Descriptions

Bit Field

Type

Reset

Description

15 RESERVED

R/W

Oh

Reserved

14 RESERVED

R/W

Oh

Reserved

13 IDRV_LO1

R/W

Oh

Enable low current IDRVN and IDRVP mode for half-bridge 1.
Ob = IDRVP_1 and IDRVN_1 utilize standard values.
1b = IDRVP_1 and IDRVN_1 utilize low current values.

12 IDRV_LO2

R/W

Oh

Enable low current IDRVN and IDRVP mode for half-bridge 2.
0Ob = IDRVP_2 and IDRVN_2 utilize standard values.
1b = IDRVP_2 and IDRVN_2 utilize low current values.

11 PU_SH_1

R/W

Oh

Gate driver 1 pullup diagnostic current source.
Set EN_OLSC = 1b to use.

Ob = Disabled.

1b = Enabled.

10 PD_SH_1

R/wW

Oh

Gate driver 1 pulldown diagnostic current source.
Set EN_OLSC = 1b to use.

Ob = Disabled.

1b = Enabled.

9 PU_SH_2

R/wW

Oh

Gate driver 2 pullup diagnostic current source.
Set EN_OLSC = 1b to use.

Ob = Disabled.

1b = Enabled.

8 PD_SH_2

R/wW

Oh

Gate driver 2 pulldown diagnostic current source.
Set EN_OLSC = 1b to use.

Ob = Disabled.

1b = Enabled.

RESERVED

R/W

Oh

Reserved

IN2_MODE

R/W

Oh

Sets gate driver 2 control source.
0Ob = Input pin IN2.
1b = SPI control.

5 IN1_MODE

R/W

Oh

Sets gate driver 1 control source.
0Ob = Input pin IN1.
1b = SPI control.

4 BRG_FW

R/W

Oh

Gate driver 1 and 2 control freewheeling setting. Settings shared
between half-bridges 1 and 2.

0b = Low-side freewheeling

1b = High-side freewheeling.

3-2 BRG_MODE

R/W

Oh

Gate driver 1 and 2 input control mode.

00b = Independent half-bridge input control.
01b = PH/EN H-bridge input control.

10b = PWM H-bridge input control.

11b = Reserved.

1 EN_OLSC

R/wW

Oh

Offline open-load and short-circuit diagnostic enable.

Ob = Disabled.

1b = VDS monitors set into real-time voltage monitor mode and
diagnostics current sources enabled.

0 EN_GD

R/wW

Oh

Enable gate driver bit.

0b = Driver inputs are ignored and the gate driver passive pulldowns

are enabled.
1b = Gate driver outputs are enabled and controlled by the digital
inputs.
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8.2.4 GD_IDRV_CNFG Register (Offset = Ch) [Reset = 4444h)]

GD_IDRV_CNFG is shown in Table 8-19.

Return to the Summary Table.

Includes IDRIVE drive current levels for each half-bridge gate driver.

Table 8-19. GD_IDRV_CNFG Register Field Descriptions

Bit

Field

Type

Reset

Description

15-12

IDRVP_1

R/W

4h

Gate driver 1 peak source pullup current. Alternative low current
value in parenthesis (IDRV_LO1).
0000b = 0.5 mA (50 pA)

0001b =1 mA (110 pA)

0010b =2 mA (170 pA)

0011b = 3 mA (230 pA)

0100b =4 mA (290 pA)

0101b =5 mA (350 pA)

0110b = 6 mA (410 pA)

0111b =7 mA (600 pA)

1000b = 8 mA (725 pA)

1001b = 12 mA (850 pA)

1010b = 16 mA (1 mA)

1011b =20 mA (1.2 mA)

1100b = 24 mA (1.4 mA)

1101b = 31 mA (1.6 mA)

1110b =48 mA (1.8 mA)

1111b = 62 mA (2.3 mA)

IDRVN_1

R/W

4h

Gate driver 1 peak sink pulldown current. Alternative low current
value in parenthesis (IDRV_LO1).
0000b = 0.5 mA (50 pA)

0001b =1 mA (110 pA

0010b =2 mA (170 pA

0011b = 3 mA (230 pA)

0100b =4 mA (290 pA)

0101b =5 mA (350 pA)

0110b = 6 mA (410 pA)

0111b =7 mA (600 pA)

1000b = 8 mA (725 pA)

1001b = 12 mA (850 pA)

1010b = 16 mA (1 mA)

1011b =20 mA (1.2 mA)

1100b = 24 mA (1.4 mA)

1101b = 31 mA (1.6 mA)

1110b = 48 mA (1.8 mA)

1111b = 62 mA (2.3 mA)

7-4

IDRVP_2

R/W

4h

Gate driver 2 peak source pullup current. Alternative low current
value in parenthesis (IDRV_LO2).
0000b = 0.5 mA (50 pA)

0001b =1 mA (110 pA)

0010b =2 mA (170 pA)

0011b = 3 mA (230 pA)

0100b =4 mA (290 pA)

0101b = 5 mA (350 pA)

0110b = 6 mA (410 pA)

0111b =7 mA (600 pA)

1000b = 8 mA (725 pA)

1001b = 12 mA (850 pA)

1010b = 16 mA (1 mA)

1011b =20 mA (1.2 mA)

1100b = 24 mA (1.4 mA)

1101b = 31 mA (1.6 mA)

1110b = 48 mA (1.8 mA)

1111b = 62 mA (2.3 mA)
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Table 8-19. GD_IDRV_CNFG Register Field Descriptions (continued)

Bit

Field

Type

Reset

Description

IDRVN_2

R/W

4h

Gate driver 2 peak sink pulldown current. Alternative low current
value in parenthesis (IDRV_LO2).

0000b = 0.5 mA (50 pA)
0001b = 1 mA (110 pA)
0010b = 2 mA (170 pA)
0011b = 3 mA (230 pA)
0100b = 4 mA (290 pA)
0101b = 5 mA (350 pA)
0110b = 6 mA (410 pA)
0111b = 7 mA (600 pA)
1000b = 8 mA (725 pA)
1001b = 12 mA (850 pA)
1010b = 16 mA (1 mA)
1011b = 20 mA (1.2 mA)
1100b = 24 mA (1.4 mA)
1101b = 31 mA (1.6 mA)
1110b = 48 mA (1.8 mA)
1111b = 62 mA (2.3 mA)
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8.2.5 GD_VGS_CNFG Register (Offset = Dh) [Reset = 0030h]

GD_VGS_CNFG is shown in Table 8-20.

Return to the Summary Table.

VGS fault detection configurations.

Table 8-20. GD_VGS_CNFG Register Field Descriptions

Bit

Field

Type

Reset

Description

15

RESERVED

R/W

Oh

Reserved

14

RESERVED

R/W

Oh

Reserved

13

RESERVED

R/W

Oh

Reserved

12

RESERVED

R/W

Oh

Reserved

11

VGS_IND

R/W

Oh

VGS independent shutdown mode enable.

Active for BRG_MODE = 00b.

Ob = Disabled.

1b = Enabled. VGS gate fault only shuts down the associated half-
bridge.

10-9

VGS_TDEAD

R/wW

Oh

Insertable digital dead-time.
00b =0ns
01b=2pus
10b =4 s
1Mb=8 s

RESERVED

R/wW

Oh

Reserved

RESERVED

R/wW

Oh

Reserved

VGS_TDRV

R/W

3h

VGS drive time and VDS monitor blanking time.
000b =2 ps

001b =4 us

010b = 8 ps

011b =12 us

100b = 16 us

101b =24 us

110b =32 us

111b = 96 ps

VGS_HS_DIS

R/W

Oh

VGS monitor based dead-time handshake.

Ob = Enabled.

1b = Disabled. Gate drive transition based on tDRIVE and tDEAD
time duration

VGS_LVL

R/W

Oh

VGS monitor threshold for dead-time handshake and gate fault
detection.
Ob=14V
1b=10V

1-0

VGS_MODE

R/W

Oh

VGS gate fault monitor mode.
00b = Latched fault.

01b = Cycle by cycle.

10b = Warning report only.
11b = Disabled.
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8.2.6 GD_VDS_CNFG Register (Offset = Eh) [Reset = 0D2Dh]

GD_VDS_CNFG is shown in Table 8-21.

Return to the Summary Table.

VDS monitoring or short-circuit detection configuration register.
Table 8-21. GD_VDS_CNFG Register Field Descriptions

Bit

Field

Type

Reset

Description

15

RSVD

R/W

Oh

Reserved.

14

VDS_IND

R/W

Oh

VDS fault independent shutdown mode configuration.

Ob = Disabled. VDS fault shuts down all gate drivers.

1b = Enabled. VDS gate fault only shuts down the associated gate
driver.

13-12

VDS_IDRVN

R/W

Oh

IDRVN gate pulldown current after VDS_OCP fault for gate driver 1
and 2.

00b = Programmed IDRVN

01b =8 mA

10b =31 mA

11b =62 mA

VDS_HS_LVL

R/W

Dh

High-side VDS overcurrent monitor threshold.
0000b = 0.06 V
00001b =0.08 V
0010b =0.10V
0011b=0.12V
0100b =0.14 V
0101b=0.16 V
0110b =0.18 V
0111b=0.2V
1000b = 0.3V
1001b =04V
1010b=0.5V
1011b=0.6V
1100b =0.7 V
1101b =1V
1110b=1.4V
1M1b=2V

VDS_MODE

R/W

Oh

VDS overcurrent monitor mode.
00b = Latched fault.

01b = Cycle by cycle.

10b = Warning report only.

11b = Disabled.

VDS _DG

R/wW

2h

VDS overcurrent monitor deglitch time.
00b =1 ps
01b =2 ps
10b =4 ps
1Mb=8us
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Table 8-21. GD_VDS_CNFG Register Field Descriptions (continued)

Bit

Field

Type

Reset

Description

VDS_LS_LVL

R/W

Dh

Low-side VDS overcurrent monitor threshold.
0000b = 0.06 V
0001b =0.08 V
0010b =0.10 V
0011b=0.12V
0100b =0.14 V
0101b =0.16 V
0110b =0.18 V
0111b=0.2V
1000b = 0.3V
1001b =04V
1010b=0.5V
101Mb=0.6 V
1100b =0.7 V
1101b=1V
1110b=1.4V
1M11b=2V
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8.2.7 GD_CSA_CNFG Register (Offset = Fh) [Reset = 0004h]

GD_CSA _CNFG is shown in Table 8-22.

Return to the Summary Table.

CSA configurations and controls.

Table 8-22. GD_CSA_CNFG Register Field Descriptions

Bit Field Type

Reset

Description

15 RESERVED R/W

Oh

Reserved

14 RESERVED R/W

Oh

Reserved

13 RESERVED R/W

Oh

Reserved

12 RESERVED R/W

Oh

Reserved

11 RESERVED R/W

Oh

Reserved

10 RESERVED R/wW

Oh

Reserved

9 RESERVED R/wW

Oh

Reserved

8 RESERVED R/wW

Oh

Reserved

7-5 CSA_BLK R/W

Oh

Current shunt amplifier blanking time. % of tDRV.
000b = 0 %, Disabled

001b =25 %

010b =37.5%

011b =50 %

100b = 62.5 %

101b=75%

110b = 87.5 %

111b =100 %

4 CSA_BLK_SEL RIW

Oh

Current shunt amplifier blanking trigger source.
Ob = Gate driver 1
1b = Gate driver 2

3-2 CSA_GAIN R/W

1h

Current shunt amplifier gain setting.
00b =10 VIV
01b =20 VIV
10b =40 VIV
11b =80 VIV

1 CSA_DIV R/W

Oh

Current shunt amplifier internal reference voltage divider.

