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DRV8000-Q1 Automotive Highly-integrated, Multi-function Driver for Door Control

1 Features

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

* 4.5V 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

Integrated Half-bridge with Ioyt Max 8A (Rpson
=132mQ, 66mQ per FET)

* 1 Integrated Half-bridge with Ioyt Max 7A (Rpson
=160mQ, 80mQ per FET)

* 2 Integrated Half-bridges with Ioyt Max 4A (Rpson
=400mQ, 200mQ per FET)

» 2 Integrated Half-bridges with oyt Max 1.3A load
(Rpson = 1500mQ, 750mQ per FET)

» 1 Configurable Integrated High-side driver as
Lamp or LED driver with Igyt Max 1.5/0.5A (Rpson
= 0.4/1.5Q)

» 5 Integrated High-side drivers for 0.5/0.25A load
(Rpson = 1.5Q)

— 1 High-side driver to supply electro chromic
(EC) glass MOSFET

* 1 external MOSFET gate driver for charge of
electro chromic glass

* 1 integrated Low-side FET for discharge of electro
chromic 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

— Scaled supply voltage output

» 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
— Over current and over temperature protection
* Device Comparison Table
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2 Applications

* Door module
* Body control modules
e Zonal module

3 Description

The DRV8000-Q1 device integrates multiple types of
drivers intended for multiple functions: driving and
diagnosing motor (inductive), resistive and capacitive
loads. The device features two half-bridge gate
drivers, 6 integrated half-bridges, 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. Each
individual driver has PWM input control options,
sensing and diagnostics, along with device system
protection and diagnostics. There are also dedicated
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.

The high-side and low-side drivers can be used to
drive MOSFETs for special loads such as heating
element or electro-chromic elements. These drivers
include offline and active diagnostics.

The device provides protection features such as
under and over voltage monitors, offline open load
and short circuit diagnostics, and zone-based thermal
monitoring and shutdown protection.

Package Information

PACKAGE SIZE
)

PART NUMBER PACKAGE (NOM)@)

DRV8000-Q1 VQFN (48) 7.00mm x 7.00mm

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

(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-Bridge Half-bridge High-side |Lamp/LED EC Gate Heater HS Current Package
NAME Gate Driver Driver Driver HS Driver Driver Gate Driver | Shunt Amp 9
DRV8000-Q1 1x 6x 5x 1x 1x 1x 1x 7x7 QFN-48

Wettable
Flank
DRV8001-Q1 X 6x 5x 1x 1x 1x X 6x6 QFN-40
Wettable
Flank
DRV8002-Q1 1x 6x 5x 1x X X 1x 7x7 QFN-48
Wettable
Flank
Table 4-2. Device Orderable Information
Device Pre-production Part Number Orderable Part Number EVM
DRV8000-Q1 PDRV8000QWRGZRQ1 DRV8000QRGZRQ1 DRV8000-Q1EVM
DRV8001-Q1 PDRV8001QWRHARQ1 DRV8001QRHARQ1 DRV8001-Q1EVM
DRV8002-Q1 PDRV8002QRGZRQ1 DRV8002QRGZRQ1 DRV8002-Q1EVM
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5 Pin Configuration and Functions
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Figure 5-1. VQFN (RGZ) 48-Pin Package and Pin Functions
Table 5-1. Pin Functions
PIN 1/0(")
TYPE DESCRIPTION
NO. NAME
1 OouT4 (0] Power [400mQ 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 1/0 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 (0] Power |132mQ half-bridge output 5.
10 PGND 1/10 Ground |Device ground. Connect to system ground.
11 OUT1 (6] Power |1.5Q half-bridge output 1.
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Table 5-1. Pin Functions (continued)
PIN /0"
TYPE DESCRIPTION
NO. NAME
12 ouT2 (0] Power |1.5Q half-bridge output 2.
13 GD_IN1 | Digital |Half-bridge and H-bridge control input 1.
14 GD_IN2 | Digital |Half-bridge and H-bridge control input 2.
15 PWM1 | Digital |PWM input 1 for regulation of all drivers except electrochrome.
16 nSCS | Digital Serial chllp sglect. A logic low on th|§ pin enables serial interface
communication. Internal pull-up resistor.
17 SDI | Digital Serial data input. Data is captured on the falling edge of the SCLK pin. Internal
9 pull-down resistor.
18 SDO (0] - 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 . . S )
rising and falling edge on this pin. Internal pull-down 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 pull down both high-side and low-side
Analog . -
gate driver outputs. Internal pull-down resistor.
23 nSLEEP Analo Device enable pin. Logic low to shutdown the device and enter sleep mode.
9 |internal pull-down 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 1/0 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 (0] Analog |Gate driver output for heater MOSFET. Connect to gate of high-side MOSFET.
30 SN | Analog | Amplifier negative input. Connect to negative terminal of the shunt resistor.
31 SP | Analog |Amplifier positive input. Connect to positive terminal of the shunt resistor.
32 GH2 (6] Analog |High-side gate driver output. Connect to the gate of the high-side MOSFET.
33 SH2 | Analog |High-side source sense input. Connect to the high-side MOSFET source.
34 GL2 (0] 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 (0] Power |High-side gate driver output. Connect to the gate of the high-side MOSFET.
39 OouT12 (0] Power |1.5Q high-side driver output 12. Connect to low-side load.
40 OUT! (6] P 1.5Q high-side driver output 11. Configurable as SC protection switch for EC
ower . :
drive. Connect to low-side load.
41 ouT10 (0] Power |1.5Q high-side driver output 10. Connect to low-side load.
42 ouT9 (0] Power |1.5-Q high-side driver output 9. Connect to low-side load.
43 ouTs8 (0] Power |1.5-Q high-side driver output 8. Connect to low-side load.
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Table 5-1. Pin Functions (continued)
PIN 110"
TYPE DESCRIPTION
NO. NAME
44 ouT7 (0] Power High-side driver output with configurable Rpgon (400mQ/1500mQ). 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 OuUT6 (0] Power |160mQ half-bridge output 6.
47 PGND 1/10 Ground |Device ground. Connect to system ground.
48 OuT3 (6] Power [400mQ half-bridge output 3.

(1)

| = Input, O = Output
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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
Logio in votiage DRVOPF nSLEEP, SCLK. SDI, nSCS 03 575|
Output logic pin voltage SDO -0.3  Vpypp+ 0.3 V
Output pin voltage OUT1-OUT12, ECDRYV, ECFB -0.3  Vpypp + 0.9 \
Output current OUT1-OUT12, ECDRV, ECFB '”f_ei::if"e'g '”ﬁrr:ifgé' A
s;?atgreand Electrochromic MOSFET gate drive pin GH_HS, ECDRV VHE\/;;E—AS;S:;) Vyep + 0.3 Vv
s(i?atg;and Electrochromic MOSFET source pin SH_HS, ECFB 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 PGND | GLx(@) -0.3 13.5 \%
Low-side snse 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) Stresses beyond those listed under Absolute Maximum Rating may cause permanent damage to the device. These are stress

ratings only, which do not imply functional operation of the device at these or any other conditions beyond those indicated
under Recommended Operating Condition. Exposure to absolute-maximum-rated conditions for extended periods may affect device

reliability.
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(2) PVDD with respect to GHx, SHx, GLx, or SL should not exceed 40 V. When PVDD is greater than 35 V, negative voltage on GHx, SHx
GLx, and SL should be limited to ensure this rating is not exceeded. When PVDD is less than 35 V, 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 \
. HBM ESD() Classification Level 2
Vesp | Clectrostatic 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 shall 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
VpvbD Power supply voltage PVDD 4.5 35 \%
Iys (M High-side average gate-drive current GHx 0 15| mA
s ™M Low-side average gate-drive current GLx 0 15| mA
VpvbD Logic input voltage DVDD 3 5.5 \Y
C GD_INx, PWM1, IPROPI/PWM2,

Vpin Digital input voltage DRVOFF, SO, SCLK, SDI 0 5.5 Vv
Ibout Digital output current SDO 0 5 mA
fewm Input PWM frequency PWM1, IPROPI/PWM2 0 25| kHz
V\prOPI Analog output voltage IPROPI (IPROPI/PWM2 pin) 0 3.6 \%
ViproPI Analog output voltage for Vpypp < 5.6 V. |IPROPI (IPROPI/PWM2 pin) 0 VPVDDz' \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
Resa Junction-to-ambient thermal resistance 23.3 °C/W
Reyc(top)  |Junction-to-case (top) thermal resistance 1.7 °C/W
Raus Junction-to-board thermal resistance 7.0 °C/W
Wr Junction-to-top characterization parameter 0.1 °C/W
Y Junction-to-board characterization parameter 7.0 °C/W
Rascpoty  |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
report.

6.5 Electrical Characteristics

5V < Vpypp =35V, -40°C < T, < 150°C (unless otherwise noted). Typical limits apply for Vpypp = 13.5V and T, = 25°C.
PARAMETER \ TEST CONDITIONS \ MIN TYP MAX| UNIT

POWER SUPPLIES (DVDD, VCP, PVDD)
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5V <Vpypp £35V, -40°C < T, < 150°C (unless otherwise noted). Typical limits apply for Vpypp = 13.5V and T, = 25°C.

SL

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
IpvDDQ PVDD sleep mode current Z%\g%z 135V, nSLEEP =0V -40<T, 25 5/ A
Ipvoba DVDD sleep mode current Z%\ED%= 135V, nSLEEP =0V -40<T, 2 4] pA
lpvpD PVDD active mode current Vpypp = 13.5, nNSLEEP =5V 5 10 mA
Iovbp DVDD active mode current Vpvop =5V, SDO =0V 11.5 15 mA
| PVDD charge pump disabled mode Vpvpp = 13.5V,DIS_CP =1, EN_GD = 2 mA
PVDD_CP_DIS | orrent 0V-40<T,<85C
| DVDD charge pump disabled mode Vpvpp = 13.5V,DIS_CP=1,EN_GD = 10 mA
DVDD_CP_DIS | cyrrent 0V-40<T,<85C
tWAKE Turnon time nSLEEP =5V to active mode 1 ms
tsLeep Turnoff time nSLEEP =0V to sleep mode 1 ms
IDRVOFF_FLT | Fijter time for DRVOFF signal asserted |DRVOFF=0Vto5V 15 us
R
fvop Digital oscillator switching frequency Primary frequency of spread spectrum 14.25 MHz
Charge pump regulator voltage with
Vvep respect to PVDD Vpvop 29V, lycp £20 mA 9.5 10.5 11 \Y
Charge pump regulator voltage with _
chp respect to PVDD VF’VDD =7 V, IVCF’ <15 mA 8.5 9 " \Y
Charge pump regulator voltage with _
Vvep respect to PVDD Vevop =5V, lycp < 12 mA 6.8 7.5 11 \Y
Vevop = 13.5V, Crryq = Crry2 = 100 nF,
lvep_Lim Charge pump output current limit Cvcp = 1 yF, 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/ Vpvpp X
Vi Input logic low voltage PWM?2, nSLEEP, SCLK, SDI 0.3 03 V
L DRVOFF, GD_INx, PWM1, IPROPI/ Vbvpp X
Viy Input logic high voltage PWM2, nSLEEP, SCLK, SDI 07 5.5 V
. DRVOFF, GD_INx, PWM1, IPROPI/ Vpvob X
Vivs 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 -5 5| A
I Input logic low current Vpin=0V, nSCS 25 50 MA
iy Input logic high current Vpin=5V, nSCS -5 5 pA
_ Vpin = 5V, DRVOFF, GD_INx, PWM1,
IiH Input logic high current IPROPI/PWM2, nSLEEP, SCLK, SDI 25 50 MA
. To GND, DRVOFF, GD_INx, PWM1,
Rpp Input pull-down resistance nSLEEP, SCLK, SDI 140 200 260 kQ
Rpy Input pull-up resistance To DVDD, nSCS 140 200 265 kQ
PUSH-PULL OUTPUT SDO
VoL Output logic low voltage lop =5 mA 0.5 \%
Vou Output logic high voltage lop = -5 mA, SDO DVDB ; \%
GATE DRIVERS (GHx, GLx, SHx, SL)
Ve L GHx low level output voltage ISDS\;N—HS = IstronG: lorx = 1MA, GHx to 0 025 V
Veix L GLx low level output voltage lorvn_Ls = IsTRONG: loLx = TMA, Glx to 0 0.25 \Y

Copyright © 2024 Texas Instruments Incorporated

Product Folder Links: DRV8000-Q1

Submit Document Feedback

ADVANCE INFORMATION


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=SLVSH22&partnum=DRV8000-Q1
https://www.ti.com/product/drv8000-q1?qgpn=drv8000-q1

NOILVINYOANI 3ONVAQV

DRV8000-Q1
SLVSH22 — MAY

2024

13 TEXAS
INSTRUMENTS

www.ti.com

5V <Vpypp £35V, -40°C < T, < 150°C (unless otherwise noted). Typical limits apply for Vpypp = 13.5V and T, = 25°C.

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Vo H GHx high level output voltage lé’ﬁ\fﬁs = lnoLp, lax = TMA, VCP to 0 025 Vv
. Iprvp_Ls = IHoLps leix = TMA 10.5V <
Vaeix H GLx high level output voltage Vevop < 35 V, GLx to PGND 10.5 12.5 V
I7D\I/RVP_x =0000b, Vgsx =3V, Vpypp 2 0.2 05 083 mA
IDRVP_x = 0001b, Vgsx = 3V, Vpypp 2 05 1 16 mA
7V
IDRVP_x = 0010b, Vgsx = 3 V, Vpypp 2 13 2 28 mA
7V
|\E)RVP_X =0011b, Vgsx =3V, Vpypp 2 7 21 3 4 mA
IDRVP_x = 0100b, Vgsx = 3V, Vpypp 2 29 4 53 mA
7V
I7D\I/QVP_X =0101b, Vgsx =3V, Vpypp 2 3.75 5 6.4 mA
IVDRVP_x =0110b, Vgsx =3V, Vpypp 2 7 45 6 76 mA
IVDRVP_x =0111b, Vgsx =3 V, Vpypp 2 7 55 7 9 mA
| Peak gate current (source
DRVP 9 ( ) IDRVP_x = 1000b, Vgsy = 3 V, Vpyop 2
6 8 10 mA
7V
IDRVP_x = 1000b, Vgsx = 3 V, Vpypp 2 9 12 15 mA
7V
IDRVP_x = 1001b, Vgsx = 3 V, Vpypp 2 12 16 20 mA
7V
I7D\|/?VP_x =1010b, Vgsx =3V, Vpypp 2 15 20 25 mA
|VDRVP_X= 1011b, VGSX= 3V, VPVDD27 18 24 30 mA
|VDRVP_X = 1100b, VGSX =3 V, VPVDD =7 24 31 40 mA
IVDRVP_x =1101b, Vgsx =3V, Vpypp 2 7 8 48 62 mA
IVDRVP_x =1111b, Vgsx =3V, Vpvpp 27 46 62 78 mA
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5V <Vpypp £35V, -40°C < T, < 150°C (unless otherwise noted). Typical limits apply for Vpypp = 13.5V and T, = 25°C.

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
|7D\|/?VN_X =0000b, Vgsx =3V, Vpypp 2 0.07 05 085 mA
IDRVN_x = 0001b, Vgsx =3V, Vpypp 2 023 1 17 mA
7V
IDRVN_x = 0010b, Vgsx =3V, Vpypp 2 07 2 32 mA
7V
{/DRVN_X =0011b, Vgsx =3V, Vpypp 2 7 12 3 46 mA
I7D\}/?VN_x =0100b, Vgsx =3V, Vpypp = 175 4 59 mA
|DRVN_X = 0101b, VGSX =3 V, VF’VDD 2 24 5 7.2 mA
7V
|VDRVN_X= 0110b, VGSX= 3V, VPVDD27 3 6 8.5 mA
|\[/)RVN_X=0111b, VGSX=3V1 VPVDD27 3.6 7 9.8 mA
| Peak gate current (sink
DRVN g (sink) IDRVN_x = 1000, Vgsy = 3 V, Veyop 2
4.3 8 11 mA
7V
IDRVN_x = 1001b, Vgsx =3V, Vpypp 2 73 12 16 mA
7V
IDRVN_x = 1010b, Vgsx =3V, Vpypp 2 1 16 20 mA
7V
{/DRVN_X =1011b, Vgsx =3V, Vpypp 2 7 143 20 25 mA
{/DRVN_X =1100b, Vgsx =3V, Vpypp 2 7 18 24 30 mA
|\E)RVN_X= 1101b, VGSX=3V1 VPVDD27 24 31 40 mA
|VDRVN_X = 1110b, VGSX =3 V, VPVDD =7 28 48 62 mA
|\[/)RVN_X = 1111b, VGSX =3 V, VPVDD =7 46 62 78 mA
lhoLp Gate pull-up hold current Gate hold source current, Vgsx = 3 V 5 16 30 mA
IsTRONG Gate pull-down strong current Vasx =3 VIpry =0.5t0 12 mA 30 62 100 mA
IsTRONG Gate pull-down strong current Vgsx =3 V Ipry = 16 to 62 mA 45 128 200 mA
Rppsa Ls Low-side semi-active gate pull-down GLx to SL, Vgsx =3 V 1.8 kQ
Rppsa_Ls Low-side semi-active gate pull-down GLx to SL, Vgsx =1V 5 kQ
Rep Hs ng.h-slde passive gate pull-down GHx to SHx 150 kQ
- resistor
Rpp Ls Low-side passive gate pull-down resistor | GLx to SL 150 kQ
. Into SHx, SHx = PVDD < 28 V GHXx -
ISHx Switch-node sense leakage current SHx = 0V, nSLEEP = 0 V -5 0 20 MA
. Into SHx, SHx = PVDD < 37 V GHx -
IsHx Switch-node sense leakage current SHx =0V, nSLEEP =0 V -5 0 80 MA
. Into SHx, SHx = PVDD < 37 V GHx -
IsHx Switch-node sense leakage current SHx =0V, nSLEEP = 5V -150 -100 0 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 GHXx rising 300 600 ns
tPDF_Hs High-side falling propagation delay Input to GHx rising 300 600 ns
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5V <Vpypp £35V, -40°C < T, < 150°C (unless otherwise noted). Typical limits apply for Vpypp = 13.5V and T, = 25°C.

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
tbeaD Internal handshake dead-time %'OZ/GHX falling 10% to GHx/GLx rising 350 ns
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 7.2 8 8.8 us
CURRENT SHUNT AMPLIFIERS (SN, SO, SP)
Veowm Common mode input range -2 Vevop ; Y
CSA_GAIN = 00b 9.75 10 10.25| VIV
CSA_GAIN =01b 19.5 20 20.5| VIV
Gesa Sense amplifier gain
CSA_GAIN = 10b 39 40 41| VNV
CSA_GAIN =11b 78 80 82| VIV
\6/8(:)_':3TEP =15V, Ggsa =10 VIV Cgo = 29 us
\6/8%_':3TEP =15V, Ggsa =20 VIV Cgo = 29 us
tseT Sense amplifier settling time to 1%
Vso_step = 1.5V, Gesp =40 VIV Cgo = 29 us
60 pF
Vso_step = 1.5V, Gesa =80 VIV Cgpo = 3 us
60 pF
CSA_BLK =000b 0 %
CSA_BLK =001b 25 %
CSA_BLK =010b 37.5 %
-~ o CSA_BLK =011b 50 %
tBLk csA Sense amplifier output blanking time CSA_BLK = 100b 625 %
CSA_BLK=101b 75 %
CSA_BLK =110b 87.5 %
CSA BLK=111b 100 %
tsLew csa | Output slew rate Cso =60 pF 2.5 V/us
Vspx = Vsnx =0V, Vpypp = 3.3V,
Vgias Output voltage bias CSA_DIV =0b Yoveo 2 '
Vspx = Vsr\f =0V, Vpypp =33V, Vovop / 8 v
CSA_DIV=1b
VLINEAR Linear output voltage range Vpvpp =3.3V=5V 0.25 VDVB,ng \Y;
Vorr Input offset voltage Vspx = Vgnx = 0V, Ty =25°C -1 1 mV
VorF b Input offset voltage drift Vspx = Vany =0V +10 +25| uv/I'c
Igias Input bias current Vgpx = Vanx =0V 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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5V <Vpypp £35V, -40°C < T, < 150°C (unless otherwise noted). Typical limits apply for Vpypp = 13.5V and T, = 25°C.