Ob=VDVDD /2
1b = VDVDD/ 8

0 CSA_EN R/W

Oh

Current sense amplifier enable.
Ob = Disabled
1b = Enabled
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8.2.8 GD_AGD_CNFG Register (Offset = 10h) [Reset = 0402h]

GD_AGD_CNFG is shown in Table 8-23.

Return to the Summary Table.

Includes Advanced smart gate driver configurations, enables for DCC and PDR, post-charge settings.
Table 8-23. GD_AGD_CNFG Register Field Descriptions

Bit

Field

Type

Reset

Description

15

RESERVED

R/W

Oh

Reserved

14

PDR_ERR

R/W

Oh

PDR loop error limit for gate driver 1 and 2.
Ob = 1-bit error
1b = Actual error

13-12

AGD_ISTRONG

R/W

Oh

Adaptive gate driver ISTRONG configuration. 00b = ISTRONG
pulldown decoded from initial IDRVP_x register setting.

01b =62 mA

10b = 124 mA

11b = RSVD

11-10

AGD_THR

R/W

1h

Adaptive gate driver VSH threshold configuration.
00b = 0.5V, VDRAIN - 0.5V

01b =1V, VDRAIN - 1V

10b = 1.5V, VDRAIN - 1.5V

11b = 2V, VDRAIN - 2V

SET_AGD

R/W

Oh

Set active half-bridge for adaptive gate drive control loops.
Ob = Gate driver 1
1b = Gate driver 2

FW_MAX

R/wW

Oh

Gate drive current used for freewheeling MOSFET for gate driver 1
and 2.

Ob = PRE_CHR_MAX_12

1b =64 mA

EN_DCC

R/wW

Oh

Enable duty cycle compensation for half-bridge 1 and 2.

IDIR_MAN

R/wW

Oh

Current polarity detection mode for half-bridge 1 and 2.
0b = Automatic
1b = Manual (Set by IDIR_MAN_SEL)

5-4

KP_PST

R/W

Oh

Post charge proportional control gain setting for half-bridges 1 and 2.
00b = Disabled

01b=2

10b =4

11b =15

EN_PST_DLY

R/W

Oh

Enable post-charge time delay. Time delay is equal to
T_DON_DOFF_12 - T_PRE_CHR_12.

2-1

KP_PDR

R/W

1h

PDR proportional controller gain setting for half-bridge 1 and 2.
00b =1
01b=2
10b=3
1b=4

EN_PDR

R/W

Oh

Enable PDR loop control for half-bridge 1 and 2.
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8.2.9 GD_PDR_CNFG Register (Offset = 11h) [Reset = 0AF6h]

GD_PDR_CNFG is shown in Table 8-24.

Return to the Summary Table.

Includes remaining PDR controls, pre-charge settings and timing.

Table 8-24. GD_PDR_CNFG Register Field Descriptions

Bit

Field

Type

Reset

Description

15-14

PRE_MAX

R/W

Oh

Maximum gate drive current limit for pre-charge and pre-discharge
for half-bridge 1 and 2.

00b = 64 mA

01b =32 mA

10b =16 mA

11b =8 mA

13-8

T_DON_DOFF

R/W

Ah

On and off time delay for half-bridge 1 and 2. 140 ns x
T_DON_DOFF [3:0] Default time: 001010b (1.4 ps)

T_PRE_CHR

R/W

3h

PDR control loop pre-charge time for half-bridge 1 and 2. Set as ratio
of T_DON_DOFF_12 [5:0].

00b =1/8

01b=1/4

10b = 3/8

11b=1/2

5-4

T_PRE_DCHR

R/W

3h

PDR control loop pre-discharge time for half-bridge 1 and 2. Set as
ratio of T_DON_DOFF_12 [5:0].

00b =1/8

01b =1/4

10b = 3/8

11b=1/2

3-2

PRE_CHR_INIT

R/W

1h

PDR control loop initial pre-charge current setting for half-bridge 1
and 2.

00b =4 mA

01b =8 mA

10b =16 mA

11b =32 mA

PRE_DCHR_INIT

R/wW

2h

PDR control loop initial pre-discharge current setting for half-bridge 1
and 2.

00b =4 mA

01b =8 mA

10b =16 mA

11b =32 mA
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8.2.10 GD_STC_CNFG Register (Offset = 12h) [Reset = 0026h]

GD_STC_CNFG is shown in Table 8-25.

Return to the Summary Table.

Includes configurations and enable for slew time control.

Table 8-25. GD_STC_CNFG Register Field Descriptions

Bit

Field

Type

Reset

Description

15

RESERVED

R/W

Oh

Reserved

14

RESERVED

R/W

Oh

Reserved

13

RESERVED

R/W

Oh

Reserved

12

RESERVED

R/W

Oh

Reserved

11

RESERVED

R/W

Oh

Reserved

10

RESERVED

R/wW

Oh

Reserved

9

RESERVED

R/wW

Oh

Reserved

8

IDIR_MAN_SEL

R/wW

Oh

Manual freewheel selection for Gate Drivers.
0Ob = High-side MOSFET drive, Low-side MOSFET freewheel.
1b = Low-side MOSFET drive, High-side MOSFET freewheel.

7-4

T_RISE_FALL

R/W

2h

Set switch-node VSH rise and fall time for half-bridge 1 and 2.
0000b = 0.35 us
0001b = 0.56 us
0010b = 0.77 us
0011b =0.98 us
0100b = 1.33 us
0101b = 1.68 us
0110b =2.03 us
0111b =2.45us
1000b = 2.94 us
1001b =3.99 us
1010b = 4.97 us
1011b =5.95 us
1100b = 7.98 us
1101b =9.94 us
1110b = 11.97 us
1111b = 15.96 us

STC_ERR

R/W

Oh

STC loop error limit for half-bridge 1 and 2.
Ob = 1-bit error
1b = Actual error

2-1

KP_STC

R/W

3h

STC proportional controller gain setting for half-bridge 1 and 2.
00b =1
01b=2
10b=3
11b =4

EN_STC

R/W

Oh

Enable STC loop control for half-bridge 1 and 2.
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8.2.11 GD_SPARE_CNFG1 Register (Offset = 13h) [Reset = 0000h]

GD_SPARE_CNFGH1 is shown in Table 8-26.

Return to the Summary Table.

Spare configuration register for gate driver.
Table 8-26. GD_SPARE_CNFG1 Register Field Descriptions

Bit Field Type Reset Description
15 RESERVED R/wW Oh Reserved
14 RESERVED R/wW Oh Reserved
13 RESERVED R/W Oh Reserved
12 RESERVED R/W Oh Reserved
11 RESERVED R/W Oh Reserved
10 RESERVED R/wW Oh Reserved
9 RESERVED R/W Oh Reserved
8 RESERVED R/W Oh Reserved
7 RESERVED R/wW Oh Reserved
6 RESERVED R/wW Oh Reserved
5 RESERVED R/W Oh Reserved
4 RESERVED R/W Oh Reserved
3 RESERVED R/W Oh Reserved
2 RESERVED R/wW Oh Reserved
1 RESERVED R/W Oh Reserved
0 RESERVED R/W Oh Reserved
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8.2.12 HB_ITRIP_DG Register (Offset = 14h) [Reset = 0000h]

HB_ITRIP_DG is shown in Table 8-27.

Return to the Summary Table.

Configures ITRIP deglitch for each half-bridge. ITRIP timing is shared between half-bridge pairs.

Table 8-27. HB_ITRIP_DG Register Field Descriptions

Bit Field Type

Reset

Description

15 RESERVED R/W

Oh

Reserved

14 RESERVED R/W

Oh

Reserved

13 RESERVED R/W

Oh

Reserved

12 RESERVED R/W

Oh

Reserved

11-10 OUT6_ITRIP_DG R/W

Oh

Configures ITRIP deglitch time for half-bridge 6.

00b = 2 us
01b =5 s

10b = 10 ps
11b = 20 s

9-8 OUTS5_ITRIP_DG RIW

Oh

Configures ITRIP deglitch time for half-bridge 5.

00b = 2 ps
01b =5 ps

10b = 10 ps
11b = 20 ps

7-6 OUT4_ITRIP_DG R/wW

Oh

Configures ITRIP deglitch time for half-bridge 4.

00b =2 ps
01b =5 ps
10b =10 ps
11b =20 ps

5-4 OUT3_ITRIP_DG R/wW

Oh

Configures ITRIP deglitch time for half-bridge 3.

00b =2 ps
01b=5ps
10b =10 ps
11b =20 ps

3-2 OUT2_ITRIP_DG RIW

Oh

Configures ITRIP deglitch time for half-bridge 2.

00b =2 ps
01b=5ps
10b =10 ps
11b =20 ps

1-0 OUT1_ITRIP_DG RIW

Oh

Configures ITRIP deglitch time for half-bridge 1.

00b =2 ps
01b =5 ps
10b =10 ps
11b =20 us
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8.2.13 HB_OUT_CNFG1 Register (Offset = 15h) [Reset = 0000h]

HB_OUT_CNFG1 is shown in Table 8-28.

Return to the Summary Table.

Configures the output mode for each half-bridge, sets IPROPI sample and hold circuit, and half-bridge pair
freewheeling.

Table 8-28. HB_OUT_CNFG1 Register Field Descriptions

Bit

Field

Type

Reset

Description

15

RESERVED

R/W

Oh

Reserved

14

NSR_OUT6_DIS

R/W

Oh

Disables non-synchronous rectification during ITRIP regulation (sets
active freewheeling) for half-bridge 6.

Passive freewheeling = Ob

Active freewheeling = 1b

13

NSR_OUT5_DIS

R/W

Oh

Disables non-synchronous rectification during ITRIP regulation (sets
active freewheeling) for half-bridge 5.

Passive freewheeling = Ob

Active freewheeling = 1b

12

NSR_OUT4_DIS

R/W

Oh

Disables non-synchronous rectification during ITRIP regulation (sets
active freewheeling) for half-bridge 4.

Passive freewheeling = Ob

Active freewheeling = 1b

11

NSR_OUT3_DIS

R/W

Oh

Disables non-synchronous rectification during ITRIP regulation (sets
active freewheeling) for half-bridges 3.

Passive freewheeling = Ob

Active freewheeling = 1b

10

NSR_OUT2_DIS

R/wW

Oh

Disables non-synchronous rectification during ITRIP regulation (sets
active freewheeling) for half-bridge 2.

Passive freewheeling = Ob

Active freewheeling = 1b

NSR_OUT1_DIS

R/wW

Oh

Disables non-synchronous rectification during ITRIP regulation (sets
active freewheeling) for half-bridge 1.

Passive freewheeling = Ob

Active freewheeling = 1b

IPROPI_SH_EN

R/wW

Oh

Enables IPROPI sample and hold circuit.

RESERVED

R/W

Oh

Reserved

RESERVED

R/W

Oh

Reserved

5-3

OUT6_CNFG

R/W

Oh

Configuration for half-bridge 6.
Enables or disables control of half-bridge, and sets control mode
between PWM or SPI.