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Vivep - Vevop, Vvep falling
Vep uv Charge pump undervoltage threshold VCP_UV_MODE = 0b : o > '
- Vivep - Vevop, Vvep falling 55 6.25 7 Vv
VCP_UV_MODE = 1b
tce uv pg | Charge pump undervoltage deglitch time 8 10 12.75 us
Ver so g::rr?ﬁrg:r?;%tnpler to doubler switch Vevop fising 18 18.75 195 Vv
Ver so g::rrtg:rg:r?glztnpler to doubler switch Veyop falling 17 17.75 185 Vv
fep 50 Hys Charge pump.tripler to doubler switch 1 Vv
—SY over hysteresis
o w0 e
Ves cLp High-side driver VGS protection clamp 12.5 15 17 \%
B/ng = Vshx VoLx — Veenp, VGS_LVL = 11 14 175 v
Vas L Gate voltage monitor threshold
- \1/§Hx = Vshx VoLx — Veenp, VGS_LVL = 075 1 12 Vv
tes FLT pe | Vs fault monitor deglitch time 15 2 2.75 us
tes Hs bc | Vas handshake monitor deglitch time 210 ns
VGS_TDRYV = 000b 1.5 2 25 us
VGS_TDRV =001b 3.25 4 4.75 us
VGS_TDRV =010b 75 8 9 us
) o VGS_TDRV =011b 10 12 14 us
tDRIVE Vgs and Vpg monitor blanking time VGS_TDRV = 100b 4 16 8 s
VGS_TDRYV = 101b 20 24 28 us
VGS_TDRV = 110b 28 32 36 us
VGS_TDRV = 111b 80 96 120 us
VDS_LVL = 0000b 0.051 0.06 0.069 \Y
VDS_LVL = 0001b 0.068 0.08 0.092 \
VDS_LVL = 0010b 0.085 0.10 0.115 \
VDS_LVL = 0011b 0.102 0.12 0.138 \
VDS_LVL = 0100b 0.119 0.14 0.161 \
VDS_LVL =0101b 0.136 0.16 0.184 \
VDS_LVL = 0110b 0.153 0.18 0.207 \Y
VDS_LVL = 0111b 0.17 0.2 0.23 \Y
Vps LvL Vpg overcurrent protection threshold
- VDS_LVL = 1000b 0.255 0.3 0.345 \Y
VDS_LVL = 1001b 0.35 0.4 0.45 \
VDS_LVL = 1010b 0.44 0.5 0.56 \
VDS_LVL = 1011b 0.52 0.6 0.68 \
VDS_LVL = 1100b 0.61 0.7 0.79 \
VDS_LVL = 1101b 0.88 1 1.12 \
VDS_LVL = 1110b 1.2 1.4 1.6 \Y
VDS_LVL = 1111b 1.75 2 2.25 \Y
VDS_DG = 00b 0.75 1 1.5 us
VDS_DG =01b 1.5 2 25 us
tbs pe Vps overcurrent protection deglitch time
- VDS_DG = 10b 3.25 4 4.75 us
VDS_DG = 11b 75 8 9 us
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5V <Vpypp £35V, -40°C < T, < 150°C (unless otherwise noted). Typical limits apply for Vpypp = 13.5V and T, = 25°C.

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
loLo_pu Offline diagnostic current source Pull up current 3 mA
loLo_pp Offline diagnostic current source Pull down current 3 mA

Vps v = 1.4V, 49V < Vpypp < 18 V 22 50| kQ
Rovo Offline open load resistance detection ~ |Vos_ v =14V, 4.9V <Vpypp <37V 22 105 kQ
threshold Vbs v =2V, 4.9V <Vpypp< 18V 10 25 kQ
Vis_ v =2V, 4.9V £ Vpypp < 37 V 10 50| kQ
HEATER MOSFET DRIVER
IcH_Hs_HEAT |Average charge-current T,=25°C 50 mA
ReL_HeAT On-resistance (discharge stage) IgH_Hs HEAT =25 mMA; T;=25°C 15 20 25 Q
ReL_HeAT On-resistance (discharge stage) IgH Hs HEAT =25 mMA; T;=125°C 28 36 Q
VGH_Hs_HicH | GH_HS high level output voltage Vpvop =4.5V; Igp = 15 mA VsH_hs g \Y;
VG Hs._HiGH | GH_HS high level output voltage Vpyop = 13.5 V; Igp = 15 mA VSH{Z VSH—H% VSH—'ﬁ; v
IHEAT_sH_sT SH_HS leakage current standby 25| pA
BY_LK
Res_HeaT Passive gate-clamp resistance 150 kQ
tror GH_Hs | GH_HS rising propagation delay Vevpp = 13.5V; Rg=0Q; Cg=2.7nF 0.5 us
tepF GH Hs | GH_HS falling propagation delay \C/)ZVEE)2.=71n3|55 ViV s =0V, Re=00; 0.5 s
trisE GH Hs | Rise time (switch mode) \C/)ZVEDZ.=71n3F5 ViV s =0V, Re =0 0; 300 ns
traLL GH Hs | Fall time (switch mode) \é';VEDZ;LSF'S Vi Vst s =0ViRe =00 170 ns
HEATER PROTECTION CIRCUITS
HEAT_VDS_LVL = 0000b 0.051 0.06 0.069 \%
HEAT_VDS_LVL =0001b 0.068 0.08 0.092 \%
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 V
HEAT_VDS_LVL =0110b 0.153 0.18 0.207 V
Vbs_LvL_Hea | Vbs overcurrent protection threshold for HEAT_VDS_LVL = 0111b 0.17 0.2 0.23 v
T heater MOSFET HEAT_VDS_LVL = 1000b 0.204 0240 0276 V
HEAT_VDS_LVL =1001b 0.238 0.280 0.322 \%
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 V
HEAT_VDS_LVL = 1110b 0.476 0.560 0.644 V
HEAT_VDS_LVL = 1111b 0.85 1 1.15 \%
HEAT_VDS_DG = 00b 0.75 1 15| ps
tps HEAT DG | Vs overcurrent protection deglitch time HEAT_VDS_DG = 01b 15 2 25| s
- HEAT_VDS_DG = 10b 3.25 4 475 us
HEAT_VDS DG = 11b 7.5 8 9 us
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5V <Vpypp £35V, -40°C < T, < 150°C (unless otherwise noted). Typical limits apply for Vpypp = 13.5V and T, = 25°C.

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
HEAT_VDS_BLK = 00b 3.25 4 4.75 us
) v t orotection blanking i HEAT_VDS_BLK = 01b 75 8 9 us
overcurrent protection blanking time
DS_HEATBLK| DS P 9 HEAT_VDS_BLK = 10b 14 16 18] us
HEAT_VDS_BLK = 11b 28 32 36 us
VoL_HeaT Open load threshold voltage Vgix=0V 1.8 2 2.2 \%
Pull-up current source open-load A _
loL_HEAT diagnosis activated Vsix = 0V; Vshheater = 4.5 V 1 mA
toL_HEAT Open-load filter time for heater MOSFET 2 ms
ELECTROCHROMIC DRIVER
RpsoN Low-side MOSFET on resistance for EC | PvoD = 138 V: Ty =25°C; lecrs = 20.5
ECFB discharge A 1500 mQ
9 ECFB_LS_EN=1b
RpsoN Low-side MOSFET on resistance for EC | Y200 = 13:5V; Ty =150 °C; lecrs =
ECFB discharge 0.5 A 3000 mQ
ECFB_LS_EN=1b
| Output current threshold of low-side Vpypp = 13.5V; T, =25 °C; lgcg current 05 1 A
OC_ECFB  |MOSFET sink '
toe_oc_Ecrs | Over current shutdown deglitch time ;/iZ\I/(DD = 13.5V;Ty=25C; lgcrs current 10 50| s
dVecrs/dt | Slew rate of ECFB, low-side MOSFET XZVgD =13.5V, Vpvpp =5V, Rload = 7 Vips
Open load detection threshold for EC _ _
loL_EcFB LS during discharge EC_OLEN = 1b, ECFB_LS_EN =1b 10 20 30, mA
toe_ov_ecrs Open load detection deglitch time EC_OLEN = 1b, ECFB_LS_EN = 1b 400 600| ps
_Ls
| ECFB Open load pull-up current source, |OUT11_EC_MODE = 0b, 200 A
OL_PU_ECFB | OUT11 independent mode ECDRV_OL_EN = 1b, EC_ON = 1b H
Ve CTRUmax I\E/Ig;;lgum EC-control voltage target for ECFB_MAX = 1b 14 16 v
Ve CTRUmax I\Ellgélénum EC-control voltage target for ECFB_MAX = Ob 112 198 v
Minimum resolution for adjustable _
VEC res voltage of ECFB EC_ON=1b 23.8 mV
DNLgcrs Differential Non Linearity EC_ON=1b -2 2| LSB
dV. | Voltage deviation between target and Viarget = 1.5V, dVEcre=Viarget - VECFSB; | 5% (- +5% mv
ECFB ECFB lecpry] < 1 HA 1LSB) (+1LSB)
dV. | Voltage deviation between target and Viarget = 23.8 mV, dVecre=Viarget - VEcFB: | —9% (= +5% mv
ECFB ECFB llecorvl < 1 HA 1LSB) (+1LSB)
Indicates voltage at ECFB is higher than _ Viarget +
Vecre_H target EC_ON=1b 0.12 v
Indicates voltage at ECFB is lower than _ Viarget —
Vecrs_Lo target EC_ON=1b 0.12 v
trT ECFB Filter time of ECFB high/low flag EC_ON=1b 32 us
tsLk_EcFB Blanking time of EC regulation flags Any EC target voltage change 200 250 300 us
ECFB_UV_MODE = 01b or 10b, EC_ON
= 1b, ECFB_UV_TH = 0b & 100 125 mv
VECEB UV Threshold for undervoltage on ECFB
- ECFB_UV_MODE = 01b or 10b, EC_ON 170 200 230 mv
=1b, ECFB_UV_TH = 1b
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5V <Vpypp £35V, -40°C < T, < 150°C (unless otherwise noted). Typical limits apply for Vpypp = 13.5V and T, = 25°C.

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
ECFB_UV_MODE = 01b or 10b,
ECFB_UV_DG = 00b 16 20 24 bs
ECFB_UV_MODE = 01b or 10b
— ’ 40 50 60 5
¢ Deglitch time for undervoltage flag on ECFB_UV_DG =01b i
ECFB_UV.DG [ECFB ECFB_UV_MODE = 01b or 10b, 80 100 120l s
ECFB_UV_DG = 10b H
ECFB_UV_MODE = 01b or 10b,
ECFB_UV_DG = 11b 160 200 240 ps
Vecrs ov | Threshold for overvoltage on ECFB E?EB—OV—MODE =01b or 10b, EC_ON VPVD?; \Y
ECFB_OV_MODE = 01b or 10b,
ECFB_OV_DG = 00b 16 20 24 s
ECFB_OV_MODE = 01b or 10b
— ’ 40 50 60 S
Deglitch time for overvoltage flag on ECFB_OV_DG = 01b i
tecFB_OV_DG | ECFR _
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 ps
\G/ECDRvminHI E)étpg:\lvgltfge range of ECDRV when lecory = -10pA 4.0 6 v
;/fchRVmaxL E)étpg;\lng?ge range of ECDRV when lecpry = 100A 0 0.7 Vv
lECDRY Current into ECDRV Viarget > Vecrs + 500 mV, 700 80| pA
Vecpry = 3.5V
Viarget < VEcrs - 500 mV;
IECDRV Current into ECDRV VECDRV =1.0 V; 150 350 IJA
Viarget =0 V; VEcrg = 0.5V
R Pull-down resistance at ECDRV in fast |Vgcpry = 0.7 V; EC enabled, then 1 KO
ECDRV_DIS | discharge mode EC<5:0> = 0 or EC disabled
toiscHarce | Auto-discharge pulse width EOFB_LS_PWM=1b, ECFBLS EN= 240 300 360, ms
tecFB_pisC_B Auto-discharge blanking time EEFB—LS—PWM = 1o, ECFB_LS_EN = 2.25 3 3.75| ms
LK
Voisc. v |PWM discharge level Vecpry EEFB—LS—PWM = 1o, ECFB_LS_EN = 350 400 450 mv
VDISC TH pDIF |PWM discharge threshold level VECDRV - ECFB_LS_PWM =1b, ECFB_LS_EN =
1 -50 0 50 mV
F Vecrs 1b
HALF-BRIDGE DRIVERS
| =1A,T;,=25°C 750 mQ
Ron_outt.2_ High-side MOSFET on resistance ouT J
Hs lour=0.5A, T, =150 °C 1425]  mQ
| =1A,T;,=25°C 750 mQ
RoN_ouT12_ || gw-side MOSFET on resistance ouT &
Ls lour=0.5A, Ty =150 °C 1425] mQ
| =4A T;=25°C 200 mQ
Ron_outaa_ High-side MOSFET on resistance ouT !
HS lOUT =2 A, TJ =150 °C 400 mQ
| =4A,T;=25°C 200 mQ
RoN_ouT34_ | | w-side MOSFET on resistance ouT !
LS IOUT =2A, TJ =150 °C 400 mQ
| =7A,T,=25°C 66 mQ
Ron_ous_+ High-side MOSFET on resistance ouT J
s lour=3.5A, T, =150 °C 132] mQ
| =75A T;=25°C 66 mQ
RoN_ouTs L || gw-side MOSFET on resistance ouT !
s lour=3.5A, Ty =150 °C 132] mQ
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5V <Vpypp £35V, -40°C < T, < 150°C (unless otherwise noted). Typical limits apply for Vpypp = 13.5V and T, = 25°C.

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
SO“LOUTGJ* High-side MOSFET on resistance lour=8A, Ty=25°C 80 mQ
SO“LOUT@H High-side MOSFET on resistance lour=4A,Ty=150"C 160| mQ
SO“LOUTM Low-side MOSFET on resistance lour=8A, Ty=25°C 80 mQ
SON_OUTG—L Low-side MOSFET on resistance lour=4A,Ty=150"C 160| mQ

Output voltage rise/fall time for all half-

SRouT HB bridge OUTX, 10% - 90% PVDD = 13.5 V; 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 13.5 Vs
Output voltage rise/fall time for all half- _ ) _

SRout HB bridge OUTx, 10% - 90% PVDD =13.5V; OUTx_SR = 10b 24 Vs

tep_ouT M | Propagation time during output voltage ON command or INx (SPI last transition)

is R rise for HS to QUTx 10% voltage rise (any SR 1.8 8.7 us
~ setting)

t Propaaation time during outout voltage ON command or INx (SPI last transition)

PD_OUT_HB_ pag g outp 98 lto OUTx 10% voltage fall (any SR 1.2 92| us

HS_F fall for HS setting)

ON command or INx (SPI last transition)
to OUTx 10% voltage rise (any SR 1.5 8 us
setting)

trp_out HB_ | Propagation time during output voltage
LS_R rise for LS

S . ON command or INx (SPI last transition)
trp_ouT HB_ | Propagation time during output voltage

0,
s F fall for LS to QUTx 10% voltage fall (any SR 1.4 8 us
— setting)
t Dead time during output voltage rise for |PVDD =13.5V; OUTx_ITRIP_LVL = 13 4.7 s
DEAD_HS_ON | g 00b, All SRs ' L
toeap_Hs_or | Dead time during output voltage fall for  |PVDD = 13.5 V; OUTx_ITRIP_LVL = 11 48 s
r HS 00b, All SRs : : H
¢ Dead time during output voltage rise for |PVDD = 13.5V; OUTx_ITRIP_LVL = 14 58 s
DEADLS ON || 5 00b, All SRs : ° P
toeap_Ls_or |Dead time during output voltage fall for  |PVDD =13.5 V; OUTx_ITRIP_LVL = 17 14 s
. LS 00b, All SRs ' H
HALF-BRIDGE PROTECTION CIRCUITS
locp_out1,2 |Over-current protection threshold 1.3 2 A
locp outsa |Over-current protection threshold 4 8 A
loce outs | Over-current protection threshold 8 16 A
locp_outs | Over-current protection threshold 7 13 A
OUTX_OCP_DG = 00b 4.5 6 7.3 us
Overcurrent protection deglitch time in | OUTX_OCP_DG =01b 8 10 12) s
to_ocp_HB b : ™1 @)
half-bridge drivers OUTX_OCP_DG = 10b 16 20 24| us
OUTX_OCP_DG = 11b 48 60 72 us
OUT1_ITRIP_LVL = 1b and 0.75 1 A
| Current threshold to trigger ITRIP OUTZ_ITRIP_LVL = 1b ’
ITRIP_OUT1.2 | regulation for OUT1 and OUT2 OUT1_ITRIP_LVL = 0b and
OUT2_ITRIP_LVL = 0b 0.60 0.8 A
OUT3_ITRIP_LVL = 10b and 3 4 A
OUT4_ITRIP_LVL = 10b
| Current threshold to trigger ITRIP OUT3_ITRIP_LVL = 01b and 17 315 A
ITRIP_OUT3.4 | regulation for OUT3 and OUT4 OUT4_ITRIP_LVL =01b : :
OUT3_ITRIP_LVL = 00b and 11 15 A
OUT4_ITRIP_LVL = 00b ’ '
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5V <Vpypp £35V, -40°C < T, < 150°C (unless otherwise noted). Typical limits apply for Vpypp = 13.5V and T, = 25°C.

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
OUT5_ITRIP_LVL = 10b 6.6 8.7 A
Current threshold to trigger ITRIP _
liTRIP_OUTS regulation for OUT5 OUT5_ITRIP_LVL = 01b 5.6 7.5 A
OUT5_ITRIP_LVL = 00b 25 3.1 A
Current threshold to trigger ITRIP _
IiTRIP_oUTE regulation for OUT6 OUT6_ITRIP_LVL = 10b 5.5 71 A
Current threshold to trigger ITRIP _
liTrIP_oUTE regulation for OUT6 OUT6_ITRIP_LVL = 01b 4.7 6.1 A
Current threshold to trigger ITRIP _
IiTRIP_OUT6 regulation for OUT6 OUT6_ITRIP_LVL = 00b 1.9 2.6 A
OUTX_ITRIP_FREQ = 00b 18 20 22| kHz
f Fixed frequency of ITRIP regulation for | OUTX_ITRIP_FREQ =01b 9 10 1] kHz
'TRIP_HB I half-bridge drivers OUTX_ITRIP_FREQ = 10b 4 5 6| kHz
OUTX_ITRIP_FREQ = 11b 2 25 3| kHz
OUTX_ITRIP_DG = 00b 1.5 2 2.5 us
) ITRIP regulation deglitch time for half- | OUTX_ITRIP_DG = 01b 4.5 5 55| us
DG_ITRIP_HB | bridge drivers OUTX_ITRIP_DG = 10b 8 10 12| ps
OUTX_ITRIP_DG = 11b 16 20 24 us
Under-current threshold for half-bridges
IOLA_OUT1,2 1and 2 9 6 20 30 mA
Under-current threshold for half-bridges
lota 0UT34 |3 4nd 4 9 15 50 90| mA
lota_ouTs gnder-current threshold for half-bridges 40 150 300 mA
lota_ouT gnder-current threshold for half-bridges 30 120 240 mA
¢ Filter time of open-load signal for half- Duration of open-load condition to set 4 ms
OLA_HB bridges the status bit
AiproprI1,2 Current scaling factor for OUT1-2 500 A/A
AipropI3 4 Current scaling factor for OUT3-4 2000 A/A
Apropisg | Current scaling factor for OUT5-6 6000 A/A
Current sense output accuracy for low
lacc_1.2 current OUT1-2 P y 0.1A<louriz<1A -7 7 %
Current sense output accuracy for low
IACC_3,4_LOW current OUT3-4 P Y 0.1A< IOUT3,4 <0.8A -10 10 %
Current sense output accuracy for high
ACC 34 H | qurramt OUTEA YIOTON o8 A <loursa <4 A 8 8 %
Current sense output accuracy for low
lACC 5 LOW | cyrramt OUTS P Y 0.1 A<loyrs <0.8 A -30 30| %
Current sense output accuracy for high
laccs M| current OUTS P / 9 J08A<lours <8A -7 %
Current sense output error for low
Iacc 6 Low current OUT6 P 0.1 A<loytg<0.8 A -30 30 %
Current sense output accuracy for high
lacc 6 M| cyrrent OUTE P / 9 J08A<Iours<8A -7 %
; ; Vovop =5V, VoLp Rer = 2.65V,
Rs_aND 5;2';:32‘1‘;’:&”;:;: GC;\'LE;that Willbe | 5UTX_CNFG = 0b, HB_OLP_CNFG > 1 Kk
9 Ob and HB_OLP_SEL > 0b
; . |Vovop =5V, VoLp ReF =2.65
Rs_pvoD E:z':igtc;oansgg;f éﬁrT,YDSLtQat Wil 1\ "OUTX_CNFG = 0b, HB_OLP_CNFG 1 Kk
9 > 0b and HB_OLP_SEL > 0b
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5V <Vpypp £35V, -40°C < T, < 150°C (unless otherwise noted). Typical limits apply for Vpypp = 13.5V and T, = 25°C.

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
; : Vpovop =5V, VoLp Rer = 2.65
RopenHB | nopance O OUTx that wil be V, OUTX_CNFG = Ob, HB_OLP_CNFG 15 ko
P > 0b and HB_OLP_SEL > 0b
OUTX_CNFG = 0b, HB_OLP_CNFG >
VoLp RerH | OLP comparator Reference High Ob and HB_OLP_SEL > 0b 2.65 \%
OUTX_CNFG = 0b, HB_OLP_CNFG >
Vorp RerL | OLP comparator Reference Low Ob and HB_OLP_SEL > 0b 2 \%
Internal pull-up resistance on OUTx to OUTX_CNFG = 0b, HB_OLP_CNFG >
RoLp pu VDD during OLP Ob and HB_OLP_SEL > 0b 1 kQ
Internal pull-down resistance on OUTx to OUTX_CNFG = 0b, HB_OLP_CNFG >
RoLp_pp VDD during OLP Ob and HB_OLP_SEL > 0b 1 kQ
HIGH-SIDE DRIVERS
Rpson T,=25°C; loyty =+0.5 A 400 mQ
OUT7 (low |High-side MOSFET on resistance in low
RDSON resistance mode T,=150 °C; loyt7 = +0.25 A 800 mQ
mode)
RDSON TJ =25 °C; IOUT7 =120.5A 1500 mQ
OUT7 (high |High-side MOSFET on resistance in high
RDSON resistance mode T,=150 °C; loyt7 = +0.25 A 2800 mQ
mode)
T,=25°C; | =10.25A 1500 mQ
Roson High-side MOSFET on resistance J ouTs
ouT8 T, =150 °C; loyts = +0.125 A 2800 mQ
T,=25°C; | =10.25A 1500 mQ
Roson High-side MOSFET on resistance ! ouT9
ouT9 T, =150 °C; loyTg = +0.125 A 2800 mQ
T,=25°C; | =+0.25A 1500 mQ
Roson High-side MOSFET on resistance ! 7 OUTIo
ouT10 T, =150 °C; loyt1o = #0.125 A 2800 mQ
T,=25°C; | =+0.25A 1500 mQ
CR)IEJS:IQ1N1 High-side MOSFET on resistance J ouTH
TJ =150 rJC; IOUT11 =+0.125A 2800 mQ
T,=25°C; | =+0.25A 1500 mQ
Roson High-side MOSFET on resistance J ouT
0ouT12 T, =150 °C; loytq2 = #0.125 A 2800 mQ
SRis_oUT7_ | glew rate for OUT7 High Rpgon mode  |OUT7_RDSON_MODE = 0b, 10 to 90% 0.35 Vius
HI
SRus_ouT7_ | glew rate for OUT7 Low Rpson mode  |OUT7_RDSON_MODE = 1b, 10 to 90% 0.29 Vius
Lo
SRus Slew rate for OUT8 — OUT12 10 to 90% 1.54 Vlius
. . . High-side ON command (SPI last
tpp oUT7 HI E.ropagatlon delay time driver for OUT7 transition) to OUT7 transition from Hi-Z 16 us
- - Igh RDSON mode
state
. . . High-side ON command (SPI last
trp_oUT7_LO Eg‘jf;gat'onrggéaey time driver for OUT7 1, " sition) to OUT7 transition from Hi-Z 19 us
DSON state
. . . . High-side OFF command (SPI last
tPp_Hs Ei;oengszfsn gﬁl%l t_lrgeUdTr;vzer for high transition) to OUTx transition from ON 2 us
state
fPwmx(00) PWM switching frequency PWM_OUTX_FREQ = 00b 78 108 138 Hz
fPwmx(01) PWM switching frequency PWM_OUTX_FREQ = 01b 157 217 277 Hz
fPwmx(10) PWM switching frequency PWM_OUTX_FREQ = 10b 229 289 359 Hz
Switched-off output current high-side
ILEAK H dvere ot OUT7_p1 ) 9 Vour = 0 V: standby mode -10 LA

Copyright © 2024 Texas Instruments Incorporated

Product Folder Links: DRV8000-Q1

Submit Document Feedback

ADVANCE INFORMATION


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=SLVSH22&partnum=DRV8000-Q1
https://www.ti.com/product/drv8000-q1?qgpn=drv8000-q1

NOILVINYOANI 3ONVAQV

DRV8000-Q1

SLVSH22 — MAY 2024

I

TEXAS

INSTRUMENTS

www.ti.com

5V <Vpypp £35V, -40°C < T, < 150°C (unless otherwise noted). Typical limits apply for Vpypp = 13.5V and T, = 25°C.

PARAMETER TEST CONDITIONS MIN TYP MAX‘ UNIT
HIGH-SIDE DRIVER PROTECTION CIRCUITS
g\(l)zrecurrent threshold in high RDSON OUT7 RDSON_MODE = 0b 500 1000 mA
loc? ;
g\c/)edrecurrent threshold in low RDSON OUT7 RDSON_MODE = 1b 1500 3000 mA
locs, loc,
loc10s Over current threshold OUT8 - OUT12  |OUTX_OC_TH = 0b 250 500 mA
loc11.loc12
locs, loco,
loc1os Over current threshold OUT8 - OUT12 |OUTX_OC_TH =1b 500 1000 mA
loc11.loc12
Constant current level for high-side OUT7_RDSON_MODE = 0b,
lecM_ouT? | griver OUTT High Roson Slélg'?_CCM_EN =1b, OUT7_CCM_TO 100 175 mA
Constant current level for high-side OuUT7_RDSON_MODE = 0b,
lccM_ouT? | griver OUT? High Roson SL{I;)W_CCM_EN =1b, OUT7_CCM_TO 200 350/ mA
9UTX_CCM_EN =1b, OUTX_CCM_TO 100 175 mA
| Constant current level for high-side =0b
ccMm ;
drivers -
SL1J;)I'X_CCM_EN 1b, OUTX_CCM_TO 200 ss0] ma
SggX_CCM_EN =1b, OUTX_CCM_TO 16 20 oal ms
tceMto Constant current mode time expiration
OUTX_CCM_EN = 1b, OUTX_CCM_TO
=1b 8 10 12 ms
OUTX_OCP_DG = 00b 45 6 73| s
¢ Overcurrent protection deglitch time in | OUTX_OCP_DG =01b 8 10 12) s
OCP_HS_DG | high side drivers(!) () OUTX_OCP_DG = 10b 16 20 24| ps
OUTX_OCP_DG = 11b 48 60 72 us
OUT_ITRIP_BLK = 01b 0 us
tirrip_Hs_pLk | Blanking time of OUT7 ITRIP OUT_ITRIP_BLK = 10b 16 20 24 us
OUT_ITRIP_BLK = 11b 32 40 48 us
OUT7_ITRIP_DG = 00b 39 48 59 us
) ITRIP filter time for high-side driver OUT7_ITRIP_DG = 01b 32 40 48| s
ITRIP_HSDG | ouT7 OUT7_ITRIP_DG = 10b 26 32 38| us
OUT7_ITRIP_DG = 11b 19 24 29 us
OUT7_ITRIP_FREQ = 00b 17 kHz
f ITRIP frequency for high-side driver OUT7_ITRIP_FREQ = 01b 2.2 kHz
TRIPHS — louT7 OUT7_ITRIP_FREQ = 10b 3 kHz
OUT7_ITRIP_FREQ = 11b 4.4 kHz
| Open-load threshold for OUT7 OUT7_RDSON_MODE = 1b 15 30 mA
oLo7 Open-load threshold for OUT7 OUT7_RDSON_MODE = 0b 5 10] mA
loLps, loLpo, OUTX_OLA_TH = 0b 15 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_rs side drivers the status bit 200 2501 ws
Current scaling factor for OUT7 in low _
AIPROPI7_LO | o-resistance mode OUT7_RDSON_MODE = 1b 1500 AIA
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5V <Vpypp £35V, -40°C < T, < 150°C (unless otherwise noted). Typical limits apply for Vpypp = 13.5V and T, = 25°C.

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Apropir i Curren_t scaling factor for OUT7 in high OUT7 RDSON_MODE = 0b 750 AA
- on-resistance mode
AiproPIS:
AiproPI9:
Apropi1o, | Current scaling factor for OUT8-12 750 AIA
AiproPIN1,
AipROPI12;
lacc_7 HI_rD |Current sense output accuracy for OUT7 ) o
SON in high RDSON mode 0.1A<loyr7<0.5A 18 18 %
lacc_7 Low_ |Current sense output accuracy for OUT7 ) o
RDSON in low RDSON mode 05A<loyr7 <1.5A 14 4%
Current sense output accuracy for low
Iacc_s-12_L0 current OUT8-12 P y 0.05A <lpyTg.12<0.1A -28 28 %
Current sense output accuracy for high
lACC 812 H | qurramt OUTEA2 P YIOrNigN 16 1 A < loyta12 < 0.5 A 18 18] %
tIPROPI_BLK IPROPI bIanking time 32 MS
PROTECTION CIRCUITS
Vpvop rising 4.425 4.725 \
VpvbD UV PVDD undervoltage threshold
- Vpvop falling 4.225 4.525 4.8 \
Vevop_uv_H |pypp undervoltage hysteresis Rising to falling threshold 200 mvV
Ys
tpvop_uv_pc | PVDD undervoltage deglitch time 8 10 12.75 us
Vpypp rising, PYDD_OV_LVL = 0b 21 22 23 \Y
Vpvpp falling, PYDD_OV_LVL = 0b 20 21 22 \Y
VPVDD oV PVDD overvoltage threshold —
- Vpvpp rising, PYDD_OV_LVL = 1b 27 28 29 \
Vpvpp falling, PYDD_OV_LVL = 1b 26 27 28 \Y
Vevop_ov_H | pypp 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
PVDD_OV_DG 9¢ deg PVDD_OV_DG = 10b 3.25 4 475 s
PVDD_OV_DG = 11b 7 8 9 us
v DVDD v POR threshold DVDD falling 25 2.7 2.9 \Y
su resho
bVDD_POR PRl DVDD rising 26 28 3 v
Vovop_PoR_ | pypp POR hysteresis Rising to falling threshold 100 mv
HYS
tovop_POR D | pypp POR deglitch time 5 12 25| us
G
WD_WIN = 0b 36 40 44 ms
twp Watchdog timer period
WD_WIN = 1b 90 100 110 ms
APROPI_PVD IPRQPI PVDD Voltage Sense Output 30 32 34l v
D_VOUuT Scaling Factor
VIPROPLTEM | |pROP] Temperature Sense Output -17 +17| °C
P_vouT
ToTtwi1 Low Thermal warning temperature T, rising 100 115 130 °C
Totw2 High Thermal warning temperature T, rising 125 140 155 °C
Thys Thermal warning hysteresis 20 °C
ToTtsp Thermal shutdown temperature T, rising 155 170 185 °C
Thys Thermal shutdown hysteresis 20 °C

Copyright © 2024 Texas Instruments Incorporated

Product Folder Links: DRV8000-Q1

Submit Document Feedback

21

ADVANCE INFORMATION


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=SLVSH22&partnum=DRV8000-Q1
https://www.ti.com/product/drv8000-q1?qgpn=drv8000-q1

NOILVINYOANI 3ONVAQV

DRV8000-Q1

SLVSH22 — MAY 2024

13 TEXAS
INSTRUMENTS

www.ti.com

5V <Vpypp £35V, -40°C < T, < 150°C (unless otherwise noted). Typical limits apply for Vpypp = 13.5V and T, = 25°C.

PARAMETER

TEST CONDITIONS

MIN

TYP MAX

UNIT

totsp pe

Thermal shutdown deglitch time

10

us

(1)  For 20V < Vpypp < 28V, the OCP deglicth time must be limited to up to 20 ys (OUTX_HB_OCP_DEG or OUTX_HS_OCP_DEG =

10b).

(2) For Vpypp > 28V, the OCP deglicth time must be limited to 6 ps (Lowest Deglitch Value, (OUTX_HB_OCP_DEG or
OUTX_HS_OCP_DEG = 00b).

6.6 Timing Requirements

MIN NOM MAX| UNIT
treapy_spi | SPI ready after power up 1 ms
tscLk SCLK minimum period 100 ns
tscLkH SCLK minimum high time 50 ns
tscLkL SCLK minimum low time 50 ns
tHi_nscs nSCS minimum high time 125 ns
tsu_nscs nSCS input setup time 25 ns
tH_nscs nSCS input hold time 25 ns
tsu_spi SDI input data setup time 25 ns
ty_spi SDI input data hold time 25 ns
ten SDO enable delay time 50 ns
tois SDO disable delay time 50 ns
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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 cricuits 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. High-side drivers also have optional constant
current mode regulation for LED 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 detetction.

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 a scaled
down PVDD input voltage, internal temperature cluster output voltage, or can be configured as a second PWM
input option for half-bridges.
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7.2 Functional Block Diagram

1
Vevoo . Vep
GHx
PVDD Power Supplies Monitoring —» HS -[]
VF’VDD
vee Monitor I 1SHx
CP1H o GL
Tripler Monitor s X
CP1L Charge
Pump 4-1
-
CP2H 1 Gate Driver L Ist
CP2L
L———»Vep Vovop
DVDD
——»Vovop < M ]sp
DGND Vovop < L ISN
GND
Reflk [» Blank » |so
Vovop
T
DRVOFF DCi%‘r‘:' Shunt Amplifier
nSLEEP[ |—e _l__<‘7_
é — e
GD_IN1 % Control . ouT11.50Q
Inputs PreDriver Power Stage
GD_IN2 *~= Stage Vevop ouUT2150
- é IOUTX
- Vee OUT3 400 mQ
PWM1 %
= OUT4 400 mQ
Voyoo OUZ5 130 mQ
nSCS OuUT6 160 mQ
SCLK - PGND
soi I I SPI OUT7 0.40/1.5Q
— 2 > HS Driver
spo L I
|«
PWM Generator . _[ oUT8.12 150
Half-bridges PWM2 HS Driver ]
Control Input
_[ GH_HS
IPROPI/PWM2 :l
Current Monitor HS External
I: MUX — loutx,Vevop, Tzone MOSFET
Gate Driver Ny SH_HS
_[:l ECDRV
Electrochromic
Glass Driver
I::l ECFB
Figure 7-1. Block Diagram for DRV8000-Q1
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7.3 External Components

Table 7-1 lists the recommended external components for the device.

Table 7-1. Recommended External Components

COMPONENT PIN 1 PIN 2 RECOMMENDED
CpvDD1 PVDD GND 0.1uF, low ESR ceramic capacitor, PVDD-rated.
Covoms PVDD GND Local bulk capfoclijt;n;\e/ gnl':t)a_ar;et; :jr-\an or equal to
Cpbvop DVDD GND 1uF, 6.3V, low ESR ceramic capacitor
Cvcp VCP PVDD 1uF 16V, low ESR ceramic capacitor
CrLy1 CP1H CP1L 0.1uF, PVDD-rated, low ESR ceramic capacitor
CrLy2 CP2H CP2L 0.1uF, PVDD + 16V, low ESR ceramic capacitor
RipropI IPROPI GND Typically 1000 - 1800Q 0.063W resistor to GND,
depending on the controller supply voltage rail.
CiproOPI IPROPI 4.7nF, 6.3V, low ESR ceramic capacitor.
Recory ECDRV GND Typically 220Q) series resistance between ECDRV
pin and gate of external MOSFET to stabilize
control loop
Cecprv ECDRV GND 4.7nF, low ESR ceramic capacitor
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.

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

Electro-chromic 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 OUT_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_OUT_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_OUT_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_OUT_CNFG bits Configuration Description

00b OFF Heater control disabled

01b SPI register control Heater SPI control enabled
10b PWM?1 control Heater control by PWM pin 1
11b OFF Heater control disabled

Below is the block diagram for the heater driver block:

PVDD
Vep
| —
L GH_HS t
SH_HS
L
Digital Core P
F
Over Current lou_He 8
Detection e g
=
o
= Q
o
Open Load
Detection *
_ VoL_Heat
Figure 7-2. 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 7-3. 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. It is
recommended to add an external diode from ground to SH_HS pin in case of a load short condition. During
a heater load short condition, the current will be 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 will
dissipate 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 Vpg (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 EC_CNFG and 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
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Table 7-5. Heater VDS Levels (continued)

HEAT_VDS_LVL VDS Voltage Level
1101b 0.44V
1110b 0.56V

1111b %

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 pull-down is enabled and
HEAT VDS is 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 pull down is enabled and
HEAT_VDS, EC_HEAT and FAULT bits are asserted. EC_HEAT and FAULT status bit in register IC_STAT1
will remain asserted until driver control input change (SPI or PWM). In order 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
thre status bits remain asserted and driver pull-down will stay enabled.

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

* Disabled Mode: The heater Vpg overcurrent monitors are disabled and will 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 near 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. N

Note
The heater open load diagnostics will only work when the heater configuration is disabled, where bits
HEAT_OUT_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 (OUT7) 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 current 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 and short circuit protection (OCP). OUT7 has an optional ITRIP
regulation for lamp or bulb loads. If the electro-chromic driver is used, OUT11 is used to provide protected
battery voltage for the EC element.

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

PVDD
[

L OUTx

L‘_:OUTX locp
AN
\V Y

[ 1
L

1yl

A A

Digital Core

dwe7/a37

Figure 7-4. High-side Driver Block Diagram

The table below summarizes all the device high-side drivers with their corresponding featuresets:

Table 7-9. High-side Drivers and Features
High-side Driver |RDSON (Q) OL Detect OCP Latch ITRIP CCM Used for EC
Supply

ouT7 0.4/1.5 Yes Yes Yes Yes No

ouT8 1.5 Yes Yes No Yes No

ouT9 1.5 Yes Yes No Yes No

OuT10 1.5 Yes Yes No Yes No

OUT!M 1.5 Yes Yes No Yes Yes

OuT12 1.5 Yes Yes No Yes No

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 (OUT7-0OUT12) bits in register HS_HEAT_OUT_CNFG.
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In SPI register control mode, (OUTx_CNFG = 01b), the high-side output will follow OUTx_EN bit (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 PWM?1 pin control High-side driver control by PWM pin 1

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 for operation with internal PWM generator, the frequency must be selected
before configuring the high-side driver with internal PWM generator.

Required Register Configuration Sequence:

1. Configure the high-side driver PWM frequency mode in register HS PWM_FREQ_CNFG
2. Set the duty cycle in register OUTx_ PWM_DC
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 Reserved

7.4.2.1.2 Constant Current Mode

All high-side drivers have a timed constant current mode feature, 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 (10 or 20 ms).

There are two timing and current limit options for constant current mode. This is configured with bit
OUTX_CCM_TO in register HS_REG_CNFG2, summarized in the table below:

Table 7-12. Constant Current Mode Options

OUTX_CCM_TO Current Limit (Iccm) Timeout (tccmto
ob 200 mA 20 ms
1b 390 mA 10 ms

This constant current mode feature is enabled only if the OUTx CCM_EN bit is set prior to enabling the
high-side driver. CCM automatically expires after expiration time tceomtimeout- After timeout, the driver remains
enabled and configured based on OUTx_CNFG bits in register HS_EC_HEAT_CTRL.

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
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If constant current mode is configured after configuring the high-side driver, the CCM mode will not regulate.
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

« IfOUTx_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 over current 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 OUT7 HS ITRIP Behavior

For OUT7 in low-RDSON mode, there is a fixed frequency current regulation feature called HS ITRIP that can
be used to restart the driver if over current occurs. This ITRIP feature (separate from ITRIP for half-bridges) is
available for OUT7 (and EC driver) of the high-side drivers, and intended for loads which have inrush currents
that are higher than the over current protection threshold of a driver, such as a lamp or bulb.

It is important to note that in order for HS ITRIP to work, OUT7 OCP must be disabled.

If bit OUT7_ITRIP_CNFG bits are non-zero, and the load current on OUT7 exceeds lpc7 threshold, ITRIP
regulation takes place. The status bit is OUT7_ITRIP_STAT in register EC_HEAT ITRIP_STAT is asserted
depending on OUT7_ITRIP_CNFG configuration.

There is also an optional OUT7 ITRIP timeout feature. Depending on OUT7_ITRIP_CNFG settings, OUT7
or ITRIP regulation can be disabled after timeout is exceeded. For OUT7_ITRIP_CNFG = 01b, OUT7 is
disabled if ITRIP regulation time toyt7 ;TrRIp OcCcurs for longer than the configured timeout toyt7 1TRIP TO- FOr
OUT7_ITRIP_CNFG = 11b, ITRIP Regulation is disabled if ITRIP regulation time toyr7 ;Trip OCcurs for longer
than the configured timeout toyt7 1TriP TO. IN both cases, the status bit OUT7_ITRIP_TO is latched. Bits
OUT7_ITRIP_CNFG is located in register HS_REG_CNFGH1. If it is desirable to have OUT7 ITRIP regulation
occur indefinitely, set OUT7_ITRIP_CNFG = 10b.

The table below summarizes the regulation, status and fault behavior of OUT7 ITRIP.
Table 7-13. OUT7 ITRIP Configuration and Status Summary

OUT7_ITRIP_CN [OUT7_ITRIP_CN |[Mode OUT7_ITRIP_STA [ITRIP Stat Fault |OUT7_ITRIP_TO |ITRIP Timeout
FG[1] FGI0] Description T Clear Fault Clear
Ob Ob No ITRIP Latches when CLR_FLT Timeout disabled |n/a
regulation OUTY7 overcurrent |command
threshold
exceeded
Ob 1b ITRIP regulation  |Latches after CLR_FLT Latched after CLR_FLT restarts
timeout command. Auto- |timeout limit the driver if
clears if previously |reached. disabled.
latched.
1b Ob Safe Retry with Latches when CLR_FLT restarts |Timeout disabled |n/a
ITRIP regulation OUT7 overcurrent |the driver with
threshold regulation.
exceeded
1b 1b ITRIP regulation Latches after CLR_FLT Latched after CLR_FLT restarts
with timeout and  |timeout limit command. Auto- |timeout limit the regulation if
regulation disable |reached. After clear at start. reached. disabled.
fault clear,
re-latches if
OUTY7 overcurrent
threshold still
exceeded

The table below summarizes time limit options:
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Table 7-14. OUT7 ITRIP Timeout Options

ITRIP_TO_SEL Timeout Time
00b 100 ms
01b 200 ms
10b 250 ms
11b 290 ms

HS ITRIP mode is disabled as the default setting for OUT7. To set OUT7 in HS ITRIP mode:

1. Configure OUT7 for low-RDSON mode by setting bit OUT7_RDSON_MODE = 1 in register HS_OC_CNFG.

2. Enable and configure OUT7 ITRIP by setting bits OUT7_ITRIP_CNFG = 1Xb in register HS_REG_CNFG1
per the OUT7 ITRIP configuration summary table.

3. [Iftimeout is used, configure timeout limit with ITRIP_TO_SEL bits in HS_REG_CNFG1.