000b = Disabled

001b = Enabled (SPI register control)
010b = PWM1 Complementary Control
011b = PWM1 LS Control

100b = PWM1 HS Control

101b = PWM2 Complementary Control
110b = PWM2 LS Control

111b = PWM2 HS Control

2-0

OUT5_CNFG

R/W

Oh

Configuration for half-bridge 5.
Enables or disables control of half-bridge, and sets control mode
between PWM or SPI.

000b = Disabled

001b = Enabled (SPI register control)
010b = PWM1 Complementary Control
011b = PWM1 LS Control

100b = PWM1 HS Control

101b = PWM2 Complementary Control
110b = PWM2 LS Control

111b = PWM2 HS Control
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8.2.14 HB_OUT_CNFG2 Register (Offset = 16h) [Reset = 0000h]

HB_OUT_CNFG2 is shown in Table 8-29.

Return to the Summary Table.

Configures the output mode for each half-bridge.
Table 8-29. HB_OUT_CNFG2 Register Field Descriptions

Bit

Field

Type

Reset

Description

15

RESERVED

R/W

Oh

Reserved

14

RESERVED

R/W

Oh

Reserved

13-11

OUT4_CNFG

R/W

Oh

Configuration for half-bridge 4.
Enables or disables control of half-bridge, and sets control mode
between PWM or SPI.

000b = Disabled

001b = Enabled (SPI register control)
010b = PWM1 Complementary Control
011b = PWM1 LS Control

100b = PWM1 HS Control

101b = PWM2 Complementary Control
110b = PWM2 LS Control

111b = PWM2 HS Control

10-8

OUT3_CNFG

R/W

Oh

Configuration for half-bridge 3.
Enables or disables control of half-bridge, and sets control mode
between PWM or SPI.

000b = Disabled

001b = Enabled (SPI register control)
010b = PWM1 Complementary Control
011b = PWM1 LS Control

100b = PWM1 HS Control

101b = PWM2 Complementary Control
110b = PWM2 LS Control

111b = PWM2 HS Control

OuUT2_MODE

R/W

Oh

Bit to enable OUT2 as High Side driver with internal PWM.
OUT2_CNFG used for enabling and disabling the driver
PWM settings - Freq: PWM_OUT2_FREQ, DC: OUT2_DC.

OUT1_MODE

R/wW

Oh

Bit to enable OUT1 as High Side driver with internal PWM.
OUT1_CNFG used for enabling and disabling the driver
PWM settings - Freq: PWM_OUT1_FREQ, DC: OUT1_DC.

5-3

OUT2_CNFG

R/wW

Oh

Configuration for half-bridge 2.
Enables or disables control of half-bridge, and sets control mode
between PWM or SPI.

000b = Disabled

001b = Enabled (SPI register control)
010b = PWM1 Complementary Control
011b = PWM1 LS Control

100b = PWM1 HS Control

101b = PWM2 Complementary Control
110b = PWM2 LS Control

111b = PWM2 HS Control

2-0

OUT1_CNFG

R/wW

Oh

Configuration for half-bridge 1.
Enables or disables control of half-bridge, and sets control mode
between PWM or SPI.

000b = Disabled

001b = Enabled (SPI register control)
010b = PWM1 Complementary Control
011b = PWM1 LS Control

100b = PWM1 HS Control

101b = PWM2 Complementary Control
110b = PWM2 LS Control

111b = PWM2 HS Control
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8.2.15 HB_OCP_CNFG Register (Offset = 17h) [Reset = 0000h]

HB_OCP_CNFG is shown in Table 8-30.

Return to the Summary Table.

Overcurrent deglitch for half-bridges configuration register.
Table 8-30. HB_OCP_CNFG Register Field Descriptions

Bit

Field

Type

Reset

Description

15

RESERVED

R/W

Oh

Reserved

14

RESERVED

R/W

Oh

Reserved

13

RESERVED

R/W

Oh

Reserved

12

RESERVED

R/W

Oh

Reserved

11-10

OUT6_OCP_DG

R/W

Oh

Overcurrent deglitch time for half-bridge 6.

00b = 6 ys
01b = 10 ps
10b = 15 ps
11b = 60 ps

OUT5_OCP_DG

R/wW

Oh

Overcurrent deglitch time for half-bridge 5.

00b = 6 ps
01b = 10 ps
10b = 15 ps
11b = 60 ps

7-6

OUT4_OCP_DG

R/wW

Oh

Overcurrent deglitch time for half-bridge 4.

00b =6 ps

01b =10 ps
10b =15 ps
11b = 60 ps

5-4

OUT3_OCP_DG

R/wW

Oh

Overcurrent deglitch time for half-bridge 3.

00b =6 ps

01b =10 ps
10b =15 ps
11b = 60 ps

3-2

OUT2_OCP_DG

R/W

Oh

Overcurrent deglitch time for half-bridge 2.

00b =6 ps

01b =10 ps
10b =15 ps
11b =60 ps

1-0

OUT1_OCP_DG

R/W

Oh

Overcurrent deglitch time for half-bridge 1.

00b =6 ps

01b =10 ps
10b =15 ps
11b =60 us
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8.2.16 HB_OL_CNFG1 Register (Offset = 18h) [Reset = 0000h]

HB_OL_CNFG1 is shown in Table 8-31.

Return to the Summary Table.

Configures active and off-state open load detection circuits for half-bridges.

Table 8-31. HB_OL_CNFG1 Register Field Descriptions

Bit

Field

Type

Reset

Description

15

RESERVED

R/W

Oh

Reserved

14

RESERVED

R/W

Oh

Reserved

13-12

HB_OLP_CNFG

R/W

Oh

Off-state diagnostics configuration.

00b = Off-state disabled

01b = OUT X Pullup enabled, OUT Y pulldown enabled, OUT Y
selected, VREF Low

10b = OUT X Pullup enabled, OUT Y pulldown enabled, OUT X
selected, VREF High

11b = OUT X Pulldown enabled, OUT Y pullup enabled, OUT Y
selected, VREF Low

HB_OLP_SEL

R/W

Oh

Off-state open load diagnostics enable for half-bridges.
0000b = Disabled

0001b = OUT1 and OUT2
0010b = OUT1 and OUT3
0011b = OUT1 and OUT4
0100b = OUT1 and OUT5
0101b = OUT1 and OUT6
0110b = OUT2 and OUT3
0111b = OUT2 and OUT4
1000b = OUT2 and OUT5
1001b = OUT2 and OUT6
1010b = OUT3 and OUT4
1011b = OUT3 and OUT5
1100b = OUT3 and OUT6
1101b = OUT4 and OUT5
1110b = OUT4 and OUT6
1111b = OUT5 and OUT6

RESERVED

R/W

Oh

Reserved

RESERVED

R/wW

Oh

Reserved

OUT6_OLA_EN

R/wW

Oh

Active open load diagnostics enable for half-bridge 6.
Ob = Disabled
1b = Enabled

OUT5_OLA _EN

R/wW

Oh

Active open load diagnostics enable for half-bridge 5.
Ob = Disabled
1b = Enabled

OUT4_OLA_EN

R/W

Oh

Active open load diagnostics enable for half-bridge 4.
Ob = Disabled
1b = Enabled

OUT3_OLA_EN

R/W

Oh

Active open load diagnostics enable for half-bridge 3.
Ob = Disabled
1b = Enabled

OUT2_OLA_EN

R/W

Oh

Active open load diagnostics enable for half-bridge 2.
Ob = Disabled
1b = Enabled

OUT1_OLA EN

R/W

Oh

Active open load diagnostics enable for half-bridge 1.
Ob = Disabled
1b = Enabled
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8.2.17 HB_OL_CNFG2 Register (Offset = 19h) [Reset = 0000h]
HB_OL_CNFG2 is shown in Table 8-32.

Return to the Summary Table.

Configures cycle count threshold for active open load detection circuits of half-bridges.
Table 8-32. HB_OL_CNFG2 Register Field Descriptions

Bit Field Type Reset Description
15 RESERVED R/wW Oh Reserved
14 RESERVED R/wW Oh Reserved
13 RESERVED R/W Oh Reserved
12 RESERVED R/W Oh Reserved
11-10 OUT6_OLA_TH R/W Oh Sets the half-bridge 6 active open load cycle count threshold.
0b = 32 cycles

1b = 128 cycles
10b - 512 cycles
11b - 1024 cycles

9-8 OUT5_OLA_TH R/W Oh Sets the half-bridge 5 active open load cycle count threshold.
0b = 32 cycles

1b = 128 cycles

10b - 512 cycles

11b - 1024 cycles

7-6 OUT4_OLA_TH R/W Oh Sets the half-bridge 4 active open load cycle count threshold.
0b = 32 cycles

1b = 128 cycles

10b - 512 cycles

11b - 1024 cycles

5-4 OUT3_OLA_TH R/W Oh Sets the half-bridge 3 active open load cycle count threshold.
0b =32 cycles

1b = 128 cycles

10b - 512 cycles

11b - 1024 cycles

3-2 OUT2_OLA_TH R/W Oh Sets the half-bridge 2 active open load cycle count threshold.
0b = 32 cycles

1b = 128 cycles

10b - 512 cycles

11b - 1024 cycles

1-0 OUT1_OLA_TH R/W Oh Sets the half-bridge 1 active open load cycle count threshold.
0b = 32 cycles

1b = 128 cycles

10b - 512 cycles

11b - 1024 cycles
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8.2.18 HB_SR_CNFG Register (Offset = 1Ah) [Reset = 0000h]

HB_SR_CNFG is shown in Table 8-33.

Return to the Summary Table.

Configures slew rate timing for each half-bridge.

Table 8-33. HB_SR_CNFG Register Field Descriptions

Bit

Field

Type

Reset

Description

15

RESERVED

R/W

Oh

Reserved

14

RESERVED

R/W

Oh

Reserved

13

RESERVED

R/W

Oh

Reserved

12

RESERVED

R/W

Oh

Reserved

11-10

ouUT6_SR

R/W

Oh

Configures slew rate for half-bridge 6.

00b = 1.6 V/us
01b = 13.5 V/us
10b = 24 Vl/us

9-8

OUT5_SR

R/wW

Oh

Configures slew rate for half-bridge 5.

00b = 1.6 V/ps
01b = 13.5 V/us
10b = 24 V/ps

7-6

OUT4_SR

R/wW

Oh

Configures slew rate for half-bridge 4.

00b = 1.6 V/us
01b = 13.5 V/us
10b =24 V/us

5-4

OUT3 SR

R/wW

Oh

Configures slew rate for half-bridge 3.

00b = 1.6 V/us
01b = 13.5 V/us
10b =24 V/us

OUT2_SR

R/W

Oh

Configures slew rate for half-bridge 2.

00b =1.6 V/us
01b =13.5 V/us
10b =24 V/us

1-0

OUT1_SR

R/W

Oh

Configures slew rate for half-bridge 1.

00b = 1.6 V/ps
01b = 13.5 VV/us
10b = 24 V/ps
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8.2.19 HB_ITRIP_CNFG Register (Offset = 1Bh) [Reset = 0000h]

HB_ITRIP_CNFG is shown in Table 8-34.

Return to the Summary Table.