4. Set ITRIP timing parameters. ITRIP frequency, blanking and deglitch configured with bits
OUT7_ITRIP_FREQ, OUT7_ITRIP_BLK and OUT7_ITRIP_DG in register HS_REG_CNFG1.

5. Disable OCP for OUT7 with bit OUT7_OCP_DIS in register HS_REG_CNFG1.

Table 7-15. OUT7 ITRIP Frequency Option Summary

Frequency (firrip_ns)

OUT7_ITRIP_FREQ

1.7 kHz 00b
2.2 kHz 01b
3 kHz 10b
4.4 kHz 11b

Table 7-16. OUT7 ITRIP Blanking Option Summary

Blanking Time (trip_ns_gLK)

OUT7_ITRIP_BLK

RSVD 00b
O s 01b
20 ps 10b
40 us 11b

Table 7-17. OUT7 ITRIP Deglitch Option Summary

Deglitch Time (titrip_ns_pc)

OUT7_ITRIP_DG

48 ps 00b
40 ps 01b
32 ps 10b
24 us 11b

The ITRIP deglitch timer starts when the OUT7 ITRIP blank time expires. The minimum OUT7 ITRIP ON time
is the sum of blanking and deglitch times, and total period is determined by the OUT7 ITRIP frequency. The
diagram below shows the ITRIP behavior for OUT7.
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tout7_iTRIP_BLK TOUT7_ITRIP_FREQ _>| ¢

Figure 7-5. OUT7 ITRIP Behavior with Incandescent Bulb

The recovery activation sequence for OUT7 in HS ITRIP mode has three configurable timing parameters:

* tout7_imriP_Frea (1/Tout7_ITRIP_FREQ)
* tout7 ITRIP BLK
* tout7ITrRIP DG

The blanking time touT7 ITRIP BLK IS default 40 us (typ), after which the over current condition can be detected.
touT7 ITRIP DG is the time OUT7 remains on after over current protection threshold is exceeded. Tout7 ITRIP FREQ
is the time period of the ITRIP loop, inverse of toyt7 iTRIP FREQ- These settings are configurable in register
HS REG_CNFG1. -

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 750-mQ driver effectively, or
OUT9, OUT10, and OUT12 can be connected in parallel as a 375-mQ driver effectively.

However, there are limitations with this mode of operation:

* Internal PWM control will not work for parallel high-side drivers and should not be configured for this mode of
operation.

» Constant current mode will not be possible and should be disabled.

» Protection circuitry will function, but trip at different thresholds.

If operating in parallel, the high-side drivers should 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 may 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.
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Only a limited amount of energy (<1 mJ) can be dissipated by the internal ESD diodes during freewheeling. For
inductive loads greater than 100 pH, it is required to connect an external freewheeling diode between GND and
the corresponding output.

7.4.2.2.2 High-side Driver Over Current Protection
High-side drivers OUT7 through OUT12 over current fault detection leads to shutting off of faulty output (latch).

The over current threshold locy for high-side drivers is configurable between high and low-current thresholds
with bit OUTX_OC_TH in register HS_OC_CNFG. The two options are 250 mA for low-current mode and 500
mA high-current mode. There is also a configurable deglitch time tocp Hs pg Similar to the half-bridge drivers,
which can be configured with bits OUTX_OCP_DG in register HS_OCP_DG.

For OUT7, the current protection threshold bit is set with OUT7_RDSON_MODE bit in register HS_OC_CNFG.
The two options for OUT7 Rpgon modes set the thresholds at 500 mA and 1.5 A (Ob for high RDSON mode and
1b for low RDSON mode respectively). 1.5 A threshold is intended as an application limit when a lamp or bulb
load is driven with OUT7, and the 500 mA is intended for LED loads.

However, to drive a load like lamp of bulb in application with OUT7, the over current limit must be disabled with
OUT7_OCP_DIS bit in register HS_REG_CNFG1.

If the load current on any active output exceeds this configured current threshold for longer than tocp us pe.
the over current OUTx_OCP and HS fault status bits are latched, and the corresponding output is shutoff. The
bit remains set until the CLR_FLT bit has been set. The diagram below shows the over current behavior for
high-side drivers:

Load Current

»

(|LOAD) Peak Current
4 due to deglitch
***** time
|

locpx |

B / | OC Status bit
| } goes high
| I
| I
| I
| I
| I
| I
]

| o CLR_FLT bit set /

OUTx Lo \

\

| L »
| I
|

—> t
tocr Hs

Figure 7-6. High-side Drivers Over Current Protection

7.4.2.2.3 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 bit OUTX_OLA_TH in register HS_OL_CNFG.

Open-load detection must be enabled with bit OUTX_OLA_EN in register HS_OL_CNFG.

If the load current IoyTx is below the open-load threshold (lo.p Hs) for t > to Hs out, 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 7-7. 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 circuit stops. The high-side driver
OLA circuit requires a CLR_FLT to restart the open-load detection cycle.

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 Electro-chromic Glass Driver
Table 7-18. 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 electro-chromic driver block that can be used to charge or discharge an
electro-chromic element of a mirror. The electro-chromic driver block charges an external MOSFET to control
the charging and discharge voltage of the electrochromic element. The driver configuration operates with either
high-side driver OUT11 as protected supply to the electro-chromic element or without OUT11 (independent
OUT11 control).

7.4.3.1 Electro-chromic Driver Control

Below is the block diagram for the electrochromic driver:

PVDD
[
L
1.5Q
'_
| |
| H
OuUT11
1
EC Control L]
PVDD

6-bit |
iqi ECDRV
Digital Core DAC +\—IV\ _ i )

[4T,

—

. ECFB
+ * 1
LI

m

— 3

| | : 150 T 3

= 2

| 3

3.

o

Figure 7-8. Electro-chromic 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 supply, 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 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 above.
When in this configuration, bits OUT11_CNFG in register HS_HEAT_OUT_CNFG are ignored (ON/OFF, SPI/
PWM). Both OUT11 and the 1.5-Q ECFB low-side discharge MOSFET have overcurrent and 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. In this configuration, there is short to battery,
short to ground, and open load detection on ECFB that can be independently enabled during EC charge state,
replacing the diagnostics of OUT11. As before, the ECFB low-side discharge MOSFET protection circuits are
active during EC discharge state. The diagram below shows this configuration:

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.

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 1.5 V or 1.2 V, depending if bit
ECFB_MAX in register EC_CNFG is set to 1 or 0, respectively. ECFB_MAX = 0b is the default value (1.2 V).

Whenever a new value for the EC voltage is set, there is a blanking time tg k gcrg Of 250 ps 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, the target output
voltage EC_V_TAR must be set to 'Ob’', and bits ECFB_LS EN and EC_ON must be set to '1b". When these
three conditions are met, the voltage at pin ECFB is discharged by pulling the internal 1.5-Q 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, EC_V_TAR = 0b in register HS_EC_HEAT_CTRL.

3. If the regulation loop detects VecpRry is less than Vegpg for longer than tgrecHarce o 3ms, the ECDRV
regulator is switched off and the LS MOSFET on ECFB is activated for ~300 ms (tp;scHarce)- During this
discharge, the ECDRV 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 (VECDRV - VECFB)-

The diagram below shows the PWM discharge cycle of the electrochrome driver:
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Figure 7-9. Electrochrome Discharge with PWM

The status of the voltage control loop is reported via SPI and should be observed to determine EC charge and
discharge control timing. If the voltage at pin ECFB is higher than the target value, then bit ECFB_Hl is set. If the
voltage at pin ECFB is lower than the target value, ECFB_LO is set. Both status bits are valid if they are stable
for at least the filter time trr gcrs. The bits are not latched, and are not assigned as global faults.

Exit discharge mode: To exit discharge mode, ECFB_LS EN must be de-asserted. If ECFB_LS EN bit is left
high when a new target voltage is programmed, the control loop will not respond since internal logic prevents
both OUT11 and ECFB LS from being simultaneously on.

A capacitor of at least 4.7 nF has to be added to pin ECDRYV, and 220 nF capacitor between ECFB and ground
to increase control loop stability. For noise immunity reasons, it is recommended 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 Electro-chromic Driver Protection

The electro-chromic 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.

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):

* OUT11 is shut off (status register set)
+ DAC is reset (EC_V_TAR set to '00000'")
+ ECDRYV pin is pulled to ground
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« 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, and write
the desired value to bits EC_V_TAR in register HS_EC_HEAT_CTRL.

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

Discharge Over current protection: If the load current into the ECFB pin LS MOSFET during discharge
exceeds the over current threshold loc gcpg for longer than tpg oc ecrs, then the LS MOSFET is either Hi-Z
(latch) or enters fixed-frequency regulation mode based on OUT7 ITRIP settings. The over current status bit
ECFB_OC is set, and EC_HEAT is set. Overcurrent fault response is configurable with EC_FLT _MODE bit in
register EC_CNFG. The ITRIP settings are shared with OUT7 ITRIP settings.

Table 7-19. Discharge Over Current Protection

EC_FLT_MODE Fault Response
Ob Latch (Hi-Z)
1b ITRIP (OUT7 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.

For EC direct PVDD supply configuration, there are three comparator-based detection circuits that can be used
when EC regulation is active in place of relying on the OUT11 protection and detection circuits. These include:

» Short to Battery detection on ECFB (overvoltage)
» Short to Ground detection on ECFB (undervoltage)
* Open-load detection on ECFB
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EC supply direct to PVDD: When the EC block is supplied directly to PVDD, short to battery, short to ground,
and open load detection circuits can be independently enabled with bits ECFB_OV_MODE, ECFB_UV_MODE,
and ECDRV_OL_EN in register EC_CNFG. These detection circuits can be enabled regardless of EC supply
configuration if extra diagnostics are desired. However, if they are not desired then it is recommended to disable

them in register.
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Figure 7-10. Electrochrome with direct PVDD supply (OUT11 independent)

40 Submit Document Feedback

Product Folder Links: DRV8000-Q1

Copyright © 2024 Texas Instruments Incorporated


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=SLVSH22&partnum=DRV8000-Q1
https://www.ti.com/product/drv8000-q1?qgpn=drv8000-q1

13 TEXAS
INSTRUMENTS

www.ti.com

DRV8000-Q1
SLVSH22 — MAY 2024

Short to Battery/OV detection: ECFB overvoltage or short to battery is detected when ECFB voltage
exceeds PVDD - 1V, or threshold Vgceg oy, for longer than the deglitch time tgcrg ov pe- BitECFB_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 = 10b, when ECFB
voltage exceeds ECFB_QV for longer than programmed deglitch time tecrg 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 7-20. Electrochrome Overvoltage Fault Response

ECFB_OV_MODE Fault Response
00b No action
01b Report fault in register
10b Pull-down ECDRYV and ECFB LS FET, report fault in register
Table 7-21. EC Overvoltage Deglitch Times
ECFB_OV_DG Deglitch Time
00b 20 ps
01b 50 ps
10b 100 ps
11b 200 ps
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Short to Ground/UV detection: ECFB under voltage or short to ground is detected when ECFB voltage
is detected below the programmed threshold Vecrg yv tH for longer than the programmed deglitch time
tecrs_uv_pe- Bits ECFB_UV_TH and ECFB_UV_DG are set in register EC_CNFG.

Table 7-22. Electrochrome Undervoltage Thresholds

ECFB_UV_TH Under Voltage Threshold
Ob 100 mV
1b 200 mV

Note
When the short to ground/under voltage detection is enabled, if the ECFB target voltage is set
below the programmed threshold, which is either the lowest 4 or 8 bits of resolution depending
on ECFB_UV_TH, a short to ground/under voltage will be detected. If it is desired to enable the
short to ground/under voltage detection, these target voltage values should be avoided to prevent
misdiagnosis of a short to ground/under voltage condition.

For under voltage fault response control, bit ECFB_UV_MODE can be configured in registerEC_CNFG.
If ECFB_UV_MODE = 00b, then no action is taken when ECFB voltage falls below ECFB_UV. For
ECFB_UV_MODE = 10b, then the ECFB_UV bit is set in EC_HEAT ITRIP_STAT register, and EC_HEAT
fault bit is set in register IC_STAT1. For ECFB_UV_MODE = 10b, when UV on ECFB occurs, the ECDRV
pin is pulled down, and the ECFB LS FET is Hi-Z. Faults are reported in the same registers as for
whenECFB_UV_MODE = 01b. The fault responses and bit values are summarized in the table below:

Table 7-23. Electrochrome Undervoltage Fault Response
ECFB_UV_MODE

Fault Response

00b No action
01b Report fault in register
10b Pull-down ECDRV and ECFB LS FET, report fault in register

Table 7-24. EC Undervoltage Deglitch Times

ECFB_UV_DG Deglitch Time
00b 20 ps
01b 50 ps
10b 100 ps
11b 200 ps

PVDD supplied EC Open-load detection: If the EC block is not configured to be supplied with OUT11, a
separate EC open-load detection circuit can be enabled with bit ECDRV_OL_EN in register EC_CNFG. When
enabled, a current source injects a small current into the ECFB node, and the ECFB voltage is compared with
the open-load threshold voltage. If the open-load threshold is exceeded, an open load condition is detected and
the ECFB_OL bit will be set. The truth table below shows possible values for both open load and short to battery
detection status:

Table 7-25. Open Load and Over Voltage Detection Truth Table

ECFB_OL ECFB_OV Status
1b 1b Short to battery/overvoltage
1b Ob Open-load
Ob 1b Not possible
Ob 0Ob Normal operation
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7.4.4 Half-bridge Drivers

Table 7-26. 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 7.4.4.2

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 1.5-Q half-bridges, two 300-Q half-bridges, and two 100-Q half-bridges. 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
1500 mQ

ouT2 ouT3 ouT4 OouTs
1500 mQ 400 mQ 400 mQ 130 mQ

Mirror Fold | Safe Lock

MW

Figure 7-11. 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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Figure 7-12. 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/PWM control from PWM2 pin is only available for half-bridges. When IPROPI/PWM2 pin is configured
for PWM input, IPROPI sense output becomes unavailable.

IPROPI/PWM2 is sense output by default. The configuration table is shown below. Note that OUT5 and OUT6
are configured in HB_OUT_CNFG2 and OUT1 through OUT4 are configured in HB_OUT_CNFGH1:

Table 7-27. 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 ~PWM1 PWM1
Complementary
Control
0 1 1 PWM 1 LS Control OFF PWM1
1 0 0 PWM 1 HS Control PWM1 OFF
1 0 1 PWM 2 ~IPROPI/PWM2 IPROPI/PWM2
Complementary
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 7-28. 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 or 10Xb), the inputs can accept
static or pulse-width modulated (PWM) voltage signals for either 100% or PWM drive modes. The default
behavior for half-bridges during off-state of PWM signal is to Hi-Z the output.

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 voltage. No
external timing is required. This scheme ensures minimum dead time, while guaranteeing no shoot-through
current.

7.4.4.2 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 HB_ITRIP_CONFIG
register. Each half-bridge has two possible ITRIP current thresholds, and OUT3-6 also have a third lower current
threshold option. ITRIP thresholds, enables, and timing settings are set individually for each half-bridge.

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- and synchronous rectification (active and passive
freewheeling). The freewheeling settings are shared between half-bridge pairs. 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. ITRIP is dynamically blanked
by internal over-current protection circuitry.

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

Table 7-29. Half-bridge ITRIP Synchronous Rectification Settings

NSR_OUTX_DIS ITRIP Half-bridge Off-time Response
Ob Hi-Z
1b complementary MOSFET ON

Table 7-30. ITRIP Current Thresholds for Half-bridges

Half-bridges Typ ITRIP Current Thresholds OUTX_ITRIP_LVL
ouTe 6.25 A 10b
55A 01b
225A 00b
ouTS 75A 11b
6.5A 01b
275A 00b
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Table 7-30. ITRIP Current Thresholds for Half-bridges (continued)

Half-bridges Typ ITRIP Current Thresholds OUTX_ITRIP_LVL
OUT3 & OUT4 35A 10b
25A 01b
1.25A 00b
OUT1 & OUT2 0.875A 1b
0.7A Ob

Table 7-31. ITRIP Timing - Deglitch Options

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

Table 7-32. ITRIP Timing - Frequency Options

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

If 20 kHz 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-

« IfITRIP limit is still exceeded after the deglitch time, then either the half-bridge will Hi-Z or turn-on 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 will be enabled.

For example, NSR_OUTX_DIS = 1b and OUTX_CNFG = 100b or 010b. 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 rectifcation 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 0 A during ITRIP regulation for longer than the deglitch time,
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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:

ITRIP
ITRIP level NG PP N
torr = Period -
ton
Current « > » >
ton ton

laLan 5 i Lo < Lo ilmana i taand .

g E)GJTRW,;B‘ torr T Tt toclmrie B! topr | tDGLTRP.HB tOFF 1 1 torr "

. < T >4 T »t t »t T »t t »

Fixed Freq Pulsed PERIOD T PERIOD i PERIOD i PERIOD i PERIOD T

HS_ON
LS_ON

Figure 7-13. 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.

7.4.4.3 Half-bridge Protection and Diagnostics

The half-bridge drivers are protected against over-current. The device also offers on-state and off-state load
monitoring. Fault signaling is done through register HB_STATX.

7.4.4.3.1 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, it is possible to detect the following fault
conditions passively:

*  OQutput short to VM or GND < 1000 Q

* Open load > 1.5K Q for high-side load, VM =13.5V

Note
It is NOT possible to detect a load short with this diagnostic. However, the user can deduce this
logically if an over current fault (OCP) occurs when an output is actively driven, but OLP diagnostics
do not report any fault in the when the output is disabled. Occurrence of both OCP when an output
is actively drive and OLP when the output is disabled would imply a terminal short (short on selected
output node).
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* The user can configure the following combinations
— Internal pull up resistor (Rg p py) on OUTx
— Internal pull down resistor (Ro p pp) on OUTx
— Comparator reference level -

» This combination is determined by the HB_OLP_CNFG bits in the HB_OL_CNFG1 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 its output is
settled.

» Based on the input combinations and status register, the user can determine if there is a fault on the output.

PVDD PVDD
DVDD DVDD

4 Lal

Rotp_pu [ — Rovp_pu

e »
| ouTx ouTy
4—Register control —»

_{

RoLp_pp %RHIZ J : ™ L %Rmz Rovp_rp
H F|Iter Filter —4

—) S 1 /4—
l/ PGND PGND \l

REF Voltage proportional

. . to Internal 5V
Output in register

OUTXx_OLP Vore e

VOLP_REFL

Register control —*

Figure 7-14. Off-State (Passive) Diagnostics

The following output, pull-down/pull-up and VREF combinations are shown below:
Table 7-33. Off-state Output Pull-up/pull-down and VREF Options

HB_OLP_CNFG Description

00b OLP Off

01b Output X Pull-up enabled, Output Y pull-down enabled, Output Y
selected, VREF Low

10b Output X Pull-up enabled, Output Y pull-down enabled, Output X
selected, VREF High

11b Output X Pull-down enabled, Output Y pull-up enabled, Output Y
selected, VREF Low

The OLP combinations and truth table for a no fault scenario vs. fault scenario for a low-side load is shown
in Table 7-34 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).
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Table 7-34. Off-State Diagnostics Control Table

User Inputs OLP Set-Up HB_OLP_STAT
HB—NOFLGP—C nSLEEP OUTX OUTY |CMP REF soer::tl:d Normal | Open Short VM Short
2'b01 1 Rotp pu Rote po | VoLp ReFL OuTY 1b ob ob 1b
2b10 1 Rop pu Roe pp | VoLp ReFH OUTX ob 1b ob 1b
2b11 1 Rotp pb Rotp pu | VoL 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 will be automatically disabled (Ob).

Table 7-35. OUTx & 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

7.4.4.3.2 Half-Bridge Active Open Load Detection (OLA)

When the device is active and waiting for drive commands (nSLEEP is HI), 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_OLA in register HB_STAT2 and
WARN bit in register IC_STAT1.

From standby or sleep mode, starting with OUT1, the control loop will begin to check open-load status. The
open-load detection threshold is configurable for either 32 or 128 cycles with bit OUTx_OLA_TH in register
HB_OL_CNFG2. If an output is driven with EN/DIS only (no PWM switching) then the open-load detection time is
5 ms.

If open-load is detected for longer than the cycle count threshold or before timeout occurs, then bit OUTx_OLA
is reported. If no open-load is detected after 32 or 128 cycles, 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 must be enabled (OUTx_CNFG = X1b). The diagram below shows the OLA scheme:
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Figure 7-15. 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 5ms

4. OLA has 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 46 ms to cycle through
all half-bridges. When a half-bridge is driven individually or sequentially, the loop detects open load within 5
ms or faster (depending on EN or PWM control). 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 5 ms, and so the half-bridge is
skipped.

7.4.4.3.3 Half-Bridge Over-Current 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 over current threshold Igcp outx for longer than
toc ocp He, an over current fault is detected. The corresponding output is Hi-Z (latch behavior) and the fault is
latched in register (HB_STAT1).

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

Table 7-36. Half-bridge Over Current Deglitch

Deglitch time OUTX_OCP_DG Voltage Limitation
6 us 00b Forced option if Vpypp > 28 V
10 s 01b <28V
20 ps 10b <28V
60 ps 11b <20V

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 over current behavior of a half-bridge:
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Figure 7-16. Over Current 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
their functions.