Configures ITRIP levels and enables ITRIP for each half-bridge. ITRIP levels are shared between half-bridge

pairs.

Table 8-34. HB_ITRIP_CNFG Register Field Descriptions

Bit

Field

Type

Reset

Description

15

OUT6_ITRIP_EN

R/W

Oh

Enables ITRIP regulation for half-bridge 6.

14

OUT5_ITRIP_EN

R/W

Oh

Enables ITRIP regulation for half-bridge 5.

13

OUT4_ITRIP_EN

R/W

Oh

Enables ITRIP regulation for half-bridge 4.

12

OUT3_ITRIP_EN

R/W

Oh

Enables ITRIP regulation for half-bridge 3.

11

OUT2_ITRIP_EN

R/W

Oh

Enables ITRIP regulation for half-bridge 2.

10

OUT1_ITRIP_EN

R/wW

Oh

Enables ITRIP regulation for half-bridge 1.

9-8

OUT6_ITRIP_LVL

R/wW

Oh

Configures ITRIP current threshold level for half-bridge 6.

00b=23A.
01b=5.4A
10b=6.2A
11b = Reserved.

7-6

OUTS_ITRIP_LVL

R/wW

Oh

Configures ITRIP current threshold level for half-bridge 5.

00b=29A
01b=6.6 A
10b=76A
11b = Reserved.

5-4

OUT4_ITRIP_LVL

R/W

Oh

Configures ITRIP current threshold level for half-bridge 4.

00b=13A
01b=25A
10b=34A
11b = Reserved.

3-2

OUT3_ITRIP_LVL

R/W

Oh

Configures ITRIP current threshold level for half-bridge 3.

00b=13A
01b=25A
10b=34A
11b = Reserved.

OUT2_ITRIP_LVL

R/W

Oh

Configures ITRIP current threshold level for half-bridge 2.

Ob=0.7A
1b=0.875A

OUT1_ITRIP_LVL

R/W

Oh

Configures ITRIP current threshold level for half-bridge 1.

Ob=0.7A
1b=0.875A
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8.2.20 HB_ITRIP_FREQ Register (Offset = 1Ch) [Reset = 0000h]
HB_ITRIP_FREQ is shown in Table 8-35.

Return to the Summary Table.

Configures ITRIP frequency and deglitch for each half-bridge. ITRIP timing is shared between half-bridge pairs.
Table 8-35. HB_ITRIP_FREQ Register Field Descriptions

Bit Field Type Reset Description
15 RESERVED R/wW Oh Reserved
14 RESERVED R/wW Oh Reserved
13-12 HB_TOFF_SEL R/W Oh Toff selection for OUT1-6 half bridge drivers. Here T is decided by

OUTx_ITRIP_FREQ.
00b - Zero, disabled
01b - Toff = T/2

10b - Toff=T/4

11b - Toff=T

11-10 OUT6_ITRIP_FREQ R/W Oh Configures ITRIP regulation frequency for half-bridge 6.
00b =20 kHz

01b =10 kHz

10b = 5 kHz

11b = 2.5 kHz

9-8 OUTS_ITRIP_FREQ R/W Oh Configures ITRIP regulation frequency for half-bridge 5.
00b =20 kHz

01b =10 kHz

10b = 5 kHz

11b = 2.5 kHz

7-6 OUT4_ITRIP_FREQ R/W Oh Configures ITRIP regulation frequency for half-bridge 4. 00b = 20
kHz

01b =10 kHz

10b = 5 kHz

11b = 2.5 kHz

5-4 OUT3_ITRIP_FREQ R/W Oh Configures ITRIP regulation frequency for half-bridge 3.
00b = 20 kHz

01b =10 kHz

10b = 5 kHz

11b = 2.5 kHz

3-2 OUT2_ITRIP_FREQ/ R/W Oh Configures ITRIP regulation frequency for half-bridge 2.
PWM_OUT2_FREQ 00b =20 kHz

01b =10 kHz

10b = 5 kHz

11b = 2.5 kHz

When OUT2_MODE = 1. Used for PWM FREQ settings
PWM_OUT2_FREQ:

00b - 108Hz

01b - 217Hz

10b - 289Hz

11b - 434Hz

1-0 OUT1_ITRIP_FREQ/ R/wW Oh Configures ITRIP regulation frequency for half-bridge 1.
PWM_OUT1_FREQ 00b =20 kHz

01b =10 kHz

10b =5 kHz

11b = 2.5 kHz

When OUT1_MODE = 1. Used for PWM FREQ settings
PWM_OUT1_FREQ:

00b - 108Hz

01b-217Hz

10b - 289Hz

11b - 434Hz
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8.2.21 HS_HEAT_OUT_CNFG Register (Offset = 1Dh) [Reset = 0000h]
HS_HEAT_OUT_CNFG is shown in Table 8-36.

Return to the Summary Table.

Configures the output mode for each high-side driver and heater.
Table 8-36. HS_HEAT_OUT_CNFG Register Field Descriptions

Bit

Field

Type

Reset

Description

15-14

HEAT_CNFG

R/W

Oh

Configuration for heater driver. Enables or disables control of heater,
and sets control mode between PWM or SPI.

00b = Disabled

01b = SPI control enabled

10b = PWM1 pin control

11b = Reserved

13

RESERVED

R/W

Oh

Reserved

12

RESERVED

R/W

Oh

Reserved

11-10

OUT12_CNFG

R/W

Oh

Configuration for high-side driver 12. Enables or disables control of
high-side driver, and sets control mode between PWM or SPI.

00b = Disabled

01b = SPI control enabled

10b = PWM pin control

11b = PWM Generator

OUT11_CNFG

R/W

Oh

Configuration for high-side driver 11. Enables or disables control of
high-side driver, and sets control mode between PWM or SPI.

00b = Disabled

01b = SPI control enabled

10b = PWM pin control

11b = PWM Generator

7-6

OUT10_CNFG

R/wW

Oh

Configuration for high-side driver 10. Enables or disables control of
high-side driver, and sets control mode between PWM or SPI.

00b = Disabled

01b = SPI control enabled

10b = PWM pin control

11b = PWM Generator

5-4

OUT9_CNFG

R/wW

Oh

Configuration for high-side driver 9. Enables or disables control of
high-side driver, and sets control mode between PWM or SPI.
00b = Disabled

01b = SPI control enabled

10b = PWM pin control

11b = PWM Generator

OUT8_CNFG

R/wW

Oh

Configuration for high-side driver 8. Enables or disables control of
high-side driver, and sets control mode between PWM or SPI.
00b = Disabled

01b = SPI control enabled

10b = PWM pin control

11b = PWM Generator

1-0

OUT7_CNFG

R/W

Oh

Configuration for high-side driver 7. Enables or disables control of
high-side driver, and sets control mode between PWM or SPI.
00b = Disabled

01b = SPI control enabled

10b = PWM pin control

11b = PWM Generator
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8.2.22 HS_OC_CNFG Register (Offset = 1Eh) [Reset = 1000h]

HS_OC_CNFG is shown in Table 8-37.

Return to the Summary Table.

Configures overcurrent threshold for each high-side driver.
Table 8-37. HS_OC_CNFG Register Field Descriptions

Bit Field Type

Reset

Description

15 RESERVED R/W

Oh

Reserved

14 RESERVED R/W

Oh

Reserved

13 RESERVED R/W

Oh

Reserved

12 OUT11_EC_MODE R/W

1h

Bit sets high-side OUT11 for independent control through
OUT11_CNFG bits or for supply for Electrochromic dirver.

0b = OUT11 is configured as independent high-side driver. Drain of
EC FET is connected to PVDD

1b = OUT11 is configured as supply for EC FET

11 RESERVED R/W

Oh

Reserved

10 RESERVED R/wW

Oh

Reserved

9 RESERVED R/wW

Oh

Reserved

RESERVED R/wW

Oh

Reserved

RESERVED R/W

Oh

Reserved

RESERVED R/W

Oh

Reserved

| o | N | o

OUT12_OC_TH RIW

Oh

Configures overcurrent threshold between high or low for high-side
driver 12.

Ob = Low current threshold

1b = High current threshold

4 OUT11_OC_TH RIW

Oh

Configures overcurrent threshold between high or low for high-side
driver 11.

0Ob = Low current threshold

1b = High current threshold

3 OUT10_OC_TH RIW

Oh

Configures overcurrent threshold between high or low for high-side
driver 10.

0Ob = Low current threshold

1b = High current threshold

2 OUT9_OC_TH RIW

Oh

Configures overcurrent threshold between high or low for high-side
driver 9.

0b = Low current threshold

1b = High current threshold

1 OUT8_OC_TH RIW

Oh

Configures overcurrent threshold between high or low for high-side
driver 8.

0b = Low current threshold

1b = High current threshold

0 OUT7_RDSON_MODE R/wW

Oh

Configures high-side driver 7 between high RDSON mode and low
RDSON mode (for bulb/lamp load).

0b = High RDSON mode (LED driver mode)

1b = Low RDSON mode (bulb/lamp driver mode)
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8.2.23 HS_OL_CNFG Register (Offset = 1Fh) [Reset = 0000h]
HS_OL_CNFG is shown in Table 8-38.

Return to the Summary Table.

Configures open load threshold for each high-side driver.
Table 8-38. HS_OL_CNFG Register Field Descriptions

Bit Field Type Reset Description

15 RESERVED R/wW Oh Reserved

14 RESERVED R/wW Oh Reserved

13 OUT12_OLA_TH R/W Oh Configures high-side driver 12 open load threshold.

Ob = Low threshold
1b = High threshold

12 OUT11_OLA_TH R/W Oh Configures high-side driver 11 open load threshold.
Ob = Low threshold
1b = High threshold

11 OUT10_OLA_TH R/W Oh Configures high-side driver 10 open load threshold.
Ob = Low threshold
1b = High threshold

10 OUT9_OLA_TH R/W Oh Configures high-side driver 9 open load threshold.
0b = Low threshold
1b = High threshold

9 OUT8_OLA_TH R/W Oh Configures high-side driver 8 open load threshold.
0Ob = Low threshold
1b = High threshold

8 RESERVED R/W Oh Reserved

7 RESERVED R/wW Oh Reserved

6 RESERVED R/wW Oh Reserved

5 OUT12_OLA_EN R/W Oh Enables open load detection circuit for high-side driver 12.
4 OUT11_OLA_EN R/W Oh Enables open load detection circuit for high-side driver 11.
3 OUT10_OLA_EN R/W Oh Enables open load detection circuit for high-side driver 10.
2 OUT9_OLA_EN R/W Oh Enables open load detection circuit for high-side driver 9.

1 OUT8_OLA_EN R/W Oh Enables open load detection circuit for high-side driver 8.

0 OUT7_OLA_EN R/W Oh Enables open load detection circuit for high-side driver 7.
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8.2.24 HS_REG_CNFG1 Register (Offset = 20h) [Reset = 0000h]

HS REG_CNFGH1 is shown in Table 8-39.

Return to the Summary Table.
Configures OUT7 ITRIP settings.