Table 7-37. Input PWM Modes

PWM Mode BRG_MODE
Section 7.4.5.1.1 00b
01b (PH/EN)
Section 7.4.5.1.2
10b (PWM)

The waveform below shows the expected timing waveform for the gate driver outputs:

tror _Hs troF_ns
|
|
I
|
|
|
50% |
- T
VnSCS,GDJNx |
|
|
I
|
|
|
|
|
|
|
|
80%
Vas(6Lx)
20%
80% _ _
Ves(GHx)
20%

Figure 7-17. Gate Driver Timing Diagram - Half-bridge or PWM mode (BRG_MODE = 00b or 10b
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Figure 7-18. Gate Driver Timing Diagram - PH/EN mode (BRG_MODE = 01b

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 Z
0 0 0 L H L
0 0 1 H L H
INX Half-Bridge
JUuuuuL PWM Control

MCU GPIO DRVOFF

Figure 7-19. Half-Bridge Control

Copyright © 2024 Texas Instruments Incorporated
Product Folder Links: DRV8000-Q1

Submit Document Feedback 53

ADVANCE INFORMATION


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=SLVSH22&partnum=DRV8000-Q1
https://www.ti.com/product/drv8000-q1?qgpn=drv8000-q1

NOILVINYO4ANI 3ONVAQV

13 TEXAS
DRV8000-Q1 INSTRUMENTS
SLVSH22 — MAY 2024 www.ti.com

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 registerGD_HB_CTRL.

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 = 0b and both half-bridge are controlled from pins. If INx_MODE = 1b, the half-bridge
is controlled with SPI bit S_INx. If IN1_MODE is set to 1b and IN2_MODE is set to 0Ob, the half-bridge 1 is
controlled through SPI bit S_IN1, and half-bridge 2 is controlled with pin IN2. 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 = 0b)

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

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

0 0 X Ob 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 7-20. H-Bridge PH/EN Control

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

DRVOFF IN1 (EN) S(l_:‘ll-hll)2 BRVGV—F GH1 GL1 GH2 GL2 SH1 SH2 DESCRIPTION
1 X X X L L L L z VA High Impedance
0 0 X Ob 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 0b X L H H L L H Drive SH2 — SH1 (Reverse)
0 1 1b X H L L H H L Drive SH1 — SH2 (Forward)
H-Bridge
[weu pwn] TTLILIUULIL PHEN
Control
[ ser | I I SN2 e e
Figure 7-21. H-Bridge PH/EN Mixed Control
Table 7-41. H-Bridge PH/EN Control (BRG_MODE = 01b, IN1_MODE = 1b)
DRVOFF S(E'H; N2 (PH)| PR5F | GH1 | L1 | GH2 | 6Lz | sH1 | sh2 DESCRIPTION
1 X X X L L L L z z High Impedance
0 0 X Ob 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 1b 0 X L H H L L H Drive SH2 — SH1 (Reverse)
0 1b 1 X H L L H H L Drive SH1 — SH2 (Forward)
[Pt I _s wr @yl s
PH/EN

IN2 (PH) Control

[meu pwn] ML

Figure 7-22. 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 Nt | w2 | PRSF ) GHt | el | eH2 | ez | sH1 | sh2 DESCRIPTION
1 X X X L L L L z z High Impedance
0 0 0 X L L L L z 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)
0 1 1 0b L H L H L L Low-Side Active Freewheel
0 1 1 1b H L H L H H High-Side Active Freewheel

IN1 H-Bridge
meu Pwm | TTTTTTLITL PWM Mode
Control
MCU PWM IN2

Figure 7-23. 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 pull
downs 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 live status bit DRVOFF_STAT in regsiter 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
de-asserted.

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. It is recommend 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. If CLR_FLT is issued within
3ms of DRVOFF going low, DRVOFF status latch may not clear.

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 are only available in the
Section 7.4.4.1 and PH/EN mode. 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:
« Figure 7-24

56 Submit Document Feedback Copyright © 2024 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=SLVSH22&partnum=DRV8000-Q1
https://www.ti.com/product/drv8000-q1?qgpn=drv8000-q1

13 TEXAS
INSTRUMENTS DRV8000-Q1
www.ti.com SLVSH22 — MAY 2024

 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 pull up current during non-switching period.
IDRIVE / TDRIVE IsTRONG Fixed gate driver strong pull down current during non-switching period.
t IbrvpyN drive current duration before Iyop 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 Vs 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.
Copyright © 2024 Texas Instruments Incorporated Submit Document Feedback 57

Product Folder Links: DRV8000-Q1

ADVANCE INFORMATION


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=SLVSH22&partnum=DRV8000-Q1
https://www.ti.com/product/drv8000-q1?qgpn=drv8000-q1

NOILVINYOANI 3ONVAQV

DRV8000-Q1
SLVSH22 — MAY 2024

i3 TEXAS
INSTRUMENTS

www.ti.com

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 pull-down resistors.
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Figure 7-24. 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 pull up (Ipryp) and pull
down (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, it 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 tpr)ye duration expires, the gate driver switches to a hold current (4oL p) for the
pull up 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 pull-down (Istrong) Whenever the opposite MOSFET in the half-bridge is
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switching. 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 tpriye time.
If the gate voltage has not reached the proper threshold, the gate driver will report the corresponding fault
condition. To ensure a false fault is not detected, a tprye time should be selected that is longer than the time
required to charge or discharge the MOSFET gate. The tpr;ye time does not impact the PWM minimum duration
and will terminate early if another PWM command is received.
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Figure 7-25. TDRIVE Turn On / Off

7.4.5.2.4.1 tpryye Calculation Example

The driver gate to source monitor timeout (ipr)vg) should be configured to allow sufficient time for the external
MOSFETs to charge and discharge for the selected Iprye gate current. By default, the setting is 8us which is
sufficient for many systems. The determine an appropriate tpr)ve 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 >30NnC /6 mA=5us (2)

Based on these calculations a value of 8 us was chosen for tprve.
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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 PDR control function is only available in the Section
7.4.4.1 PWM mode.

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 its 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 . The same control loop
is repeated for the MOSFET pre-discharge and post-discharge as shown in PDR Charge Profile and PDR
Discharge Profile. Several examples of the full control loop in different PWM and motor cases are shown in HS
Drive PWM Turn On/Off Example and LS Drive PWM Turn On/Off Example.

L
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Figure 7-26. PDR Charge Profile Figure 7-27. 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_x) by dynamically adjusting the driver pre-charge (lprg chr) and pre-
discharge (lpre pchr) current levels through a proportional gain error controller (KP_PDR_x). The error
controller measures the difference in the measured propagation delays (ton, torr) compared to the configured
propagation delay (T_DON_DOFF_x) 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.

7.4.5.2.6.1 PDR Pre-Charge/Pre-Discharge Setup

* Enable the PDR control loop. EN_PDR_x register setting.

» Set the active PWM half-bridge. SET_AGD_x register setting. Note: The advance driver control settings are
shared between each half-bridge pair (1 and 2).

» Set the target ton and torr propagation delay. T_DON_DOFF_x register setting. It is recommended to
maintain a value greater than 700 ns to accommodate driver and system delays.

» Optional Configuration Options:
— Adjust initial current values. PRE_CHR_INIT_x, PRE_DCHR_INIT_x register settings.
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— Adjust pre-charge and pre-discharge time duration. T_PRE_CHR_x, T_PRE_DCHR_x register settings.
— Adjust the proportional gain controller strength. KP_PDR_x register setting.
— Adjust the maximum current level threshold. PRE_MAX_x register 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 Vgpy 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 it is assumed that the configured MOSFET through
IDIR_MAN_SEL is the drive MOSFET. 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 IDIR_MAN_SEL = 0b, the high-side MOSFET is the drive MOSFET and the low-side
MOSFET is the freewheel MOSFET. If IDIR_MAN_SEL = 1b, the low-side MOSFET is the drive MOSFET and
high-side MOSFET is the freewheel MOSFET.
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LS Drive PWM Turn On/Off Example shows the low-side MOSFET (LS2) controlling the Vgny switch-node

voltage transition and the high-side MOSFET (HS2) acting as the freewheeling MOSFET.
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Figure 7-29. 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 in order 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 dependancy on whether
the freewheeling MOSFET must be charged or discharged before the Vg, 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 that will receive 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 will adjust the gate drive output current (Ipryp and Ipryn) 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 its 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 will automatically switch
between ftripler (dual-stage) mode and doubler (single-stage) mode after the PVDD pin voltage crosses the
VCP_SO threshold in order 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, 1-pF, 16-V ceramic capacitor (X7R recommended) between the PVDD
and VCP pins to act as the storage capacitor. Additionally, a low ESR, 100-nF, 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, it should be ensured 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, it 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 7-30. SP should connect to the
positive terminal of the shunt resistor and SN should connect to the negative terminal of the shunt resistor. If the
amplifiers are not utilized, the SN, SP inputs can be tied to PCB GND and the SO output left floating.

Note
It should be noted that in high-side sense configuration there exists a leakage path of approximately
600kQ to GND when nSLEEP = 0V.

66 Submit Document Feedback Copyright © 2024 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=SLVSH22&partnum=DRV8000-Q1
https://www.ti.com/product/drv8000-q1?qgpn=drv8000-q1

13 TEXAS
INSTRUMENTS DRV8000-Q1
www.ti.com SLVSH22 — MAY 2024

VAREF

L
L

!

Rshunt

ViRl

RGAIN

Figure 7-30. 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 will be 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
Output A 400 kQ
Blanking AV SP
Switch 10 kQ 200 kQ Je——
SO - AN ¥ o-
4—[] O\C L Rshunt
+ AN _t SN
10 kQ 200 kQ Je—
Roean = 50kQ, 100kQ, AV
200kQ, 400kQ 400 kQ v
Vovop éARGAlN

+

Output Reference Buffer
| @ Vovop / 2, Vovop / 8

Figure 7-31. 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 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 will extend 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 when it is disconnected during blanking. Typically this capacitor
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should be after a series resistor in a RC filter configuration to limit direct capacitance seen directly at the
amplifier output. An example of the blanking function is shown in Figure 7-32.

Figure 7-32. 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 Vpgs |y for longer than the tps pg time, a Vpg
overcurrent condition is detected. The voltage threshold and deglitch time can be adjusted through the or 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 pull downs 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 pull downs are enabled and
FAULT register bit, and associated VDS_XX register bit are asserted. The next PWM input will clear the
FAULT register bit and reenable the driver automatically. The associated VDS_XX register bit will remain
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 will not take any action. The warning remains latched until CLR_FLT is issued.

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

When a Vpg overcurrent fault occurs, the gate pull down current can be configured in order 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 configure through the VDS_IDRVN register setting.

7.4.5.5.2 Gate Driver Fault (VGS_GDF)

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

The Vgs 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 pull downs 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 pull downs are enabled and
FAULT register bit, GD and associated VGS_XX register bit asserted. The next PWM input will clear the
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FAULT register bit and reenable the driver automatically. The VGS_XX and GD bits will remain 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 will not take any action. The warning remains latched until CLR_FLT is issued.

» Disabled Mode: The Vgg gate fault monitors are disabled and will 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 pull down 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 PD_SHx and
PU_SHXx register settings.

The voltage on the SHx pin will be continuously monitored through the internal Vps comparators. During the
diagnostic state the Vpg comparators will 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 will not report faults or warnings.

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

Gate Driver 1 Gate Driver 2

= —
4 >
GHA1 = — GH2
SH1 SH2

= -
< »
GL1 H — GL2

H PGND | | PGND -

L

Figure 7-33. Offline Diagnostics

Note

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

7.4.6 Sense Output (IPROPI)

The device features an output for current sensing, voltage node 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 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 output is a fixed
ratio of the instantaneous current of the enabled driver (OUTx). The signal at the output IPROPI is blanked for
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tipropI_gLkafter switching on the driver to allow time for the circuitry to settle. 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 PVDD Output voltage
10001b Thermal Cluster 1
10010 Thermal Cluster 2

10011 Thermal Cluster 3
10100 Thermal Cluster 4

Since the IPROPI pin is a multi-purpose pin which can also be used as second PWM pin control input option for
half-bridges, 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
IPROP| y
To THERMX_OUT
MCU
ADC * Vpvop_out

IOUT)(

RIPROPI

— GND

Figure 7-34. IPROPI Output Circuit

For current output, the IPROPI output analog current is scaled by Aprop; as follows:

lirrop! = louTx / AiPROPI 3)

For voltage output of PVDD, the voltage is scaled down by a factor of 32 from a range of 4.5V to 40V. The PVDD
voltage output is as follows:

Vipropi = Vpvpp / 32
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For example:

* |PROPI_SEL is selected for PVDD
- PVDDis 13.5V
° VIPROPI =0.422V

The IPROPI output can also provide analog voltage 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.

For voltage conversion of thermal cluster temperature output reading, the voltage is scaled according to the
temperature range -40°C to 185°C and output voltage range of 0V to 3V. The voltage read out :

Vipropi = A + B*Cluster Temperature
where A is offset roughly equal to 980mV, and B is slope of 2mV/°C.

When the cluster temperature is -40°C, the IPROPI output voltage will be 980mV. At 185°C the IPROPI voltage
will be 1.35V.

The IPROPI pin must be connected to an external resistor (Rprop)) to ground in order to generate proportional
voltage V|prop)- This allows for the load current to be measured as a voltage-drop across the Rjprop; resistor in
the application so that the full range of the controller ADC is utilized.

When the output is switched off, the current monitor output is in high impedance mode. The IPROPI output
also has an optional sample and hold circuit that can be enabled with bit IPROPI_SH_EN in register
HB_OUT_CNFGH1.

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 will clear 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 Dg time or the nSLEEP pin is asserted low, the device enter its inactive state disabling the
gate drivers, charge pump, 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 pull downs are enabled, charge pump disabled, FAULT register 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
charge pump disabled until CLR_FLT is issued.

+ Automatic Recovery Mode: After the undervoltage condition is removed, the FAULT register bit is
automatically cleared and the charge pump automatically reenabled. The PVDD_UV register bit remains
latched until CLR_FLT is issued.

7.4.7.4 PVDD Supply Overvoltage Monitor (PVDD_OV)

If the power supply voltage on the PVDD pin exceeds the Vpypp ov threshold for longer than the
trvpp ov pg time, the DRV8000-Q1 detects a PVDD overvoltage condition and action is taken according to
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the PVDD_OV_MODE register setting. The overvoltage threshold and deglitch time can be adjusted through the
PVDD_OV_LVL and PVDD_OV_DG register settings.

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

PVDD_OV_MODE register setting.

» Latched Fault Mode: After detecting the overvoltage condition, the gate driver pull downs are enabled and
FAULT register bit, and PVDD_OV register bit are asserted. After the overvoltage condition is removed, the
fault state remains latched until CLR_FLT is issued.

» Automatic Recovery Mode: After detecting the overvoltage condition, the gate driver pull downs are
enabled and FAULT register bit, and PVDD_OV register bit asserted. After the overvoltage condition is
removed, the FAULT register bit is automatically cleared and the driver automatically reenabled. The
PVDD_QV register bit remains latched until CLR_FLT is issued.

*  Warning Report Only Mode: The PVDD overvoltage condition is reported in the WARN and PVDD_OV
register bits. The device will not take any action. The warning remains latched until CLR_FLT is issued.

» Disabled Mode: The PVDD overvoltage monitor is disabled and will not respond or report.

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, the gate
driver pull downs are enabled and FAULT register bit, and VCP_UV register bit is asserted. The undervoltage
threshold can be adjusted through the VCP_UV_LVL 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
automatically 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 itself. Each of these sensors, called thermal
clusters, measure local die temperature for specific device blocks. These measurements can be converted to a
voltage 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:
» Default mode (OTSD_MODE = 0b): if any cluster reaches thermal shutdown threshold for longer than
totsp pe, the entire device is shutoff.
+ Cluster mode (OTSD_MODE = 1b): if a cluster reaches thermal shutdown threshold for longer than torsp pa,
only that cluster is shutoff. -

There are four zones defined with thermal clusters, shown in the table and diagram below:
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Figure 7-35. Thermal Sensor Zones
Table 7-46. Thermal Cluster Locations
Thermal Cluster 1 Thermal Cluster 2 Thermal Cluster 3 Thermal Cluster 4
Half-bridges OUT5, OUT1 and Half-bridges OUT3, OUT4 and All high-side drivers Global and remaining drivers
ouT2 OouT6

For each zone, there are comparator-based warnings for two temperature points, 115° for low and 140°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 watch dog 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
all drivers. The watch dog fault can be cleared with a CLR_FLT command. If the watchdog is set to disable all
drivers, the drivers will be reenabled after a CLR_FLT command is sent to remove the watchdog fault condition.
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7.4.7.8 Fault Detection and Response Summary Table

Table 7-47. Fault Detection and Response Summary

DIGITAL CHARGE CURRENT
NAME CONDITION SPI BIT MODE CORE PUMP DRIVERS SENSE RESPONSE
. DRVOFF =
D'S?;IiseGrate High or n/a n/a Active Active Pull Down Active n/a
EN_GD =0b
. SPI_ERR,
SPF'aCu'I?Ck C'Ir;":l‘(“grirpn'e SCLK_FLT Latched Active Active Active Active SPI, Reject
Frame
DVDD Power-| - DVDD < POR na Reset Disabled | SEMACIVE | pycobled SPI
on-Reset VDVDD_POR Pull Down
Latched Active Disabled | SEMACIVE | pycobled SPI
PVDD PVDD < Pull Down
Undervoltage | V, PVDD_UV Semi-Acti
PVBD_LV Automatic Active Disabled :ﬂ'g‘gx‘r’f Disabled SPI
PVDD_OV Latched Active Active Pull Down Active SPI
> PVDD_OV Automatic Active Active Pull Down Active SPI
PVDD PVDD
Overvoltage | Vpvpp_ov PVDD_OV Warning Active Active Active Active WARN, SPI
n/a Disabled Active Active Active Active n/a
Latched Active Disabled | SEMACIVE | pycobled SPI
VCP VCP < Pull Down
Undervoltage V VeP_UV Acti
Vep_Lv Automatic Active Active S:lmlng\r’]e Disabled SPI
Latched Active Active :;’SIT—[')E(‘)'?,\V’E Active SPI
VDS VDS > Cycle Active Active vs_ibRN Active SPI
Overcurrent Vvps_LvL GD, VDS_X y Pull Down
Warning Active Active Active Active WARN, SPI
Disabled Active Active Active Active n/a
Latched Active Active Pull Down Active SPI
VGS Gate VGS > GD.VES X Cycle Active Active Pull Down Active SPI
Fault Vves_ L ’ - Warning Active Active Active Active WARN, SPI
Disabled Active Active Active Active n/a
om'Csa%pe” n/a VDS_X MCU Active Active Pull Down Active SPI
Oﬁ“é‘ifcfi?m n/a VDS_X MCU Active Active Pull Down Active SPI
Half-bridge | loutx > locpx HB, Latched Active Active Affected Active SPI
Overcurrent OUTx_HS O driver Hi-Z
Fault (OUT1- CP,
ouTe) OUTx_LS_O
CP
Half-bridge louTx < HB, Latched Active Active Active Active WARN
active open loLp_ouTx OUTx_OLA
load Fault
(OUT1-0UTS6)
Half-bridge louTx < HB, Live Active Active n/a Active WARN
passive open lop outx  |HB_OLP_STA
load Fault T
(OUT1-0UTS6)
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DRV8000-Q1

Table 7-47. Fault Detection and Response Summary (continued)

DIGITAL CHARGE CURRENT
NAME CONDITION SPI BIT MODE CORE PUMP DRIVERS SENSE RESPONSE
High-side louTx > locpx HS, Latched Active Active Affected Active SPI
Driver OUTx_OCP driver Hi-Z
overcurrent
Fault (OUT7-
OuUT12)
High-side lout7 > locy ITRIP, Warning Active Active n/a Active WARN
Driver OUT7 OUT7_ITRIP_
ITRIP STAT
tout7 ImrRiP > HS, ITRIP, Latched Active Active OUT7 Hi-Z Active SPI
tOUT77ITRIP7TO OUT7_|TR|P_ after timeout
TO,
OUT7_ITRIP_
STAT
lout? > loc? ITRIP, Warning Active Active OUT7 ITRIP Active WARN
OUT7_ITRIP_ regulation
STAT indefinite
tout7_ImRiP > ITRIP, Warning Active Active OUT7 ITRIP Active WARN
tOUT7_|TR|P_TO OUT7_|TR|P_ regulation
TO, disabled;
OUT7_ITRIP_
STAT
High-side loutx < locpx HS, Warning Active Active Active Active WARN
Driver open OUTx_OLP
load Fault
(OUT7-
OUT12)
ECFB Vecrs>Vecrs_| EC_HEAT, Disabled Active Active n/a Active n/a
Overvoltage oV ECFB_OV
Vecrs>Vecrs | EC_HEAT, Latched Active Active n/a Active SPI
ov ECFB_OV
Vecrs>Vecrs | EC_HEAT, Latched Active Active ECDRV Active SPI
oV ECFB_OV pulled down,
ECFB LS FET
Hi-Z
ECFB Vecrs>Vecrs | EC_HEAT, Disabled Active Active n/a Active n/a
Undervoltage uv ECFB_UV
Vecrs>Vecrs | EC_HEAT, Latched Active Active n/a Active SPI
uv ECFB_UV
Vecrs>Vecrs | EC_HEAT, Latched Active Active ECDRV Active SPI
uv ECFB_UV pulled down,
ECFB LS FET
Hi-Z
ECFB Above |Vecrs>Vec v | EC_HEAT, Live Active Active n/a Active WARN
Target TAR ECFB_HI
Voltage
ECFB Below |Vecre<Vec v | EC_HEAT, Live Active Active n/a Active WARN
Target TAR ECFB_LO
Voltage
ECFB lecre™> EC_HEAT, Latched Active Active ECFB Hi-Z Active SPI
Overcurrent lecFB_oC ECFB_OC
(discharge)
ECFB Open lece< EC_HEAT, Latched Active Active n/a Active WARN, SPI
load IOL_ECFB_LS ECFB_OL
(discharge)
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Table 7-47. Fault Detection and Response Summary (continued)