Table 8-39. HS_REG_CNFG1 Register Field Descriptions

Bit Field Type Reset Description
15 RESERVED R/W Oh Reserved
14 RESERVED R/W Oh Reserved
13 RESERVED R/W Oh Reserved
12 RESERVED R/W Oh Reserved
11 RESERVED R/W Oh Reserved
10 RESERVED R/W Oh Reserved
9 RESERVED R/W Oh Reserved
8 RESERVED R/W Oh Reserved
7 OUT7_ITRIP_EN R/W Oh Enables ITRIP for high-side driver 7.
6 RESERVED R/W Oh Reserved
5 RESERVED R/W Oh Reserved
4 RESERVED R/W Oh Reserved
3-2 OUT7_ITRIP_FREQ R/W Oh Configures OUT7 ITRIP regulation frequency.
00b = 1.7 kHz
01b =2.2 kHz
10b = 3 kHz
11b =4.4 kHz
1-0 OUT7_ITRIP_DG R/W Oh Configures OUT7 ITRIP deglitch time.
00b = 48 us
01b =40 us
10b =32 ys
11b =24 ps
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8.2.25 HS_REG_CNFG2 Register (Offset = 21h) [Reset = 0000h]

HS REG_CNFG2 is shown in Table 8-40.

Return to the Summary Table.

Configures constant current mode for each high-side driver.
Table 8-40. HS_REG_CNFG2 Register Field Descriptions

Bit

Field

Type

Reset

Description

15

RESERVED

R/W

Oh

Reserved

14

RESERVED

R/W

Oh

Reserved

13

OUT12_CCM_TO

R/W

Oh

Configures the constant current mode current limit option of high-
side output 12.

Ob =350 mA

1b =450 mA

12

OUT11_CCM_TO

R/W

Oh

Configures the constant current mode current limit option of high-
side output 11.

Ob =350 mA

1b =450 mA

11

OUT10_CCM_TO

R/W

Oh

Configures the constant current mode current limit option of high-
side output 10.

Ob =350 mA

1b =450 mA

10

OUT9_CCM_TO

R/wW

Oh

Configures the constant current mode current limit option of high-
side output 9.
Ob =350 mA
1b =450 mA

OuUT8_CCM_TO

R/wW

Oh

Configures the constant current mode current limit option of high-
side output 8.
Ob =350 mA
1b =450 mA

OUT7_CCM_TO

R/wW

Oh

Configures the constant current mode current limit option of high-
side output 7. CCM values are based on OUT7_RDSON_MODE.
If OUT7_RDSON_MODE = 0b:

Ob =250 mA

1b =330 mA

IF OUT7_RDSON_MODE = 1b:

Ob =360 mA 1b = 450 mA

RESERVED

R/W

Oh

Reserved

RESERVED

R/W

Oh

Reserved

OUT12_CCM_EN

R/W

Oh

Enables constant current mode circuit for high-side driver 12.

OUT11_CCM_EN

R/W

Oh

Enables constant current mode circuit for high-side driver 11.

OUT10_CCM_EN

R/W

Oh

Enables constant current mode circuit for high-side driver 10.

OUT9_CCM_EN

R/wW

Oh

Enables constant current mode circuit for high-side driver 9.

OUT8_CCM_EN

R/wW

Oh

Enables constant current mode circuit for high-side driver 8.

Ol N Wl O|O|N

OUT7_CCM_EN

R/wW

Oh

Enables constant current mode circuit for high-side driver 7.
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8.2.26 HS_PWM_FREQ_CNFG Register (Offset = 22h) [Reset = 0000h]
HS PWM_FREQ_CNFG is shown in Table 8-41.

Return to the Summary Table.

Configures the frequency for each dedicated PWM generator.
Table 8-41. HS_PWM_FREQ_CNFG Register Field Descriptions

Bit

Field

Type

Reset

Description

15

RESERVED

R/W

Oh

Reserved

14

RESERVED

R/W

Oh

Reserved

13

RESERVED

R/W

Oh

Reserved

12

RESERVED

R/W

Oh

Reserved

11-10

PWM_OUT12_FREQ

R/W

Oh

Configures frequency output of dedicated PWM generator for high-
side driver 12.
00b = 108 Hz
01b =217 Hz
10b = 289 Hz
11b =434 Hz

9-8

PWM_OUT11_FREQ

R/wW

Oh

Configures frequency output of dedicated PWM generator for high-
side driver 11.
00b = 108 Hz
01b =217 Hz
10b = 289 Hz
11b =434 Hz

7-6

PWM_OUT10_FREQ

R/wW

Oh

Configures frequency output of dedicated PWM generator for high-
side driver 10.
00b = 108 Hz
01b =217 Hz
10b = 289 Hz
11b =434 Hz

PWM_OUT9_FREQ

R/wW

Oh

Configures frequency output of dedicated PWM generator for high-
side driver 9.
00b = 108 Hz
01b =217 Hz
10b = 289 Hz
11b =434 Hz

3-2

PWM_OUT8_FREQ

R/W

Oh

Configures frequency output of dedicated PWM generator for high-
side driver 8.
00b = 108 Hz
01b =217 Hz
10b = 289 Hz
11b =434 Hz

1-0

PWM_OUT7_FREQ

R/W

Oh

Configures frequency output of dedicated PWM generator for high-
side driver 7.
00b = 108 Hz
01b =217 Hz
10b = 289 Hz
11b =434 Hz
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8.2.27 HEAT_CNFG Register (Offset = 23h) [Reset = 0A3Ch]

HEAT_CNFG is shown in Table 8-42.
Return to the Summary Table.

Configures heater driver and fault responses.

Table 8-42. HEAT_CNFG Register Field Descriptions

Bit Field Type

Reset

Description

15 RESERVED R/W

Oh

Reserved

14 RESERVED R/W

Oh

Reserved

13 RESERVED R/W

Oh

Reserved

12 RESERVED R/W

Oh

Reserved

11-8 HEAT_VDS_LVL R/W

Ah

Heater MOSFET VDS monitor protection threshold.
0000b =0.06 V
00001b =0.08 V
0010b=0.10V
0011b=0.12V
0100b =0.14 V
0101b=0.16 V
0110b =0.18 V
0111b=0.2V
1000b =0.24 V
1001b =0.28 V
1010b =0.32V
1011b =0.36 V
1100b =04V
1101b =0.44 V
1110b = 0.56 V
1M1b=1V

7-6 HEAT_VDS_MODE R/wW

Oh

Heater MOSFET VDS overcurrent monitor fault mode.
00b = Latched fault.

01b = Cycle by cycle.

10b = Warning report only.

11b = Disabled.

5-4 HEAT_VDS_BLK R/wW

3h

Heater MOSFET VDS monitor blanking time.
00b =4 ps

01b =8 ps

10b =16 ps

11b =32 ps

3-2 HEAT_VDS_DG R/wW

3h

Heater MOSFET VDS overcurrent monitor deglitch time.
00b =1 ps
01b =2 ps
10b =4 ps
11b =8 us

1 HEAT _OLP_EN RIW

Oh

Enables heater offline open load detection circuit.

0 RESERVED R/W

Oh

Reserved
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8.2.28 EC_CNFG Register (Offset = 24h) [Reset = 0000h]
EC_CNFG is shown in Table 8-43.

Return to the Summary Table.

Configures electrochrome driver and fault responses.

Table 8-43. EC_CNFG Register Field Descriptions
Bit Field Type Reset Description

15-14 ECFB_DIAG R/W Oh Enables open-load detection circuit on ECFB.
00b = disable

01b =SC

10b = OLP

11b = disable/reserved

13-12 EC_OUT11_OCP_DG R/W Oh OUT11 OCP Deglitch setting when EC_MODE=1
00b =6 ps

01b =10 ps

10b =15 ps

11b =60 us

11-10 ECFB_SC_RSEL R/W Oh ECFB Diagnostic short-circuit detection options.
00b=0.5Q
01b=1.0Q
10b=2.0Q
11b=3.0Q

9-8 ECFB_OV_DG R/W Oh Configures overvoltage fault deglitch time. 00b = 20 ys
01b =50 ps

10b = 100 ps

11b =200 ps

7 RESERVED R/W Oh Reserved
6 RESERVED R/W Oh Reserved

5-4 ECFB_OV_MODE R/W Oh Configures ECFB OV fault response for EC driver.

Ob = No action

01b = Report ECFB_QV if voltage > 3V longer than EFB_OV_DG
time.

10b = Report ECFB_QV if voltage > 3V longer than EFB_OV_DG
time, drive ECDRV low with pulldown.

3 EC_FLT_MODE R/W Oh Configures overcurrent fault response for EC driver.
Ob = Hi-Z EC Driver
1b = Retry with OUT7 ITRIP settings

2 ECFB_LS_PWM R/W Oh Enables LS PWM discharge for EC load.
0b = No PWM discharge (Fast discharge)
1b = PWM discharge enabled

1 EC_OLEN R/W Oh This bit enables the open load detection circuit during EC discharge.
0Ob = Open load detection disabled during EC discharge
1b = Open load detection enabled during EC discharge

0 ECFB_MAX R/W Oh Configures the maximum target voltage for EC.
Ob=12V
1b=15V
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8.2.29 HS_REG_CNFG3 Register (Offset = 25h) [Reset = 0000h]

HS REG_CNFG3 is shown in Table 8-44.

Return to the Summary Table.
Configures HS ITRIP settings.

Table 8-44. HS_REG_CNFG3 Register Field Descriptions

Bit Field Type Reset Description
15 RESERVED R/W Oh Reserved
14 RESERVED R/W Oh Reserved
13 RESERVED R/W Oh Reserved
12 RESERVED R/W Oh Reserved
11-10 HS_OUT_ITRIP_FREQ R/W Oh ITRIP FREQ settings for OUT8-12
00b - 1.7KHz
01b - 2.2KHz
10b - 3KHz
11b - 4.4KHz
9-8 HS_OUT_ITRIP_DG R/W Oh Common ITRIP deglitch settings for OUT8-12 drivers
00b - 48 ps
01b-40 us
10b - 32 us
11b-24 us
7 RESERVED R/W Oh Reserved
6 RESERVED R/W Oh Reserved
5 RESERVED R/W Oh Reserved
4 HS_OUT12_ITRIP_EN R/W Oh Enables ITRIP for high-side driver 12.
3 HS_OUT11_ITRIP_EN R/W Oh Enables ITRIP for high-side driver 11.
2 HS_OUT10_ITRIP_EN R/W Oh Enables ITRIP for high-side driver 10.
1 HS_OUT9_ITRIP_EN R/W Oh Enables ITRIP for high-side driver 9.
0 HS_OUTS8_ITRIP_EN R/W Oh Enables ITRIP for high-side driver 8.
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8.2.30 SPARE_CNFG2 Register (Offset = 26h) [Reset = 0000h]
SPARE_CNFG2 is shown in Table 8-45.

Return to the Summary Table.

Spare configuration register.
Table 8-45. SPARE_CNFG2 Register Field Descriptions

Bit Field Type Reset Description
15 RESERVED R/wW Oh Reserved

14 RESERVED R/wW Oh Reserved
13 RESERVED R/W Oh Reserved

12 RESERVED R/W Oh Reserved

11 RESERVED R/W Oh Reserved
10 RESERVED R/wW Oh Reserved

9 RESERVED R/W Oh Reserved

8 RESERVED R/W Oh Reserved

7 RESERVED R/wW Oh Reserved

6 RESERVED R/wW Oh Reserved

5 RESERVED R/W Oh Reserved

4 RESERVED R/W Oh Reserved

3 RESERVED R/W Oh Reserved

2 RESERVED R/wW Oh Reserved

1 RESERVED R/W Oh Reserved

0 RESERVED R/W Oh Reserved
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8.2.31 OUT1_HS_MODE_DC Register (Offset = 27h) [Reset = 0000h]
OUT1_HS MODE_DC is shown in Table 8-46.