DIGITAL CHARGE CURRENT
NAME CONDITION SPI BIT MODE CORE PUMP DRIVERS SENSE RESPONSE
ECFB Open Vecrs> EC_HEAT, Latched Active Active n/a Active WARN, SPI
load (active/ VECFBfOV ECFB_OL,
charge, ECFB_OV
ouT!
independent
mode,
ECDRV_OL _
EN enabled)
Heater VDS | Vheat vps > EC_HEAT, Latched Active Active Pull down Active SPI
OveFr:tjjIrtr ent | Vhear_vos v | HEAT_VDS Cycle Active Active Pull Down Active SPI
Warning Active Active Active Active WARN, SPI
Disabled Active Active Active Active n/a
Heater VDS VsH_Hs > EC_HEAT, Latched Active Active Pull down Active SPI
Open load VOL_HEAT HEAT_OL
Fault
Zone X OTW,
Thermal Ty>Torw x | ZONEx_OTW | Automatic Active Active Active Active WARN, SPI
Warning X
Zone X OTSD, Semi-Active
Thermal T;>Torsp | ZONEx_OTS Latched Active Disabled Pull Down, Hi- Disabled SPI
Shutdown D z
Invalid Warning Active Active Active Active WARN, SPI
Watchdog Access or WD_FLT - ] -
Expiration Latched Fault Active Active Pull Down Active SPI

7.5 Programming
7.5.1 SPI Interface

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 slave mode and connects to a master 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 command data followed by the existing data
in the register being written to. The data sequence between the MCU and the SPI slave driver is shown in Figure

7-36.

nSCS

SDI

SDO

Al

D1

S

R1

Figure 7-36. SPI Data Frame

A valid frame must meet the following conditions:

* The SCLK pin should be low when the nSCS pin transitions from high to low and from low to high.
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* The nSCS pin should be 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.
» 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

Figure 7-37. SPI Slave 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 BO). 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 7-48. 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 7-49. 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 SPI_E| 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 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
«—
|

CRIID G N X :

|
|
|
|

SDI X :
| : tsu_soi | tH_soi i
I I ——
| |
: : | —5 |

SDO zZ | I X MsB K ><LSB X z
| | .
: I'tp_spo : 7 :tms,nscs:
| | ! I

Figure 7-38. 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 should be considered as reserved locations and the register contents should not be 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=0x01
DRV8001-Q1 Reg Address 0x8h, DEVICE_ID=0x11
DRV8002-Q1 Reg Address 0x8h, DEVICE_ID=0x01
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 | ooh
PVDD_UV PVDD_OV VCP_UV oTW OTSD WD_FLT ITRIP OUT7_ITRIP_TO
PARITY RSVD SCLK_FLT RSVD ZONE4_OTSD | ZONE3_OTSD | ZONE2_OTSD | ZONE1_OTSD
IC_STAT2 R | oth
- 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 RSVD STC_WARN_R | STC_WARN_F | PCHR_WARN | PDCHR_WARN | IDIR_WARN IDIR
GD_STAT 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 = | oo
- RSVD OUT6_HS_OCP | OUT5_HS_OCP | OUT4_HS_OCP | OUT3_HS_OCP | OUT2_HS_OCP | OUT1_HS_OCP
RSVD HB_OLP_STAT
HB_STAT2 R | 04h
RSVD OUT6_OLA OUT5_OLA OUT4_OLA OUT3_OLA OUT2_OLA OUT1_OLA
ECFB_UV ECFB_OV ECFB_HI ECFB_LO ECFB_OC ECFB_OL HEAT_OL HEAT_VDS
EC_HEAT_IT
RIP_STAT | ouT7 ITRIP To | QUT7ITRIP_ST | OUT6_ITRIP_ST | OUT5_ITRIP_ST | OUT4_ITRIP_ST | OUT3_ITRIP_ST | OUT2_ITRIP_ST | OUT1_ITRIP_ST R | 05h
- R AT AT AT AT AT AT AT
RSVD OUT12_OLA OUT11_OLA OUT10_OLA OUT9_OLA OUT8_OLA OUT7_OLA
HS_STAT R | oeh
RSVD OUT12_0CP OUT11_OCP OUT10_OCP OUT9_OCP OUT8_OCP ouUT7_OCP
SPARI?STAT RSVD R | o7h
RSVD
SPARE{STAT R | osh
DEVICE_ID
OTSD_MODE DIS_CP PVDD_OV_MODE PVDD_OV_DG PVD_OV_LVL | VCP_UV_LVL
IC_CNFG1 RW | 09h
- CP_MODE VCP_UV_MODE PVDD—LIJEV—MOD WD_EN WD_FLT_M WD_WIN EN_SSC
RSVD
IC_CNFG2 | 7O0NE4_OTW_H | ZONE3_OTW_H | ZONE2_OTW_H | ZONE1_OTW_H | ZONE4_OTW_L_|ZONE3_OTW_L_|ZONE2_OTW_L_|ZONE1_OTwW_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
GDfIII'):RV70N - - RW | 0Ch
G IDRVP_2 IDRVN_2
GD VGS CN RSVD VGS_IND VGS_TDEAD RSVD '
sl RW | ODh
FG RSVD VGS_TDRV VGS_HS_DIS VGS_LVL VGS_MODE
RSVD VDS_IND VDS_IDRVN VDS_LVL_1
GD_VDS_CN _ — e RW | OEh
FG VDS_MODE VDS_DG VDS_LVL 2
RSVD
GD_CSA_CN RW | OFh
FG CSA_BLK CSA_BLK_SEL CSA_GAIN CSA_DIV CSA_SH_EN
GD AGD CN RVSD PDR_ERR AGD_ISTRONG AGD_THR SET_AGD FW_MAX
_AGD_ RW | 10h
FG EN_DCC IDIR_MAN KP_PST EN_PST_DLY KP_PDR EN_PDR
PRE_MAX T_DON_DOFF
GD_PDGR_CN _ - RW | 11h
F T_PRE_CHR T_PRE_DCHR ‘ PRE_CHR_INIT PRE_DCHR_INIT
RSVD IDIR_MAN_SEL
GD_STC_CN - - RW | 12h
FG T_RISE_FALL ‘ STC_ERR KP_STC EN_STC
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Table 8-2. DRV8000-Q1 Register Map (continued)

NOILVINYO4ANI 3ONVAQV

15 14 13 12 1 10 9 8
Name Type | Addr
7 6 5 4 3 2 1 0
GD_SPARE_
CNFG1 RSVD RW | 13h
HB ITRIP D RSVD OUT6_ITRIP_DG OUT5_ITRIP_DG aw | 14
G OUT4_ITRIP_DG OUT3_ITRIP_DG OUT2_ITRIP_DG OUT1_ITRIP_DG
HB OUT CN RSVD NSR_OUT6_DIS | NSR_OUT5_DIS | NSR_OUT4_DIS | NSR_OUT3_DIS | NSR_OUT2_DIS | NSR_OUT1_DIS | IPROPI_SH_EN !
0 RW | 15h
FG1 RSVD OUT6_CNFG OUT5_CNFG
HB OUT CN RSVD OUT3_CNFG OUT4_CNFG aw | 16
FG2 RSVD OUT2_CNFG OUT1_CNFG
HB OCP CN RSVD OUT6_OCP_DG OUT5_OCP_DG ew | 17
FG OUT4_OCP_DG OUT3_OCP_DG OUT2_OCP_DG OUT1_OCP_DG
HB OL CNF RSVD HB_OLP_CNFG HB_OLP_SEL aw | 18
G1 RSVD OUT6_OLA_EN ‘ OUT5_OLA_EN | OUT4_OLA_EN ‘ OUT3_OLA_EN | OUT2_OLA_EN ‘ OUT1_OLA_EN
HB_OL_CNF RSVD rw | 19n
G2 RSVD OUT6_OLA_TH ‘ OUT5_OLA_TH | OUT4_OLA_TH ‘ OUT3_OLA_TH | OUT2_OLA_TH ‘ OUT1_OLA_TH
HB SR CNF RSVD OUT6_SR OUT5_SR aw | 1an
G OUT4_SR OUT3_SR OUT2_SR OUT1_SR
OUT6_ITRIP_EN | OUT5_ITRIP_EN OUT4_ITRIP_EN‘OUT3_ITRIP_EN OUT2_ITRIP_EN‘OUT1_ITRIP_EN OUT6_ITRIP_LVL
HB_ITRIP_C rw | 18h
NFG OUT5_ITRIP_LVL OUT4_ITRIP_LVL OUT3_ITRIP_LVL OUTZJIR'FL"V OUTUIR'PJ‘V
HB ITRIP ER RSVD OUT6_ITRIP_FREQ OUT5_ITRIP_FREQ aw | 1on
EQ OUT4_ITRIP_FREQ OUT3_ITRIP_FREQ OUT2_ITRIP_FREQ OUT1_ITRIP_FREQ
HS HEAT O HEAT_OUT_CNFG RSVD OUT12_CNFG OUT11_CNFG !
A RW | 1Dh
UT_CNFG OUT10_CNFG OUT9_CNFG OUT8_CNFG OUT7_CNFG
RSVD OUT11_EC_MO RSVD
HS_OC_CNF DE rw | 1En
G OUT7_RDSON_
RSVD RSVD OUT12_OC_TH | OUT11_OC_TH | OUT10_OC_TH | OUT9_OC_TH | OUT8_OC_TH NTODE
HS OL CNF RSVD RSVD OUT12_OLA_TH | OUT11_OLA_TH | OUT10_OLA_TH | OUT9_OLA_TH | OUT8_OLA_TH | OUT7_OLA_TH
- RW | 1Fh
G RSVD RSVD OUT12_OLA_EN | OUT11_OLA_EN | OUT10_OLA_EN | OUT9_OLA_EN | OUT8_OLA EN | OUT7_OLA EN
HS REG CN RSVD OUT7_OCP_DIS ITRIP_TO_SEL e | 20n
FG1 OUT7_ITRIP_CNFG OUT7_ITRIP_BLK OUT7_ITRIP_FREQ OUT7_ITRIP_DG
RSVD RSVD °UT126CCM—T OUT”—OCCM—T OU”OE)CCM—T OUT9_CCM_TO | OUT8_CCM_TO | OUT7_CCM_TO
HS_REG_CN RW | 21h
FG2
RSVD RSVD OU”ZNCCM—E OUT”NCCM—E OU”OT\‘CCM—E OUT9_CCM_EN | OUT8_CCM_EN | OUT7_CCM_EN
HS PWM FR RSVD RSVD PWM_OUT12_FREQ PWM_OUT11_FREQ ew | 22
EQ_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
ECDRV_OL_EN | ECFB_UV_TH RSVD ECFB_UV_DG ECFB_OV_DG
EC_CNFG RW | 24h
ECFB_UV_MODE ECFB_OV_MODE EC_FLT_MODE | ECFB_LS_PWM EC_OLEN ‘ ECFB_MAX
RSVD OUT12_OCP_DG OUT11_OCP_DG
HS_OCP_DG RW | 25h
OUT10_OCP_DG OUT9_OCP_DG OUT8_OCP_DG OUT7_OCP_DG
SPARGEZ—CNF RSVD RW | 26h
SPAR(fgCNF RSVD RW | 27h
SPARGEICNF RSVD RW | 28h
RSVD IPROPI_MODE IPROPI_SEL
IC_CTRL RW | 29h
CTRL_LOCK CNFG_LOCK WD_RST CLR_FLT
GD HB CTR S_HIZ2 S_HIZ1 S_IN2 S_IN1 OUT6_CTRL OUT5_CTRL !
- RW | 2Ah
L OUT4_CTRL OUT3_CTRL OUT2_CTRL OUT1_CTRL
HS EC HEA | ECFB_LS_EN EC_ON EC_V_TAR
- RW | 2Bh
T_CTRL HEAT_EN RSVD OUT12_EN OUT11_EN OUT10_EN OUT9_EN OUT8_EN OUT7_EN
OUT7_PWM_ RSVD OUT7_DC ew | 2c
DC OoUT7_DC
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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
RSVD ouT8_DC
OUT8_PWM_ — R/W | 2Dh
DC ouT8_DC
RSVD OuT9_DC
OUT9_PWM_ — RW | 2Eh
be OUT9_DC
RSVD OuUT10_DC
OuT10_PWM - RW | 2Fh
_bC 0ouT10_DC
RSVD OuT11_DC
OUT11_PWM — RW | 30h
_DC OouT11_DC
RSVD OouT12_DC
OuUT12_PWM — RW | 31h
_DbC 0ouT12_DC
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9 DRV8000-Q1_STATUS Registers

Table 9-1 lists the memory-mapped registers for the DRV8000-Q1_STATUS registers. All register offset
addresses not listed in Table 9-1 should be considered as reserved locations and the register contents should
not be modified.

Table 9-1. DRV8000-Q1_STATUS Registers

Offset Acronym Register Name Section
Oh IC_STAT1 Device status summary 1. Section 9.1
1h IC_STAT2 Device status summary 2. Section 9.2
2h GD_STAT Gate driver status. Section 9.3
3h HB_STAT1 Half-bridge overcurrent status. Section 9.4
4h HB_STAT2 Half-bridge open-load status. Section 9.5
5h EC_HEAT_ITRIP_STAT Electrochrome, Heater, and ITRIP status. Section 9.6
6h HS_STAT High-side driver status. Section 9.7
7h SPARE_STAT1 Spare status 1. Section 9.8
8h SPARE_STAT2 Spare status 2. Section 9.9

Complex bit access types are encoded to fit into small table cells. Table 9-2 shows the codes that are used for
access types in this section.

Table 9-2. 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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9.1 IC_STAT1 Register (Offset = 0h) [Reset = C000h]
IC_STAT1 is shown in Table 9-3.

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 9-3. 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.
0Ob = 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 OV/UV, overcurrent, open load fault indicators for
EC and heater.
8 HS R Oh Logic OR of overcurrent and open load fault indicators for high-side
drivers.
7 PVDD_UV R Oh Indicates undervoltage fault on PVDD pin.
6 PVDD_OV R Oh Indicates overvoltage fault on PVDD pin.
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 OUT7_ITRIP_TO R Oh Indicates OUT7 ITRIP timeout has occurred when set.
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9.2 IC_STAT2 Register (Offset = 1h) [Reset = 0000h]
IC_STAT2 is shown in Table 9-4.

Return to the Summary Table.
Second device status register with SPI faults and specific thermal cluster fault/warning status.
Table 9-4. IC_STAT2 Register Field Descriptions

Bit Field Type Reset Description

15 RESERVED R Oh Reserved

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 16.
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 125°C) has occurred in
zone 4.

6 ZONE3_OTW_H R Oh Indicates high temperature warning (above 125°C) has occurred in
zone 3.

5 ZONE2_OTW_H R Oh Indicates high temperature warning (above 125°C) has occurred in
zone 2.

4 ZONE1_OTW_H R Oh Indicates high temperature warning (above 125°C) has occurred in
zone 1.

3 ZONE4_OTW_L R Oh Indicates low temperature warning (above 105°C) has occurred in
zone 4.

2 ZONE3_OTW_L R Oh Indicates low temperature warning (above 105°C) has occurred in
zone 3.

1 ZONE2_OTW_L R Oh Indicates low temperature warning (above 105°C) has occurred in
zone 2.

0 ZONE1_OTW_L R Oh Indicates low temperature warning (above 105°C) has occurred in
zone 1.
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9.3 GD_STAT Register (Offset = 2h) [Reset = 0000h]
GD_STAT is shown in Table 9-5.

Return to the Summary Table.

Gate driver status register with all gate driver faults and warnings, including smart gate driver faults and

warnings.
Table 9-5. GD_STAT Register Field Descriptions

Bit Field Type Reset Description

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

14 RESERVED R Oh Reserved

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

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

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

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

9 IDIR_WARN R Oh Indicates unknown current direction for half-bridge 1 and 2

8 IDIR R Oh Indicates current direction for 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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9.4 HB_STAT1 Register (Offset = 3h) [Reset = 0000h]
HB_STAT1 is shown in Table 9-6.

Return to the Summary Table.

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

Table 9-6. 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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9.5 HB_STAT2 Register (Offset = 4h) [Reset = 0000h]

HB_STAT2 is shown in Table 9-7.

Return to the Summary Table.

Half-bridge active and off-state open load faults.
Table 9-7. 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 RESERVED R Oh Reserved

11 RESERVED R Oh Reserved

10 RESERVED R Oh Reserved

9 RESERVED R Oh Reserved

8 HB_OLP_STAT R Oh Indicates off-state open load fault on the selected half-bridge output

per HB_OLP_CNFG bits (OUTX or OUTY).

7 RESERVED R Oh Reserved

6 RESERVED R Oh Reserved

5 OUT6_OLA R Oh Indicates active open load fault on half-bridge OUT6.
4 OUT5_OLA R Oh Indicates active open load fault on half-bridge OUTS5.
3 OUT4_OLA R Oh Indicates active open load fault on half-bridge OUTA4.
2 OUT3_OLA R Oh Indicates active open load fault on half-bridge OUT3.
1 OUT2_OLA R Oh Indicates active open load fault on half-bridge OUT2.
0 OUT1_OLA R Oh Indicates active open load fault on half-bridge OUT1.
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9.6 EC_HEAT_ITRIP_STAT Register (Offset = 5h) [Reset = 0000h]
EC_HEAT_ITRIP_STAT is shown in Table 9-8.

Return to the Summary Table.

Includes all electrochrome and heater driver faults and warnings. Also includes ITRIP regulation status warnings.
Table 9-8. EC_HEAT _ITRIP_STAT Register Field Descriptions

Bit Field Type Reset Description

15 ECFB_UV R Oh Indicates undervoltage (short to ground) fault on ECFB pin.
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 OUT7_ITRIP_TO R Oh Indicates ITRIP timeout occurred on OUT?7.

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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9.7 HS_STAT Register (Offset = 6h) [Reset = 0000h]
HS_STAT is shown in Table 9-9.
Return to the Summary Table.
High-side driver overcurrent and open load fault status.
Table 9-9. 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 OUT19_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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9.8 SPARE_STAT1 Register (Offset = 7h) [Reset = 0000h]

SPARE_STAT1 is shown in Table 9-10.

Return to the Summary Table.

Spare status register.

Table 9-10. SPARE_STAT1 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 RESERVED R Oh Reserved
5 RESERVED R Oh Reserved
4 RESERVED R Oh Reserved
3 RESERVED R Oh Reserved
2 RESERVED R Oh Reserved
1 RESERVED R Oh Reserved
0 RESERVED R Oh Reserved
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9.9 SPARE_STAT2 Register (Offset = 8h) [Reset = 0001h]
SPARE_STATZ2 is shown in Table 9-11.

Return to the Summary Table.
Spare status register.
Table 9-11. 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 DEVICE_ID_7 R Oh Device ID bit field 7.

6 DEVICE_ID_6 R Oh Device ID bit field 6.

5 DEVICE_ID_5 R Oh Device ID bit field 5.

4 DEVICE_ID_4 R Oh Device ID bit field 4.

3 DEVICE_ID_3 R Oh Device ID bit field 3.

2 DEVICE_ID_2 R Oh Device ID bit field 2.

1 DEVICE_ID_1 R Oh Device ID bit field 1.

0 DEVICE_ID_0 R 1h Device ID bit field 0.

DRV8000-Q1 address is 0x01.
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10 DRV8000-Q1_CNFG Registers

Table 10-1 lists the memory-mapped registers for the DRV8000-Q1_CNFG registers. All register offset
addresses not listed in Table 10-1 should be considered as reserved locations and the register contents should
not be modified.

Table 10-1. DRV8000-Q1_CNFG Registers

Offset Acronym Register Name Section
Sh IC_CNFG1 IC configuration register 1. Section 10.1
Ah IC_CNFG2 IC configuration register 2. Section 10.2
Bh GD_CNFG Gate driver configuration register. Section 10.3
Ch GD_IDRV_CNFG IDRIVE setting configuration register. Section 10.4
Dh GD_VGS_CNFG VGS detection configuration register. Section 10.5
Eh GD_VDS_CNFG VDS monitoring configuration register. Section 10.6
Fh GD_CSA_CNFG CSA configuration register. Section 10.7
10h GD_AGD_CNFG Advanced smart gate driver configuration register. Section 10.8
11h GD_PDR_CNFG Propagation Delay Reduction configuration register. Section 10.9
12h GD_STC_CNFG Slew time control configuration register. Section 10.10
13h GD_SPARE_CNFG1 Spare gate driver configuration register 1. Section 10.11
14h HB_ITRIP_DG Half-bridge ITRIP deglitch configuration register 2. Section 10.12
15h HB_OUT_CNFG1 Half-bridge output 5 and 6 configuration register. Section 10.13
16h HB_OUT_CNFG2 Half-bridge output 1-4 configuration register. Section 10.14
17h HB_OCP_CNFG Half-bridge overcurrent deglitch configuration register. Section 10.15
18h HB_OL_CNFG1 Half-bridge active and passive open-load enable register Section 10.16
19h HB_OL_CNFG2 Half-bridge active open-load threshold select register. Section 10.17
1Ah HB_SR_CNFG Haf-bridge slew rate configuration register. Section 10.18
1Bh HB_ITRIP_CNFG Half-bridge ITRIP configuration register 1. Section 10.19
1Ch HB_ITRIP_FREQ Half-bridge ITRIP frequency configuration register 2. Section 10.20
1Dh HS_HEAT_OUT_CNFG High-side and heater driver output configuration register. ~ Section 10.21
1Eh HS_OC_CNFG High-side driver overcurrent threshold configuration Section 10.22

register.
1Fh HS_OL_CNFG High-side driver open load threshold configuration Section 10.23
register.
20h HS_REG_CNFG1 High-side driver regulation configuration register. Section 10.24
21h HS_REG_CNFG2 High-side driver regulation configuration register. Section 10.25
22h HS_PWM_FREQ_CNFG High-side driver PWM generator frequency configuration = Section 10.26
register.
23h HEAT_CNFG Heater configuration register. Section 10.27
24h EC_CNFG Electrochrome configuration register. Section 10.28
25h HS_OCP_DG High-side driver regulation configuration register. Section 10.29
26h SPARE_CNFG2 Spare configuration 2. Section 10.30
27h SPARE_CNFG3 Spare configuration 3. Section 10.31
28h SPARE_CNFG4 Spare configuration 4. Section 10.32

Complex bit access types are encoded to fit into small table cells. Table 10-2 shows the codes that are used for
access types in this section.

Table 10-2. DRV8000-Q1_CNFG Access Type Codes

Access Type ‘

Code ‘ Description

Read Type
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Table 10-2. 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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10.1 IC_CNFG1 Register (Offset = 9h) [Reset = 0002h]
IC_CNFGH1 is shown in Table 10-3.

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 10-3. 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 will either shut 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 EN_GD = 0, the charge pump can be disabled, putting the
device in a communication only mode.

Ob = Charge pump enabled.

1b = Charge pump disabled.

13-12

PVDD_OV_MODE

R/W

Oh

PVDD supply overvoltage monitor mode.
00b = Latched fault.

01b = Automatic recovery.

10b = Warning report only.

11b = Disabled.

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/W

Oh

PVDD supply overvoltage monitor threshold.
Ob=215V
1b=285V

VCP_UV_LVL

R/wW

Oh

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

7-6

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/wW

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 dog 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 =4 to 40 ms
1b=10to 100 ms
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Table 10-3. IC_CNFG1 Register Field Descriptions (continued)

Bit Field Type Reset Description
0 EN_SSC R/W Oh Spread spectrum clocking.
Ob = Disabled.
1b = Enabled.
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10.2 IC_CNFG2 Register (Offset = Ah) [Reset = 0000h]
IC_CNFG2 is shown in Table 10-4.

Return to the Summary Table.

Includes thermal cluster warning disable bits.
Table 10-4. IC_CNFG2 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 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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10.3 GD_CNFG Register (Offset = Bh) [Reset = 0000h]
GD_CNFG is shown in Table 10-5.

Return to the Summary Table.

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

enable.

Table 10-5. GD_CNFG Register Field Descriptions

Bit

Field

Type

Reset

Description

15

RESERVED

R

Oh

Reserved

14

RESERVED

R

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 pull up diagnostic current source.
Set EN_OLSC = 1b to use.

Ob = Disabled.

1b = Enabled.

10

PD_SH_1

R/wW

Oh

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

Ob = Disabled.

1b = Enabled.

PU_SH_2

R/wW

Oh

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

Ob = Disabled.

1b = Enabled.

PD_SH_2

R/wW

Oh

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

Ob = Disabled.

1b = Enabled.

RESERVED

Oh

Reserved

IN2_MODE

R/W

Oh

Sets gate driver 2 control source.
0Ob = Input pin IN2.
1b = SPI control bit S_IN2.

IN1_MODE

R/W

Oh

Sets gate driver 1 control source.
0Ob = Input pin IN1.
1b = SPI control bit S_IN1.

BRG_FW

R/W

Oh

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

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.

EN_GD

R/wW

Oh

Enable gate driver bit

0b = Driver inputs are ignored and the gate driver passive pull-downs
are enabled.

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

GD_IDRV_CNFG is shown in Table 10-6.

Return to the Summary Table.

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

Table 10-6. GD_IDRV_CNFG Register Field Descriptions

Bit

Field

Type

Reset

Description

15-12

IDRVP_1

R/W

Fh

Gate driver 1 peak source pull up 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

Fh

Gate driver 1 peak sink pull down 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

Fh

Gate driver 2 peak source pull up 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)

98 Submit Document Feedback

Copyright © 2024 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=SLVSH22&partnum=DRV8000-Q1
https://www.ti.com/product/drv8000-q1?qgpn=drv8000-q1

13 TEXAS

INSTRUMENTS

www.ti.com

DRV8000-Q1
SLVSH22 — MAY 2024

Table 10-6. GD_IDRV_CNFG Register Field Descriptions (continued)

Bit

Field

Type

Reset

Description

IDRVN_2

R/W

Fh

Gate driver 2 peak sink pull down 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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10.5 GD_VGS_CNFG Register (Offset = Dh) [Reset = 0030h]
GD_VGS_CNFG is shown in Table 10-7.

Return to the Summary Table.

VGS fault detection configurations.

Table 10-7. GD_VGS_CNFG 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 VGS_IND R/W Oh VGS independent shutdown mode enable.

Active for BRG_MODE = 00b, 11b.

Ob = Disabled.

1b = Enabled.

VGS gate fault will only shutdown the associated half-bridge.

10-9 VGS_TDEAD R/W Oh Insertable digital dead-time.
00b=0ns
01b=2pus
10b =4 s
11b=8us

RESERVED R Oh Reserved
RESERVED R Oh Reserved

6-4 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

3 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

2 VGS_LVL R/W Oh VGS monitor threshold for dead-time handshake and gate fault
detection.

Ob=1.4V.

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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10.6 GD_VDS_CNFG Register (Offset = Eh) [Reset = 0D2Dh]

GD_VDS_CNFG is shown in Table 10-8.

Return to the Summary Table.

VDS monitoring or short-circuit detection configuration register.
Table 10-8. 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 will shut down all gate drivers.

1b = Enabled.

VDS gate fault will only shutdown the associated gate driver.

13-12

VDS_IDRVN

R/W

Oh

IDRVN gate pull-down current after VDS_OCP fault for gate driver 1
and 2.

00b = Programmed IDRVN

01b =8 mA

10b =31 mA

11b =62 mA

VDS_LVL_1

R/W

Dh

Gate Driver 1 HS and LS VDS overcurrent monitor threshold.
0000b = 0.06 V
00001b =0.08 V
0010b =0.10 V
0011b=0.12V
0100b =0.14 V
0101b=0.16 V
0110b =0.18 V
01M11b=0.2V
1000b = 0.3V
1001b =04V
1010b=0.5V
1011b=0.6 V
1100b = 0.7 V
1101b=1V
1110b=14V
1MM1b=2V

7-6

VDS_MODE

R/W

Oh

VDS overcurrent monitor mode.
00b = Latched fault.

01b = Cycle by cycle.

10b = Warning report only.

11b = Disabled.

5-4

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 10-8. GD_VDS_CNFG Register Field Descriptions (continued)

Bit

Field

Type

Reset

Description

VDS_LVL_2

R/W

Dh

Gate Driver 2 HS and LS 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 =0.3 V
1001b=0.4V
1010b=0.5V
1011b=0.6V
1100b =0.7 V
101b=1V
1110b =14V
MMb=2V

102  Submit Document Feedback

Product Folder Links: DRV8000-Q1

Copyright © 2024 Texas Instruments Incorporated


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=SLVSH22&partnum=DRV8000-Q1
https://www.ti.com/product/drv8000-q1?qgpn=drv8000-q1

13 TEXAS
INSTRUMENTS

www.ti.com

DRV8000-Q1
SLVSH22 — MAY 2024

10.7 GD_CSA_CNFG Register (Offset = Fh) [Reset = 0004h]

GD_CSA _CNFG is shown in Table 10-9.

Return to the Summary Table.

CSA configurations and controls.

Table 10-9. GD_CSA_CNFG 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
7-5 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 R/W Oh Current shunt amplifier blanking trigger source.
0b = 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=VREF /2
1b =VREF /8
0 RESERVED R Oh Reserved
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10.8 GD_AGD_CNFG Register (Offset = 10h) [Reset = 0402h]

GD_AGD_CNFG is shown in Table 10-10.

Return to the Summary Table.

Includes Advanced smart gate driver configurations, enables for DCC and PDR, post-charge settings.
Table 10-10. GD_AGD_CNFG Register Field Descriptions

Bit

Field

Type

Reset

Description

15

RESERVED

R

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 pull-down 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 =1V, VPVDD - 0.5V

01b =1V, VPVDD - 1V

10b =2V, VPVDD - 1.5V

11b =2V, VPVDD - 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[1:0] 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 HBx_HL)

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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10.9 GD_PDR_CNFG Register (Offset = 11h) [Reset = 0AF6h]

GD_PDR_CNFG is shown in Table 10-11.

Return to the Summary Table.

Includes remaining PDR controls, pre-charge settings and timing.
Table 10-11. 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 us)

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

1b=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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10.10 GD_STC_CNFG Register (Offset = 12h) [Reset = 0026h]

GD_STC_CNFG is shown in Table 10-12.
Return to the Summary Table.

Includes configurations and enable for slew time control.

Table 10-12. GD_STC_CNFG Register Field Descriptions

Bit Field Reset

Type

Description

15 RESERVED Oh

Reserved

14 RESERVED Oh

Reserved

13 RESERVED Oh

Reserved

12 RESERVED Oh

Reserved

11 RESERVED Oh

Reserved

10 RESERVED Oh

Reserved

9 RESERVED Oh

Reserved

| OV V| OO D|D|D

8 RESERVED Oh

Reserved

7-4 T_RISE_FALL

X
2

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

3 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

0 EN_STC R/W Oh

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

GD_SPARE_CNFG1 is shown in Table 10-13.

Return to the Summary Table.

Spare configuration register for gate driver.
Table 10-13. GD_SPARE_CNFG1 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 RESERVED R Oh Reserved
5 RESERVED R Oh Reserved
4 RESERVED R Oh Reserved
3 RESERVED R Oh Reserved
2 RESERVED R Oh Reserved
1 RESERVED R Oh Reserved
0 RESERVED R Oh Reserved
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10.12 HB_ITRIP_DG Register (Offset = 14h) [Reset = 0000h]

HB_ITRIP_DG is shown in Table 10-14.

Return to the Summary Table.

Configures ITRIP deglitch for each half-bridge. ITRIP timing is shared between half-bridge pairs.
Table 10-14. HB_ITRIP_DG 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

11-10

OUT6_ITRIP_DG

R/W

Oh

Configures ITRIP deglitch time for half-bridge 6.
00b =2 ps

01b =5 ps

10b =10 ps

11b =20 ps

OUT5_ITRIP_DG

R/wW

Oh

Configures ITRIP deglitch time for half-bridge 5.
00b =2 ps

01b =5 ps

10b =10 s

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

R/W

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

R/W

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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10.13 HB_OUT_CNFG1 Register (Offset = 15h) [Reset = 0000h]
HB_OUT_CNFG1 is shown in Table 10-15.

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 10-15. HB_OUT_CNFG1 Register Field Descriptions

Bit

Field

Type

Reset

Description

15

RSVD

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.

RSVD_7

R/W

Oh

Reserved.

RSVD_6

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 PWM 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 PWM LS Control

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

HB_OUT_CNFG2 is shown in Table 10-16.
Return to the Summary Table.

Configures the output mode for each half-bridge.

Table 10-16. HB_OUT_CNFG2 Register Field Descriptions

Bit Field Type Reset

Description

15 RSVD_15 R/W Oh

Reserved.

14 RSVD_14 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 PWM 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 PWM LS Control

111b = PWM2 HS Control

7 RSVD_7 R/W Oh

Reserved.

6 RSVD_6 RIW oh

Reserved.

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 PWM 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 PWM LS Control

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

HB_OCP_CNFG is shown in Table 10-17.

Return to the Summary Table.

Overcurrent deglitch for half-bridges configuration register.
Table 10-17. HB_OCP_CNFG Register Field Descriptions

Bit

Field

Type

Reset

Description

15

RSVD

R/W

Oh

Reserved.

14

RSVD

R/W

Oh

Reserved.

13

RSVD

R/W

Oh

Reserved.

12

RSVD

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 = 20 ps
11b = 60 ps

OUT5_OCP_DG

R/wW

Oh

Overcurrent deglitch time for half-bridge 5.

00b = 6 ps
01b = 10 ps
10b = 20 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 =20 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 =20 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 =20 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 =20 ps
11b =60 us
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10.16 HB_OL_CNFG1 Register (Offset = 18h) [Reset = 0000h]

HB_OL_CNFG1 is shown in Table 10-18.

Return to the Summary Table.

Configures active and off-state open load detection circuits for half-bridges.
Table 10-18. HB_OL_CNFG1 Register Field Descriptions

Bit

Field

Type

Reset

Description

15

RSVD_15

R/W

Oh

Reserved.

14

RSVD_14

R/W

Oh

Reserved.

13-12

HB_OLP_CNFG

R/W

Oh

Off-state diagnostics configuration.

00b = Off-state disabled

01b = OUT X Pull-up enabled, OUT Y pull-down enabled, OUT Y
selected, VREF Low

10b = OUT X Pull-up enabled, OUT Y pull-down enabled, OUT X
selected, VREF High

11b = OUT X Pull-down enabled, OUT Y pull-up enabled, OUT Y
selected, VREF Low

HB_OLP_SEL

R/W

Oh

Off-state open load diagnostics enable for half-bridge 5.
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

RSVD_7

R/W

Oh

Reserved.

RSVD_6

R/wW

Oh

Reserved.

OUT6_OLA_EN

R/wW

Oh

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

OUT5_OLA _EN

R/wW

Oh

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

OUT4_OLA_EN

R/W

Oh

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

OUT3_OLA_EN

R/W

Oh

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

OUT2_OLA_EN

R/W

Oh

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

OUT1_OLA EN

R/W

Oh

Active open load diagnostics enable for half-bridge 1.
Ob = Enabled
1b = Disabled
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10.17 HB_OL_CNFG2 Register (Offset = 19h) [Reset = 0000h]

HB_OL_CNFG2 is shown in Table 10-19.

Return to the Summary Table.

Configures cycle count threshold for active open load detection circuits of half-bridges.
Table 10-19. HB_OL_CNFG2 Register Field Descriptions

Bit Field Type Reset Description
15 RSVD_15 R/W Oh Reserved.
14 RSVD_14 R/W Oh Reserved.
13 RSVD_13 R/W Oh Reserved.
12 RSVD_12 R/W Oh Reserved.
11 RSVD_11 R/W Oh Reserved.
10 RSVD_10 R/W Oh Reserved.
9 RSVD_9 R/W Oh Reserved.
8 RSVD_8 R/W Oh Reserved.
7 RSVD_7 R/W Oh Reserved.
6 RSVD_6 R/W Oh Reserved.
5 OUT6_OLA_TH R/W Oh Sets the half-bridge 6 active open load cycle count threshold.
0b = 32 cycles
1b = 128 cycles
4 OUT5_OLA_TH R/W Oh Sets the half-bridge 5 active open load cycle count threshold.
0b = 32 cycles
1b = 128 cycles
3 OUT4_OLA_TH R/W Oh Sets the half-bridge 4 active open load cycle count threshold.
0b = 32 cycles
1b = 128 cycles
2 OUT3_OLA_TH R/W Oh Sets the half-bridge 3 active open load cycle count threshold.
0b = 32 cycles
1b = 128 cycles
1 OUT2_OLA_TH R/W Oh Sets the half-bridge 2 active open load cycle count threshold.
0b = 32 cycles
1b = 128 cycles
0 OUT1_OLA_TH R/W Oh Sets the half-bridge 1 active open load cycle count threshold.
0b = 32 cycles
1b = 128 cycles
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10.18 HB_SR_CNFG Register (Offset = 1Ah) [Reset = 0000h]

HB_SR_CNFG is shown in Table 10-20.

Return to the Summary Table.

Configures slew rate timing for each half-bridge.
Table 10-20. HB_SR_CNFG Register Field Descriptions

Bit Field

Type

Reset

Description

15 RSVD_15

R/W

Oh

Reserved.

14 RSVD_14

R/W

Oh

Reserved.

13 RSVD_13

R/W

Oh

Reserved.

12 RSVD_12

R/W

Oh

Reserved.

11-10 OUT6_SR

R/W

Oh

Configures slew rate for half-bridge 6.

00b = 1.6 V/us
01b =10 V/us
10b = 20 V/us

9-8 OUT5_SR

R/wW

Oh

Configures slew rate for half-bridge 5.

00b = 1.6 V/us
01b = 10 V/ps
10b = 20 V/ys

7-6 OUT4_SR

R/wW

Oh

Configures slew rate for half-bridge 4.

00b = 1.6 V/us
01b = 10 V/ps
10b = 20 V/ys

5-4 OUT3_SR

R/wW

Oh

Configures slew rate for half-bridge 3.

00b = 1.6 V/us
01b = 10 V/ps
10b = 20 V/ys

3-2 OUT2_SR

R/W

Oh

Configures slew rate for half-bridge 2.

00b =1.6 V/us
01b =10 V/us
10b =20 V/us

1-0 OUT1_SR

R/W

Oh

Configures slew rate for half-bridge 1.

00b = 1.6 V/ps
01b = 10 V/ps
10b = 20 V/ps
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10.19 HB_ITRIP_CNFG Register (Offset = 1Bh) [Reset = 0000h]
HB_ITRIP_CNFG is shown in Table 10-21.

Return to the Summary Table.

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

pairs.

Table 10-21. 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 for half-bridge 6.

00b=2.25A
01b=55A
10b=6.25A
11b = Reserved.

7-6

OUTS_ITRIP_LVL

R/wW

Oh

Configures ITRIP current threshold for half-bridge 5.

00b=275A
01b=6.5A
10b=75A

11b = Reserved.

5-4

OUT4_ITRIP_LVL

R/W

Oh

Configures ITRIP current threshold for half-bridge 4.

00b=1.25A
01b=275A
10b=35A

11b = Reserved.

3-2

OUT3_ITRIP_LVL

R/W

Oh

Configures ITRIP current threshold for half-bridge 3.

00b=1.25A
01b=25A
10b=3.5A
11b = Reserved.

OUT2_ITRIP_LVL

R/W

Oh

Configures ITRIP current threshold for half-bridge 2.

Ob=0.7A
1b=0.875A

OUT1_ITRIP_LVL

R/W

Oh

Configures ITRIP current threshold for half-bridge 1.

Ob=0.7A
1b=0.875A
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10.20 HB_ITRIP_FREQ Register (Offset = 1Ch) [Reset = 0000h]
HB _ITRIP_FREQ is shown in Table 10-22.

Return to the Summary Table.

Configures ITRIP frequency and deglitch for each half-bridge. ITRIP timing is shared between half-bridge pairs.
Table 10-22. HB_ITRIP_FREQ Register Field Descriptions

Bit

Field

Type

Reset

Description

15

RSVD_15

R/W

Oh

Reserved.

14

RSVD_14

R/W

Oh

Reserved.

13

RSVD_13

R/W

Oh

Reserved.

12

RSVD_12

R/W

Oh

Reserved.

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 =2.5kHz

OUTS_ITRIP_FREQ

R/wW

Oh

Configures ITRIP regulation frequency for half-bridge 5.

00b =20 kHz
01b =10 kHz
10b = 5 kHz

11b =2.5kHz

7-6

OUT4_ITRIP_FREQ

R/wW

Oh

Configures ITRIP regulation frequency for half-bridge 4.

00b =20 kHz
01b =10 kHz
10b = 5 kHz

11b=2.5kHz

5-4

OUT3_ITRIP_FREQ

R/wW

Oh

Configures ITRIP regulation frequency for half-bridge 3.

00b =20 kHz
01b =10 kHz
10b = 5 kHz

11b =2.5kHz

3-2

OUT2_ITRIP_FREQ

R/W

Oh

Configures ITRIP regulation frequency for half-bridge 2.

00b =20 kHz
01b =10 kHz
10b =5 kHz

11b =2.5kHz

1-0

OUT1_ITRIP_FREQ

R/W

Oh

Configures ITRIP regulation frequency for half-bridge 1.

00b =20 kHz
01b =10 kHz
10b = 5 kHz

11b = 2.5 kHz
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10.21 HS_HEAT_OUT_CNFG Register (Offset = 1Dh) [Reset = 0000h]
HS HEAT OUT_CNFG is shown in Table 10-23.

Return to the Summary Table.

Configures the output mode for each high-side driver and heater.
Table 10-23. HS_HEAT_OUT_CNFG Register Field Descriptions

Bit

Field

Type

Reset

Description

15-14

HEAT_OUT_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 = PWM pin control

11b = Reserved

13

RSVD_13

R/W

Oh

Reserved.

12

RSVD_12

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

9-8

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

3-2

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

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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10.22 HS_OC_CNFG Register (Offset = 1Eh) [Reset = 1000h]

HS_OC_CNFG is shown in Table 10-24.

Return to the Summary Table.

Configures overcurrent threshold for each high-side driver.
Table 10-24. HS_OC_CNFG Register Field Descriptions

Bit Field Type

Reset

Description

15 RSVD_15 RIW

Oh

Reserved.

14 RSVD_14 R/W

Oh

Reserved.

13 RSVD_13 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 EC mode.

Default configuration is for EC mode.

OUT11_CNFG mode = 0b

EC mode = 1b

11 RSVD_12 R/W

Oh

Reserved.