Return to the Summary Table.

Configures 10 bits for duty cycle
Table 8-46. OUT1_HS_MODE_DC Register Field Descriptions

Bit Field Type Reset Description

15 RESERVED R/wW Oh Reserved

14 RESERVED R/wW Oh Reserved

13 RESERVED R/W Oh Reserved

12 RESERVED R/W Oh Reserved

11 RESERVED R/W Oh Reserved

10 RESERVED R/wW Oh Reserved

9-0 ouT1_DC R/W Oh 10-bit resolution control of Duty Cycle for dedicated PWM generator

for OUT1 with max value of 1022 when OUT1_MODE=1.
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8.2.32 OUT2_HS_MODE_DC Register (Offset = 28h) [Reset = 0000h]
OUT2_HS MODE_DC is shown in Table 8-47.

Return to the Summary Table.

Configures 10 bits for duty cycle
Table 8-47. OUT2_HS_MODE_DC Register Field Descriptions

Bit Field Type Reset Description

15 RESERVED R/wW Oh Reserved

14 RESERVED R/wW Oh Reserved

13 RESERVED R/W Oh Reserved

12 RESERVED R/W Oh Reserved

11 RESERVED R/W Oh Reserved

10 RESERVED R/wW Oh Reserved

9-0 ouT2_DC R/W Oh 10-bit resolution control of Duty Cycle for dedicated PWM generator

for OUT2 with max value of 1022 when OUT2_MODE=1.
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8.3 DRV8000-Q1_CTRL Registers

Table 8-48 lists the memory-mapped registers for the DRV8000-Q1_CTRL registers. All register offset addresses
not listed in Table 8-48 should be considered as reserved locations and the register contents should not be

modified.
Table 8-48. DRV8000-Q1_CTRL Registers
Offset Acronym Register Name Section
29h IC_CTRL IC control register. Section 8.3.1
2Ah GD_HB_CTRL Gate driver and half-bridge control register. Section 8.3.2
2Bh HS_EC_HEAT_CTRL High-side driver, EC, and heater driver control register. Section 8.3.3
2Ch OUT7_PWM_DC OUT7 PWM Duty cycle control register. Section 8.3.4
2Dh OouT8_PWM_DC OUT8 PWM Duty cycle control register. Section 8.3.5
2Eh OUT9_PWM_DC OUT9 PWM Duty cycle control register. Section 8.3.6
2Fh OuUT10_PWM_DC OUT10 PWM Duty cycle control register. Section 8.3.7
30h OUT11_PWM_DC OUT11 PWM Duty cycle control register. Section 8.3.8
31h OouUT12_PWM_DC OUT12 PWM Duty cycle control register. Section 8.3.9

Complex bit access types are encoded to fit into small table cells. Table 8-49 shows the codes that are used for

access types in this section.

Table 8-49. DRV8000-Q1_CTRL Access Type Codes

Access Type ‘ Code ‘ Description

Read Type

R R |Read

Write Type

w W | write

Reset or Default Value

-n Value after reset or the default
value
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8.3.1 IC_CTRL Register (Offset = 29h) [Reset = 006Ch]
IC_CTRL is shown in Table 8-50.

Return to the Summary Table.
Control register to lock and unlock configuration or control registers, and clear faults.
Table 8-50. IC_CTRL Register Field Descriptions

Bit Field Type Reset Description

15 RESERVED R/wW Oh Reserved

14 RESERVED R/wW Oh Reserved

13 IPROPI_MODE R/W Oh Selects IPROPI/PWM2 pin mode between input and output modes.

0b = Output (IPROPI mode)
1b = Input (PWM mode)

12-8 IPROPI_SEL R/W Oh Controls IPROPI MUX output between current, voltage, and
temperature sense output.

00000b = No output

00001b = OUT1 current sense output

00010b = OUT2 current sense output

00011b = OUT3 current sense output

00100b = OUT4 current sense output

00101b = OUT5 current sense output

00110b = OUT6 current sense output

00111b = OUT7 current sense output

01000b = OUT8 current sense output

01001b = OUT9 current sense output

01010b = OUT10 current sense output

01011b = OUT11 current sense output

01100b = OUT12 current sense output

01101b = Reserved.

01110b = Reserved.

01111b = Reserved.

10000b = VPVDD Sense Nominal Range (5V -22V)
10001b = Thermal cluster 1 output

10010b = Thermal cluster 2 output

10011b = Thermal cluster 3 output

10100b = Thermal cluster 4 output

10101b = VPVDD Sense High Range (20V - 32V)

7-5 CTRL_LOCK R/W 3h Lock and unlock the control registers. Bit settings not listed have no
effect.

011b = Unlock all control registers.

110b = Lock the control registers by ignoring further writes except to
the IC_CTRL register.

4-2 CNFG_LOCK R/W 3h Lock and unlock the configuration registers. Bit settings not listed
have no effect.

011b = Unlock all configuration registers.

110b = Lock the configuration registers by ignoring further writes.

1 WD_RST R/W Oh Watchdog restart.

0b by default after power up.

Invert this bit to restart the watchdog timer.

After written, the bit reflects the new inverted value.

0 CLR_FLT R/W Oh Clear latched fault status information.

Ob = Default state.

1b = Clear latched fault bits, resets to Ob after completion. It also
clears SPI fault and watchdog fault status.
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8.3.2 GD_HB_CTRL Register (Offset = 2Ah) [Reset = 0000h]
GD_HB_CTRL is shown in Table 8-51.

Return to the Summary Table.

Gate driver and half-bridge output control register.
Table 8-51. GD_HB_CTRL Register Field Descriptions

Bit Field

Type

Reset

Description

15 S_HIz2

R/W

Oh

Gate driver 2 Hi-Z control bit.

Active only in half-bridge input control mode.

0b = Outputs follow GD_IN2 signal.

1b = Gate drivers ISTRONG pulldowns are enabled. Half-bridge 2
Hi-Z

14 S_HIZ1

R/W

Oh

Gate driver 1 Hi-Z control bit.

Active only in half-bridge input control mode.

0b = Outputs follow GD_IN1 signal.

1b = Gate drivers ISTRONG pulldowns are enabled. Half-bridge 1
Hi-Z

13 S_IN2

R/W

Oh

Register control bit alternative to GD_IN2 input pin signal.
Enabled through IN2_MODE bit.

12 S_IN1

R/W

Oh

Register control bit alternative to GD_IN1 input pin signal.
Enabled through IN1_MODE bit.

11-10 OUT6_CTRL

R/W

Oh

Integrated half-bridge output 6 control.
00b = OFF

01b =HS ON

10b =LS ON

11b = RSVD

9-8 OUT5_CTRL

R/wW

Oh

Integrated half-bridge output 5 control.
00b = OFF

01b =HS ON

10b =LS ON

11b = RSVD

7-6 OUT4_CTRL

R/wW

Oh

Integrated half-bridge output 4 control.
00b = OFF

01b =HS ON

10b =LS ON

11b = RSVD

5-4 OUT3_CTRL

R/wW

Oh

Integrated half-bridge output 3 control.
00b = OFF

01b =HS ON

10b =LS ON

11b = RSVD

3-2 OUT2_CTRL

R/W

Oh

Integrated half-bridge output 2 control.
00b = OFF

01b =HS ON

10b =LS ON

11b = RSVD

1-0 OUT1_CTRL

R/W

Oh

Integrated half-bridge output 1 control.
00b = OFF

01b =HS ON

10b =LS ON

11b = RSVD
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8.3.3 HS_EC_HEAT_CTRL Register (Offset = 2Bh) [Reset = 0000h]
HS _EC HEAT CTRL is shown in Table 8-52.

Return to the Summary Table.

High-side driver, EC, and heater driver output control register.

Table 8-52. HS_EC_HEAT_CTRL Register Field Descriptions

Bit Field Type Reset Description
15 ECFB_LS EN R/W Oh Enables EC discharge with LS MOSFET on ECFB while the EC
regulation is active.
14 EC_ON R/W Oh Enables the EC output.
13-8 EC_V_TAR R/W Oh 6-bits of resolution to control the target voltage on ECFB. 0 V to
ECFB max (1.2 or 1.5V).
7 HEAT_EN R/W Oh Enables heater output.
6 RESERVED R/W Oh Reserved
5 OUT12_EN R/W Oh Enables high-side driver 12.
4 OUT11_EN R/W Oh Enables high-side driver 11.
3 OUT10_EN R/W Oh Enables high-side driver 10.
2 OUT9_EN R/W Oh Enables high-side driver 9.
1 OUT8_EN R/W Oh Enables high-side driver 8.
0 OUT7_EN R/W Oh Enables high-side driver 7.
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8.3.4 OUT7_PWM_DC Register (Offset = 2Ch) [Reset = 0000h]

OUT7_PWM_DC is shown in Table 8-53.

Return to the Summary Table.

10-bit duty cycle control for high-side driver 7.
Table 8-53. OUT7_PWM_DC Register Field Descriptions

Bit Field Type Reset Description

15 RESERVED R/wW Oh Reserved

14 RESERVED R/wW Oh Reserved

13 RESERVED R/W Oh Reserved

12 RESERVED R/W Oh Reserved

11 RESERVED R/W Oh Reserved

10 RESERVED R/wW Oh Reserved

9-0 OuUT7_DC R/W Oh 10-bit resolution control of Duty Cycle for dedicated PWM generator

for high-side driver 7 with max value of 1022.
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8.3.5 OUT8_PWM_DC Register (Offset = 2Dh) [Reset = 0000h]

OUT8 PWM_ DC is shown in Table 8-54.

Return to the Summary Table.

10-bit duty cycle control for high-side driver 8.
Table 8-54. OUT8_PWM_DC Register Field Descriptions

Bit Field Type Reset Description

15 RESERVED R/wW Oh Reserved

14 RESERVED R/wW Oh Reserved

13 RESERVED R/W Oh Reserved

12 RESERVED R/W Oh Reserved

11 RESERVED R/W Oh Reserved

10 RESERVED R/wW Oh Reserved

9-0 OouT8_DC R/W Oh 10-bit resolution control of Duty Cycle for dedicated PWM generator

for high-side driver 8 with max value of 1022.
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8.3.6 OUT9_PWM_DC Register (Offset = 2Eh) [Reset = 0000h]

OUT9 _PWM_ DC is shown in Table 8-55.

Return to the Summary Table.

10-bit duty cycle control for high-side driver 9.
Table 8-55. OUT9_PWM_DC Register Field Descriptions

Bit Field Type Reset Description

15 RESERVED R/wW Oh Reserved

14 RESERVED R/wW Oh Reserved

13 RESERVED R/W Oh Reserved

12 RESERVED R/W Oh Reserved

11 RESERVED R/W Oh Reserved

10 RESERVED R/wW Oh Reserved

9-0 ouT9_DC R/W Oh 10-bit resolution control of Duty Cycle for dedicated PWM generator

for high-side driver 9 with max value of 1022.
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8.3.7 OUT10_PWM_DC Register (Offset = 2Fh) [Reset = 0000h]

OUT10_PWM_DC is shown in Table 8-56.

Return to the Summary Table.

10-bit duty cycle control for high-side driver 10.
Table 8-56. OUT10_PWM_DC Register Field Descriptions

Bit Field Type Reset Description

15 RESERVED R/wW Oh Reserved

14 RESERVED R/wW Oh Reserved

13 RESERVED R/W Oh Reserved

12 RESERVED R/W Oh Reserved

11 RESERVED R/W Oh Reserved

10 RESERVED R/wW Oh Reserved

9-0 OouT10_DC R/W Oh 10-bit resolution control of Duty Cycle for dedicated PWM generator

for high-side driver 10 with max value of 1022.
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8.3.8 OUT11_PWM_DC Register (Offset = 30h) [Reset = 0000h]

OUT11_PWM_DC is shown in Table 8-57.

Return to the Summary Table.

10-bit duty cycle control for high-side driver 11.
Table 8-57. OUT11_PWM_DC Register Field Descriptions

Bit Field Type Reset Description

15 RESERVED R/wW Oh Reserved

14 RESERVED R/wW Oh Reserved

13 RESERVED R/W Oh Reserved

12 RESERVED R/W Oh Reserved

11 RESERVED R/W Oh Reserved

10 RESERVED R/wW Oh Reserved

9-0 OuT11_DC R/W Oh 10-bit resolution control of Duty Cycle for dedicated PWM generator

for high-side driver 11 with max value of 1022.
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8.3.9 OUT12_PWM_DC Register (Offset = 31h) [Reset = 0000h]

OUT12_PWM_DC is shown in Table 8-58.

Return to the Summary Table.

10-bit duty cycle control for high-side driver 12.
Table 8-58. OUT12_PWM_DC Register Field Descriptions

Bit Field Type Reset Description

15 RESERVED R/wW Oh Reserved

14 RESERVED R/wW Oh Reserved

13 RESERVED R/W Oh Reserved

12 RESERVED R/W Oh Reserved

11 RESERVED R/W Oh Reserved

10 RESERVED R/wW Oh Reserved

9-0 OuT12_DC R/W Oh 10-bit resolution control of Duty Cycle for dedicated PWM generator

for high-side driver 12 with max value of 1022.
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9 Application and Implementation

Note

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

9.1 Application Information

The DRV800x-Q1 is a highly configurable multichannel integrated half-bridge and half-bridge MOSFET gate
driver than can be used to drive a variety of different output loads. The design examples below highlight how to
use and configure the device for different application use cases.

9.2 Typical Application

The typical application for the DRV8000-Q1 is to control multiple loads in a typical automotive door. These
include multiple integrated half-bridges and high-side drivers, an electrochromic mirror driver and external
high-side MOSFET driver for a heating element, and an external MOSFET H-bridge driver with current shunt
amplifier. A high-level schematic example is shown in DRV8000-Q1 Typical Application below.
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Figure 9-1. DRV8000-Q1 Typical Application
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9.2.1 Design Requirements
Table 9-1 lists a set of example input parameters for the system design.

Table 9-1. Design Parameters

PARAMETER VALUE
PVDD Supply Voltage Range 9to 18V
PVDD Nominal Supply Voltage 13.5V
DVDD Logic Supply Voltage Range 3.3V
IPROPI Resistance 2.35kQ
H-bridge MOSFET Total Gate Charge 30nC (typical) at Vgs = 10V
H-bridge MOSFET Gate to Drain Charge 5nC (typical)
H-bridge MOSFET On Resistance 4mQ
Target Output Rise Time 750-1000ns
Target Output Fall Time 250-500ns
PWM Frequency 20kHz
Maximum H-bridge Motor Current 25A
Shunt Resistor Power Capability 3w

9.2.2 Detailed Design Procedure

9.2.2.1 Ipgve Calculation Example

The gate drive current strength, Iprive, is selected based on the gate-to-drain charge of the external MOSFETs
and the target rise and fall times at the switch-node. If Ipgye is selected to be too low for a given MOSFET, then
the MOSFET can not turn on or off completely within the configured tpr;ye time and a gate fault can be asserted.
Additionally, slow rise and fall times leads to higher switching power losses in the external power MOSFETSs. Tl
recommends to verify these values in system with the required external MOSFETs and load to determine the
designed for settings.

The Iprivep and Ipriven for both the high-side and low-side external MOSFETs are configurable in register
GD_IDRV_CNFG.

For MOSFETs with a known gate-to-drain charge (Qgp), desired rise time (t;is¢), and a desired fall time (i), use
Equation 4 and Equation 5 to calculate the approximate values of Ipgvep and Iprven (respectively).

Ipriver = Qap / trise (4)
IpriIvEN = Qap / tral (5)

Using the input design parameters as an example, we can calculate the approximate values for Ipgyep and
IDRIVEN-

IprIvEP_HI = 5nC / 750ns = 6.67mA (6)

Iprivep Lo = 5nC /1000ns = 5mA (7)
Based on these calculations a value of 6mA was chosen for Iprvep.

IbrivEN_Hi = 5nC / 250ns = 20mA (8)

IprivEN_Lo = 5nC / 500ns = 10mA (9)

Based on these calculations, a value of 16 mA was chosen for Ipryven-
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9.2.2.2 tpryve Calculation Example

The driver gate to source monitor timeout (tpryve) is configured to allow sufficient time for the external MOSFETs
to charge and discharge for the selected Iprvg gate current. By default, the setting is 8us which is sufficient for
many systems. Then determine an appropriate tprye value, the equation below can be utilized.

torive > Qg_tot / IbRIVE (10)
Using the input design parameters as an example, we can calculate the approximate values for tprve.
torive > 30nC / 6mA = 5us (11)

Based on these calculations a value of 8 us was chosen for tprve.
9.2.2.3 Maximum PWM Switching Frequency

The maximum PWM frequency of the driver is typically determined by multiple factors in the system. While the
DRV800x-Q1 device can support up to 100kHz, system parameters can limit this to a lower value.

These system parameters include:

» The rise and fall times of the external MOSFETs.

» The MOSFET Qg and load on the charge pump.

*  The minimum and maximum duty cycle requirements (Ex. 10% to 90%)

9.2.2.4 Current Shunt Amplifier Configuration

The DRV800x-Q1 differential shunt amplifier gain and shunt resistor value are selected based on the dynamic
current range, reference voltage supply, shunt resistor power rating, and operating temperature range. In
bidirectional operation of the shunt amplifier, the dynamic range at the output is approximately calculated as
shown in the equation for Bidirectional SO Voltage. The output of the amplifier can swing from the midpoint
reference (Vpypp / 2) to either 0.25V or Vpypp - 0.25V depending on the polarity of the input voltage to the
amplifier.

Vso i = (Vpvop - 0.25V) - (Vpypp / 2) (12)

If only unidirectional current sensing is required, the amplifier reference can be modified to expand the dynamic
range at the output. The is modified through the CSA_DIV SPI register setting. In this mode, the dynamic range
at the output is approximately calculated as shown in Vo yni-

Vso_uni = (Vpvop - 0.25V) - (Vpypp / 8) (13)

Based on Vpypp = 3.3V, the dynamic out range in both bidirectional or unidirectional sensing can be calculated
as shown below:

Vso i = (3.3V -0.25V) - (3.3V/2) = 1.4V (14)
Vso_uni = (3.3V - 0.25V) - (3.3V / 8) = 2.6375V (15)

The external shunt resistor value and shunt amplifier gain setting are selected based on the available dynamic
output range, the shunt resistor power rating, and maximum motor current that needs to be measured. This
exact values for the shunt resistance and amplifier gain are determine by both Rgyynt calculation and Amplifier
Gain calculation.

RsHUNT < PsHunT / Imax 2 (16)
Av < Vso / (Imax X RsHunt) (17)

Based on Vgg = 1.4V, Iyax = 25A and Pgpunt = 3 W, the values for shunt resistance and amplifier gain can be
calculated as shown below:
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Rshunt < 3W /252 A = 4.8mQ (18)

Ay < 1.4V / (25A x 4.8mQ) = 11.67V/IV (19)

Based on the results, a shunt resistance of 4mQ and an amplifier gain of 10V/V can be selected.

9.3 Power Supply Recommendations

9.3.1 Bulk Capacitance Sizing

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

* The highest current required by the motor system

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

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

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

* The motor start-up and braking methods

The inductance between the power supply and motor drive system can limit the current rate 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 adequate bulk capacitance is used, the motor voltage remains
stable and high current can be quickly supplied.

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

Parasitic Wire
Inductance

Power Supply Motor Driver System

Motor Driver

Figure 9-2. Motor Driver Supply Parasitics Example

9.4 Layout
9.4.1 Layout Guidelines

Bypass the PVDD pin to the GND pin using a low-ESR ceramic bypass capacitor Cpypp1. Place this capacitor
as close to the PVDD pin as possible with a thick trace or ground plane connected to the GND pin. Additionally,
bypass the PVDD pin using a bulk capacitor Cpypp2 rated for PVDD. This component can be electrolytic. This
capacitance must be at least 10uF. Having the capacitance shared with the bulk capacitance for the external
power MOSFETs is acceptable.

Place a low-ESR ceramic capacitor Cgyq and Cgyo between the CPL1 / CPH1 and CPL2 / CP2H pins.
Additionally, place a low-ESR ceramic capacitor Cy,cp between the VCP and PVDD pins.
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Additional bulk capacitance is required to bypass the high current path on the external power MOSFETs of the
H-bridge driver. Place this bulk capacitance such that the length of any high current paths is minimized through
the external MOSFETs. Keep the connecting metal traces as wide as possible, with numerous vias connecting
PCB layers. These practices minimize inductance and allow the bulk capacitor to deliver high current.

For H-bridge driver external MOSFETSs, bypass the drain pin to GND plane using a low-ESR ceramic bypass
capacitor with appropriate voltage rating. Place this capacitor as close to the MOSFET drain and source pins as
possible, with a thick trace or plane connection to GND plane. Place the series gate resistors as close to the
MOSFET gate pins as possible.

For the current shunt amplifier, the placement of the sense resistor is in line with the components of the power
stage to minimize trace impedance. If possible, the shunt resistor is also be placed close to the connection to the
CSA to decrease the possibility of coupling on other traces on the board.

For high-side current sense, the shunt resistor is near the star point between the supply and the source of
the high-side MOSFETs. For low-side current sense, the shunt resistor is between the source of the low-side
MOSFET and the star point ground connection of the power stage. The remaining components is placed nearest
to the device.

Routing of the sense signals is done using a differential pair. In a differential pair, both signals are tightly coupled
in the layout and the traces must run parallel from the shunt or sense resistor to the CSA at the input of the IC.

Bypass the DVDD pin to the DGND pin with Cpypp- Place this capacitor as close to the pin as possible and
minimize the path from the capacitor to the DGND pin. If local bypass capacitors are already present on these
power supplies in close proximity of the device to minimize noise, these additional components for DVDD are not
required.

For the EC driver, place both the Cecpry and Cecpg bypass capacitors to GND as close to the respective pins as
possible.

Do not connect the SL pin directly to the GND plane. Instead, use dedicated traces to connect these pins to the
sources of the low-side external MOSFETs. These recommendations allow for more accurate VDS sensing of
the external MOSFETSs for overcurrent detection.

Minimize the loop length for the high-side and low-side gate drivers. The high-side loop is from the GHx pin of
the device to the high-side power MOSFET gate, then follows the high-side MOSFET source back to the SHx
pin. The low-side loop is from the GLx pin of the device to the low-side power MOSFET gate, then follows the
low-side MOSFET source back to the SL pin.
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9.4.2 Layout Example

PVDD
Bypass

C45 C48 cC+47
(| " El N Charge Pump

E ; C46 Capacitors
[ ]

SO Filter
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. T Caution
DVDD Cé8 RS? C67 : 2
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Figure 9-3. DRV8000-Q1 Component Placement and Layout

The layout screen shot above shows the device component and layout relative to the device. This layout screen
shot comes from the device evaluation module. Note that all power supply decoupling capacitors, especially
smaller values, and charge pump capacitors are placed as closed to the pins as possible and are placed on the
same layer of the device. All general guidelines outlined in the previous section were followed in the evaluation

module layout design when possible.
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10 Device and Documentation Support

Tl offers an extensive line of development tools. Tools and software to evaluate the performance of the device,
generate code, and develop designs are listed below.

10.1 Receiving Notification of Documentation Updates

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

10.2 Support Resources

TI E2E™ support forums are an engineer's go-to source for fast, verified answers and design help — straight
from the experts. Search existing answers or ask your own question to get the quick design help you need.

Linked content is provided "AS IS" by the respective contributors. They do not constitute Tl specifications and do
not necessarily reflect Tl's views; see TlI's Terms of Use.

10.3 Trademarks

TI E2E™ is a trademark of Texas Instruments.

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

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

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

10.5 Glossary

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

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

Changes from Revision A (September 2025) to Revision B (January 2026) Page
» Added description and orderable part number for DRV8000E-Q1 variant and selection considerations in
T = (o= @) 1T o= T o ORI 3
* Add clarification in package figure for t0P VIEW.........o.uiiiii e 4
» Added specifications for DRV8B000E-Q1 open load detection thresholds in Electrical Characteristics ............. 7
» Added clarification for Half-bridge propagation delays based on slew rate in Electrical Characteristics and
added characterization graphs in the Typical Characteristics SeCtoN............cccccoiiiiiiiiiiii e 7
» Added characterization graphs for Half-bridge propagation delays across temperature by slew rate in Typical
CRAFACTEIISTICS ........ceeeeeeeeeeeeee ettt e e e e ettt eaeeeeeeeeeeeaeaeeeeeeeeeeeaeaaeta b s b nnnann e aeeaaaanns 27
» Updated description for open load detection threshold and added table for variant comparison in Half-Bridge
OFf-State DIagNOSHICS (OLP) ........ooi oottt e e bt e e e e s bt e e e s e a b e e e e e abbe e e e e eannee 54
» Added note for recommendation for tolerance on external MOSFET VDS selection if configured for
Independent Half-bridge mode in Gate Driver MOGES ..............oocuuiiiiiiiiiiii e 59

12 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated 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 ©)
@ ©)
DRV8000EQWRGZRQ1 Active Production VQFN (RGZ) | 48 2500 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 125 DRV8000E
DRV8000QWRGZRQ1 Active Production VQFN (RGZ) | 48 2500 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 125 DRV8000

@ 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.

Addendum-Page 1


https://www.ti.com/product/DRV8000-Q1/part-details/DRV8000EQWRGZRQ1
https://www.ti.com/product/DRV8000-Q1/part-details/DRV8000QWRGZRQ1
https://www.ti.com/support-quality/quality-policies-procedures/product-life-cycle.html
https://www.ti.com/lit/szzq088

PACKAGE MATERIALS INFORMATION

I3 TEXAS
INSTRUMENTS
www.ti.com 15-Jan-2026
TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO [¢—P1—
L Regic oy Rogic e o T
o| |e o Bo W
el |
. Diameter ' '
Cavity —>| AO |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ ]
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O O O O 0O O 0 O0 Sprocket Holes
| |
T T
St N Il )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ & A |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
DRV8000EQWRGZRQ1 | VQFN RGZ 48 2500 330.0 16.4 7.3 7.3 11 12.0 | 16.0 Q2
DRV8000QWRGZRQ1 | VQFN RGZ 48 2500 330.0 16.4 7.3 7.3 11 12.0 | 16.0 Q2
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TAPE AND REEL BOX DIMENSIONS
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
DRVB000EQWRGZRQ1 VQFN RGZz 48 2500 360.0 360.0 36.0
DRV8000QWRGZRQ1 VQFN RGZz 48 2500 367.0 367.0 35.0
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GENERIC PACKAGE VIEW
RGZ 48 VQFN - 1 mm max height

7x 7,0.5 mm pitch PLASTIC QUADFLAT PACK- NO LEAD

Images above are just 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
RGZ0048M VQFN - 1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD
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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.
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EXAMPLE BOARD LAYOUT
RGZ0048M VQFN - 1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD
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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
RGZ0048M VQFN - 1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD
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NOTES: (continued)

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

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATASHEETS), 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 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, TI's General Quality Guidelines, 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. Unless Tl explicitly designates a product as custom or customer-specified, TI products
are standard, catalog, general purpose devices.

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

Copyright © 2026, Texas Instruments Incorporated
Last updated 10/2025


https://www.ti.com/legal/terms-conditions/terms-of-sale.html
https://www.ti.com/lit/pdf/SZZQ076
https://www.ti.com

	1 Features
	2 Applications
	3 Description
	Table of Contents
	4 Device Comparison
	5 Pin Configuration and Functions
	6 Specifications
	6.1 Absolute Maximum Ratings
	6.2 ESD Ratings Auto
	6.3 Recommended Operating Conditions
	6.4 Thermal Information RGZ package
	6.5 Electrical Characteristics
	6.6 Timing Requirements
	6.7 Typical Characteristics

	7 Detailed Description
	7.1 Overview
	7.2 Functional Block Diagram
	7.3 External Components
	7.4 Feature Description
	7.4.1 Heater MOSFET Driver
	7.4.1.1 Heater MOSFET Driver Control
	7.4.1.2 Heater MOSFET Driver Protection
	7.4.1.2.1 Heater SH_HS Internal Diode
	7.4.1.2.2 Heater MOSFET VDS Overcurrent Protection (HEAT_VDS)
	7.4.1.2.3 Heater MOSFET Open Load Detection


	7.4.2 High-Side Drivers
	7.4.2.1 High-side Driver Control
	7.4.2.1.1 High-side Driver PWM Generator
	7.4.2.1.2 Constant Current Mode
	7.4.2.1.3 OUTx HS ITRIP Behavior
	7.4.2.1.4 High-side Drivers - Parallel Outputs

	7.4.2.2 High-side Driver Protection Circuits
	7.4.2.2.1 High-side Drivers Internal Diode
	7.4.2.2.2 High-side Driver Short-circuit Protection
	7.4.2.2.3 High-side Driver Overcurrent Protection
	7.4.2.2.4 High-side Driver Open Load Detection


	7.4.3 Electrochromic Glass Driver
	7.4.3.1 Electrochromic Driver Control
	7.4.3.2 Electrochromic Driver Protection

	7.4.4 Half-bridge Drivers
	7.4.4.1 Half-bridge Control
	7.4.4.2 OUT1 and OUT2 High-side Driver Mode
	7.4.4.3 Half-bridge Register Control
	7.4.4.4 Half-Bridge ITRIP Regulation
	7.4.4.5 Half-bridge Protection and Diagnostics
	7.4.4.5.1 Half-Bridge Off-State Diagnostics (OLP)
	7.4.4.5.2 Half-bridge Open Load Detection
	7.4.4.5.3 Half-Bridge Overcurrent Protection


	7.4.5 Gate Drivers
	7.4.5.1 Input PWM Modes
	7.4.5.1.1 Half-Bridge Control
	7.4.5.1.2 H-Bridge Control
	7.4.5.1.3 DRVOFF - Gate Driver Shutoff Pin

	7.4.5.2 Smart Gate Driver - Functional Block Diagram
	7.4.5.2.1 Smart Gate Driver
	7.4.5.2.2 Functional Block Diagram
	7.4.5.2.3 Slew Rate Control (IDRIVE)
	7.4.5.2.4 Gate Driver State Machine (TDRIVE)
	7.4.5.2.4.1 tDRIVE Calculation Example

	7.4.5.2.5 Propagation Delay Reduction (PDR)
	7.4.5.2.6 PDR Pre-Charge/Pre-Discharge Control Loop Operation Details
	7.4.5.2.7 PDR Post-Charge/Post-Discharge Control Loop Operation Details
	7.4.5.2.7.1 PDR Post-Charge/Post-Discharge Setup

	7.4.5.2.8 Detecting Drive and Freewheel MOSFET
	7.4.5.2.9 Automatic Duty Cycle Compensation (DCC)
	7.4.5.2.10 Closed Loop Slew Time Control (STC)
	7.4.5.2.10.1 STC Control Loop Setup


	7.4.5.3 Tripler (Double-Stage) Charge Pump
	7.4.5.4 Wide Common Mode Differential Current Shunt Amplifier
	7.4.5.5 Gate Driver Protection Circuits
	7.4.5.5.1 MOSFET VDS Overcurrent Protection (VDS_OCP)
	7.4.5.5.2 Gate Driver Fault (VGS_GDF)
	7.4.5.5.3 Offline Short-circuit and Open Load Detection (OOL and OSC)


	7.4.6 Sense Output (IPROPI)
	7.4.7 Protection Circuits
	7.4.7.1 Fault Reset (CLR_FLT)
	7.4.7.2 DVDD Logic Supply Power on Reset (DVDD_POR)
	7.4.7.3 PVDD Supply Undervoltage Monitor (PVDD_UV)
	7.4.7.4 PVDD Supply Overvoltage Monitor (PVDD_OV)
	7.4.7.5 VCP Charge Pump Undervoltage Lockout (VCP_UV)
	7.4.7.6 Thermal Clusters
	7.4.7.7 Watchdog Timer
	7.4.7.8 Fault Detection and Response Summary Table


	7.5 Programming
	7.5.1 Serial Peripheral Interface (SPI)
	7.5.2 SPI Format
	7.5.3 Timing Diagrams


	8 DRV8000-Q1 Register Map
	8.1 DRV8000-Q1_STATUS Registers
	8.2 DRV8000-Q1_CNFG Registers
	8.3 DRV8000-Q1_CTRL Registers

	9 Application and Implementation
	9.1 Application Information
	9.2 Typical Application
	9.2.1 Design Requirements
	9.2.2 Detailed Design Procedure
	9.2.2.1 IDRIVE Calculation Example
	9.2.2.2 tDRIVE Calculation Example
	9.2.2.3 Maximum PWM Switching Frequency
	9.2.2.4 Current Shunt Amplifier Configuration


	9.3 Power Supply Recommendations
	9.3.1 Bulk Capacitance Sizing

	9.4 Layout
	9.4.1 Layout Guidelines
	9.4.2 Layout Example


	10 Device and Documentation Support
	10.1 Receiving Notification of Documentation Updates
	10.2 Support Resources
	10.3 Trademarks
	10.4 Electrostatic Discharge Caution
	10.5 Glossary

	11 Revision History
	12 Mechanical, Packaging, and Orderable Information