10 RSVD_11 R/wW

Oh

Reserved.

9 RSVD_10 R/wW

Oh

Reserved.

RSVD_9 R/wW

Oh

Reserved.

RSVD_8 RIW

Oh

Reserved.

RSVD_6 RIW

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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10.23 HS_OL_CNFG Register (Offset = 1Fh) [Reset = 0000h]
HS_OL_CNFG is shown in Table 10-25.
Return to the Summary Table.
Configures open load threshold for each high-side driver.
Table 10-25. HS_OL_CNFG Register Field Descriptions

Bit Field Type Reset Description

15 RSVD_15 R/W Oh Reserved.

14 RSVD_14 R/W 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 OUT7_OLA_TH R/W Oh Configures high-side driver 7 open load threshold.
Ob = Low threshold
1b = High threshold

7 RSVD_7 R/W Oh Reserved.

6 RSVD_6 R/W 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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10.24 HS_REG_CNFG1 Register (Offset = 20h) [Reset = 0000h]
HS _REG_CNFGH1 is shown in Table 10-26.

Return to the Summary Table.

Configures OUT7 ITRIP settings.

Table 10-26. HS_REG_CNFG1 Register Field Descriptions
Bit Field Type Reset Description
15 RESERVED R
14 RESERVED R
13 RESERVED R Oh Reserved
R
R

Oh Reserved

Oh Reserved

12 RESERVED
11 RESERVED

10 OUT7_OCP_DIS R/W Oh Disables second current limit of 2.5A on OUT7 in low RDSON mode.
Ob = OUT7 OCP enable
1b = OUT7 OCP disable

9-8 ITRIP_TO_SEL R/W Oh Selects the timeout limit for OUT7 ITRIP regulation.
00b =100 ms
01b =200 ms
10b = 400 ms
11b = 800 ms

7-6 OUT7_ITRIP_CNFG R/W Oh Configures OUT7 ITRIP behavior, fault clearing and latching.
00b = ITRIP fault report only

01b = ITRIP regulation with timeout and driver disable

10b = ITRIP regulation always

11b = ITRIP regulation with timeout and regulation disable

5-4 OUT7_ITRIP_BLK R/W Oh Configures OUT7 ITRIP blanking time.
00b = Reserved.

01b =0 ps

10b =20 ps

11b =40 ps

3-2 OUT7_ITRIP_FREQ R/wW 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 ps
01b =40 ps
10b =32 us
11b =24 pus

Oh Reserved

Oh Reserved
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10.25 HS_REG_CNFG2 Register (Offset = 21h) [Reset = 0000h]
HS REG_CNFG2 is shown in Table 10-27.

Return to the Summary Table.

Configures constant current mode for each high-side driver.
Table 10-27. HS_REG_CNFG2 Register Field Descriptions

Bit Field Type Reset Description

15 RESERVED R Oh Reserved

14 RESERVED R Oh Reserved

13 OUT12_CCM_TO R/W Oh Configures the constant current mode timing and current limit option
of high-side output 12.
200 mA for 20 ms = Ob
390 mA for 10 ms = 1b

12 OUT11_CCM_TO R/W Oh Configures the constant current mode timing and current limit option
of high-side output 11.
200 mA for 20 ms = Ob
390 mA for 10 ms = 1b

11 OUT10_CCM_TO R/W Oh Configures the constant current mode timing and current limit option
of high-side output 10.
200 mA for 20 ms = Ob
390 mA for 10 ms = 1b

10 OUT9_CCM_TO R/W Oh Configures the constant current mode timing and current limit option
of high-side output 9.
200 mA for 20 ms = Ob
390 mA for 10 ms = 1b

9 OUT8_CCM_TO R/W Oh Configures the constant current mode timing and current limit option
of high-side output 8.
200 mA for 20 ms = Ob
390 mA for 10 ms = 1b

8 OUT7_CCM_TO R/W Oh Configures the constant current mode timing and current limit option
of high-side output 7.
200 mA for 20 ms = Ob
390 mA for 10 ms = 1b

7 RESERVED R Oh Reserved

6 RESERVED R Oh Reserved

5 OUT12_CCM_EN R/W Oh Enables constant current mode circuit for high-side driver 12.

4 OUT11_CCM_EN R/W Oh Enables constant current mode circuit for high-side driver 11.

3 OUT10_CCM_EN R/W Oh Enables constant current mode circuit for high-side driver 10.

2 OUT9_CCM_EN R/W Oh Enables constant current mode circuit for high-side driver 9.

1 OUT8_CCM_EN R/W Oh Enables constant current mode circuit for high-side driver 8.

0 OUT7_CCM_EN R/W Oh Enables constant current mode circuit for high-side driver 7.
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10.26 HS_PWM_FREQ_CNFG Register (Offset = 22h) [Reset = 0000h]
HS PWM_FREQ_CNFG is shown in Table 10-28.

Return to the Summary Table.

Configures the frequency for each dedicated PWM generator.
Table 10-28. HS_PWM_FREQ_CNFG 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

11-10

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 = Reserved

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 = Reserved

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 = Reserved

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 = Reserved

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 = Reserved

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 = Reserved
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10.27 HEAT_CNFG Register (Offset = 23h) [Reset = 0A3Ch]

HEAT_CNFG is shown in Table 10-29.
Return to the Summary Table.

Configures heater driver and fault responses.

Table 10-29. HEAT_CNFG 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

11-8 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

Oh

Reserved
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10.28 EC_CNFG Register (Offset = 24h) [Reset = 0000h]

EC_CNFG is shown in Table 10-30.
Return to the Summary Table.

Configures electrochrome driver and fault responses.

Table 10-30. EC_CNFG Register Field Descriptions

Bit Field Type Reset

Description

15 ECDRV_OL_EN RIW Oh

When the EC driver is in PVDD Supply/OUT11 Independent EC
Mode (OUT11_EC_MODE = 0b), this bit enables the current source
for open-load detection on ECFB.

This bit can be ignored if the default configuration of EC is used
(OUT11_EC_MODE = 1b).

0b = EC Open-load current source disabled

1b = EC Open-load current source enabled

14 ECFB_UV_TH RIW Oh

Sets the ECFB undervoltage (short to ground) threshold.
Ob =100 mV
1b =200 mV

13 RSVD_13 R/W Oh

Reserved.

12 RSVD_12 R/W Oh

Reserved.

11-10 ECFB_UV_DG R/W Oh

Configures undervoltage fault deglitch time.
00b =20 ps

01b =50 ps

10b = 100 ps

11b =200 ps

9-8 ECFB_OV_DG RIW oh

Configures overvoltage fault deglitch time.
00b =20 ps

01b =50 ps

10b =100 ps

11b = 200 ps

7-6 ECFB_UV_MODE R/wW Oh

Configures ECFB UV fault response for EC driver.

0Ob = No action

01b = Report ECFB voltage < ECFB_UV_TH

10b = Report ECFB voltage < ECFB_UV_TH and disable EC driver.

5-4 ECFB_OV_MODE R/wW Oh

Configures ECFB OV fault response for EC driver.

0Ob = No action

01b = Report ECFB voltage < ECFB_OV_TH

10b = Report ECFB voltage < ECFB_OV_TH and disable EC driver.

3 EC_FLT_MODE RIW Oh

Configures overcurrent fault response for EC driver.
Ob = Hi-Z EC Driver
1b = Retry with OUT7 ITRIP settings

2 ECFB_LS_PWM RIW 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.
Ob = 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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10.29 HS_OCP_DG Register (Offset = 25h) [Reset = 0000h]

HS_OCP_DG is shown in Table 10-31.

Return to the Summary Table.

High-side driver overcurrent deglitch configuration reguration register.
Table 10-31. HS_OCP_DG 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

11-10 OUT12_OCP_DG R/W

Oh

Overcurrent deglitch time for high-side driver 12.
00b =6 ps

01b =10 ps

10b =20 ps

11b = 60 ps

9-8 OUT11_OCP_DG RIW

Oh

Overcurrent deglitch time for high-side driver 11.
00b =6 ps

01b =10 s

10b =20 s

11b =60 ps

7-6 OUT10_OCP_DG RIW

Oh

Overcurrent deglitch time for high-side driver 10.
00b =6 ps

01b =10 ps

10b =20 ps

11b = 60 ps

5-4 OUT9_OCP_DG RIW

Oh

Overcurrent deglitch time for high-side driver 9.
00b =6 ps

01b =10 ps

10b =20 ps

11b = 60 ps

3-2 OUT8_OCP_DG RIW

Oh

Overcurrent deglitch time for high-side driver 8.
00b =6 ps

01b =10 ps

10b =20 ps

11b =60 ps

1-0 OUT7_OCP_DG RIW

Oh

Overcurrent deglitch time for high-side driver 7.
00b =6 ps

01b =10 ps

10b =20 ps

11b =60 us
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10.30 SPARE_CNFG2 Register (Offset = 26h) [Reset = 0000h]

SPARE_CNFG2 is shown in Table 10-32.

Return to the Summary Table.

Spare configuration 2.

Table 10-32. SPARE_CNFG2 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 RESERVED R Oh Reserved
5 RESERVED R Oh Reserved
4 RESERVED R Oh Reserved
3 RESERVED R Oh Reserved
2 RESERVED R Oh Reserved
1 RESERVED R Oh Reserved
0 RESERVED R Oh Reserved
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10.31 SPARE_CNFG3 Register (Offset = 27h) [Reset = 0000h]

SPARE_CNFG3 is shown in Table 10-33.

Return to the Summary Table.

Spare configuration 3.

Table 10-33. SPARE_CNFG3 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 RESERVED R Oh Reserved
5 RESERVED R Oh Reserved
4 RESERVED R Oh Reserved
3 RESERVED R Oh Reserved
2 RESERVED R Oh Reserved
1 RESERVED R Oh Reserved
0 RESERVED R Oh Reserved
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10.32 SPARE_CNFG4 Register (Offset = 28h) [Reset = 0000h]

SPARE_CNFG4 is shown in Table 10-34.

Return to the Summary Table.

Spare configuration 4.

Table 10-34. SPARE_CNFG4 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 RESERVED R Oh Reserved
5 RESERVED R Oh Reserved
4 RESERVED R Oh Reserved
3 RESERVED R Oh Reserved
2 RESERVED R Oh Reserved
1 RESERVED R Oh Reserved
0 RESERVED R Oh Reserved
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11 DRV8000-Q1_CTRL Registers

Table 11-1 lists the memory-mapped registers for the DRV8000-Q1_CTRL registers. All register offset addresses
not listed in Table 11-1 should be considered as reserved locations and the register contents should not be

modified.
Table 11-1. DRV8000-Q1_CTRL Registers
Offset Acronym Register Name Section
29h IC_CTRL IC control register. Section 11.1
2Ah GD_HB_CTRL Gate driver and half-bridge control register. Section 11.2
2Bh HS_EC_HEAT_CTRL High-side driver, EC, and heater driver control register. Section 11.3
2Ch OUT7_PWM_DC OUT7 PWM Duty cycle control register. Section 11.4
2Dh OouT8_PWM_DC OUT8 PWM Duty cycle control register. Section 11.5
2Eh OuUT9_PWM_DC OUT9 PWM Duty cycle control register. Section 11.6
2Fh OuT10_PWM_DC OUT10 PWM Duty cycle control register. Section 11.7
30h OUT11_PWM_DC OUT11 PWM Duty cycle control register. Section 11.8
31h OouUT12_PWM_DC OUT12 PWM Duty cycle control register. Section 11.9

Complex bit access types are encoded to fit into small table cells. Table 11-2 shows the codes that are used for

access types in this section.

Table 11-2. 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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11.1 IC_CTRL Register (Offset = 29h) [Reset = 006Ch]
IC_CTRL is shown in Table 11-3.

Return to the Summary Table.
Control register to lock and unlock configuration or control registers, and clear faults.
Table 11-3. IC_CTRL Register Field Descriptions

Bit Field Type Reset Description

15 RESERVED R Oh Reserved

14 RESERVED R 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 - 01111b = Reserved.

10000b = PVDD voltage sense output
10001b = Thermal cluster 1 output
10010b = Thermal cluster 2 output
10011b = Thermal cluster 3 output
10100b = Thermal cluster 4 output

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
except to the IC_CTRL register.

1 WD_RST R/W Oh Watchdog timer restart.

0b by default after power up.

Invert this bit to restart the watchdog timer.

After written, the bit will reflect 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.
Will also clear SPI fault and watchdog fault status.
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11.2 GD_HB_CTRL Register (Offset = 2Ah) [Reset = 0000h]

GD_HB_CTRL is shown in Table 11-4.
Return to the Summary Table.

Gate driver and half-bridge output control register.

Table 11-4. 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.
Ob = Outputs follow IN1/EN signal.

1b = Gate drivers pull-downs are enabled.
Half-bridge 1 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 IN1/EN signal.

1b = Gate drivers pull-downs are enabled.
Half-bridge 1 Hi-Z

13 S_IN2 R/W Oh

Control bit for IN1 input signal.
Enabled through IN1_MODE bit.

12 S_IN1 R/W Oh

Control bit for IN2 input signal.
Enabled through IN2_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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11.3 HS_EC_HEAT_CTRL Register (Offset = 2Bh) [Reset = 0000h]
HS EC HEAT CTRL is shown in Table 11-5.

Return to the Summary Table.

High-side driver, EC, and heater driver output control register.
Table 11-5. 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.
0V to ECFB max (1.2 or 1.5V).
7 HEAT_EN R/W Oh Enables heater output.
6 RSVD_6 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.
132  Submit Document Feedback Copyright © 2024 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=SLVSH22&partnum=DRV8000-Q1
https://www.ti.com/product/drv8000-q1?qgpn=drv8000-q1

13 TEXAS

INSTRUMENTS

www.ti.com

DRV8000-Q1
SLVSH22 — MAY 2024

11.4 OUT7_PWM_DC Register (Offset = 2Ch) [Reset = 0000h]

OUT7_PWM_DC is shown in Table 11-6.

Return to the Summary Table.

10-bit duty cycle control for high-side driver 7.
Table 11-6. OUT7_PWM_DC 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

9-0 OuUT7_DC R/W Oh 10-bit resolution control of Duty Cycle for dedicated PWM generator

for high-side driver 7.
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11.5 OUT8_PWM_DC Register (Offset = 2Dh) [Reset = 0000h]

OUT8 PWM_ DC is shown in Table 11-7.

Return to the Summary Table.

10-bit duty cycle control for high-side driver 8.
Table 11-7. OUT8_PWM_DC 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

9-0 OouT8_DC R/W Oh 10-bit resolution control of Duty Cycle for dedicated PWM generator

for high-side driver 8.
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11.6 OUT9_PWM_DC Register (Offset = 2Eh) [Reset = 0000h]

OUT9 _PWM_ DC is shown in Table 11-8.

Return to the Summary Table.

10-bit duty cycle control for high-side driver 9.
Table 11-8. OUT9_PWM_DC 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

9-0 ouT9_DC R/W Oh 10-bit resolution control of Duty Cycle for dedicated PWM generator

for high-side driver 9.
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11.7 OUT10_PWM_DC Register (Offset = 2Fh) [Reset = 0000h]

OUT10_PWM_DC is shown in Table 11-9.

Return to the Summary Table.

10-bit duty cycle control for high-side driver 10.
Table 11-9. OUT10_PWM_DC 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

9-0 OouT10_DC R/W Oh 10-bit resolution control of Duty Cycle for dedicated PWM generator

for high-side driver 10.
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11.8 OUT11_PWM_DC Register (Offset = 30h) [Reset = 0000h]
OUT11_PWM_DC is shown in Table 11-10.

Return to the Summary Table.

10-bit duty cycle control for high-side driver 11.
Table 11-10. OUT11_PWM_DC 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

9-0 OuT11_DC R/W Oh 10-bit resolution control of Duty Cycle for dedicated PWM generator

for high-side driver 11.
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11.9 OUT12_PWM_DC Register (Offset = 31h) [Reset = 0000h]
OUT12_PWM_DC is shown in Table 11-11.

Return to the Summary Table.

10-bit duty cycle control for high-side driver 12.
Table 11-11. OUT12_PWM_DC 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

9-0 OuT12_DC R/W Oh 10-bit resolution control of Duty Cycle for dedicated PWM generator

for high-side driver 12.
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12 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.

12.1 Application Information

The DRV800x-Q1 is a highly configurable mult-channel 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.

12.2 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 12-1. DRV8000-Q1 Typical Application
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12.2.1 Design Requirements
The table below lists a set of example input parameters for the system design.

Table 12-1. 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 1kQ
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 Faull Time 250-500ns
PWM Frequency 20kHz
Max H-bridge Motor Current 25A
Shunt Resistor Power Capability 3w

12.3 Initialization Setup
12.4 Power Supply Recommendations

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

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

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

* The motor startup and braking methods

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

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

Local Bulk Capacitor

Figure 12-2. Motor Driver Supply Parastics Example

12.5 Layout
12.5.1 Layout Guidelines

Bypass the PVDD pin to the GND pin using a low-ESR ceramic bypass capacitor Cpypp¢. 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 10 yF. It is acceptable if this capacitance is shared with the bulk capacitance for the
external power MOSFETSs.

Place a low-ESR ceramic capacitor Cgyq and Cgyo> between the CPL1 / CPH1 and CPL2 / CP2H pins.
Additionally, place a low-ESR ceramic capacitor Cycp between the VCP and PVDD pins.

Additional bulk capacitance is required to bypass the high current path on the external power MOSFETs of
the H-bridge driver. This bulk capacitance should be placed such that it minimizes the length of any high
current paths through the external MOSFETs. The connecting metal traces should be 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 should be in line with the components of
the power stage to minimize trace impedance. If possible, the shunt resistor should 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 should be near the star point between the supply and the source
of the high-side MOSFETs. For low-side current sense, the shunt resistor should be between the source of the
low-side MOSFET and the star point ground connection of the power stage. The remaining components should
be placed nearest to the device.

Routing of the sense signals should be 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.
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For the EC driver, the both the Cegcpry and Cecrg bypass capacitors to GND should be placed 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.

12.5.2 Layout Example

/
PVDD \\/ PVDD

Bypass Bulk
##2
C45 C48 C47
Charge Pump

Capacitors

SO Filter ( _
U2, i Caution
Hot

Sur face

DVDD Cé8 RS? C&67
Bypass |i|Ei“i|
[ ] -
Ecory 1) i ()
ECFB
rq =
E [ﬂ i‘gl =c43 ] .g R39 Fllter

oco '@ @Emlﬁasi \ |

RSense
CSA SN/

SP

RS2

R

Figure 12-3. 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
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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 follwed in the evaluation
module layout design when possible.
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13 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 solutions are listed below.

13.1 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.

13.2 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.

13.3 Trademarks

TI E2E™ is a trademark of Texas Instruments.

All trademarks are the property of their respective owners.
13.4 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.

13.5 Glossary

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

14 Revision History

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

DATE REVISION NOTES
May 2024 * Initial release.

15 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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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
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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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SCALE:15X

4223578/A 03/2017

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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RGZ 48

GENERIC PACKAGE VIEW
VQFN - 1 mm max height

7 x 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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15.1 Package Option Addendum

Packaging Information

Orderable Package Type |Package . @ Lead/Ball MSL Peak o Device
Device Status ) Drawing Pins Package Qty |Eco Plan Finish®) Temp® Op Temp (°C) Marking® )
DRV8000QRG |PREVIEW VQFN RGz 48 2500 RoHS & Green |NIPDAU Level-3-260- -40to 125 PDRV8000
ZRQ1 C-168-HR

M

)

©)
4)
®)

(6)

The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

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

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.

PRE_PROD Unannounced device, not in production, not available for mass market, nor on the web, samples not available.

PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

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

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

Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the
requirement that lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, Tl Pb-Free products are suitable for use in specified
lead-free processes.

Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based die adhesive used
between the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.

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

MSL, Peak Temp. -- The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.

There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

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

Lead/Ball Finish - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead/Ball Finish values may wrap to two lines if the
finish value exceeds the maximum column width.

Important Information and Disclaimer: The information provided on this page represents Tl's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on
information provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties.
Tl has taken and continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming
materials and chemicals. Tl and TI suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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15.2 Tape and Reel Information

REEL DIMENSIONS

Reel

Diameter

v

T Reel Width (W1)

TAPE DIMENSIONS

~>‘|<—K0 « P1-»]

R T

& = o | Bo VlV
Cavity —>| A0 |<—

A0

Dimension designed to accommodate the component width

BO

Dimension designed to accommodate the component length

KO

Dimension designed to accommodate the component thickness

Overall width of the carrier tape

P1

Pitch between successive cavity centers

QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE

0 O O O O O O OO0

Sprocket Holes

| |
T T
Q1 : Q2 Q1 : Q2
____I___. -__T__ - . .
Q3 | Q4 Q3 1 Q4 User Direction of Feed
[ & 4 |
T T
=
Pocket Quadrants
Reel Reel "
Device PaT"k?e ;?:""v?ge Pins sPQ Diameter | WidthW1 | ':fn) (::1) (“'f:‘) (r::“) ("‘1’"’“) Qu:'::a"t
ypP 9 (mm) (mm)
DRV8000-Q1 VQFN RGZ 48 2500 330.0 16.4 73 73 1.1 12 16 Q2
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TAPE AND REEL BOX DIMENSIONS

Device

Package Type

Package Drawing

Pins

SPQ

Length (mm)

Width (mm)

Height (mm)

DRV8000QRGZRQ1

VQFN

RGz

48

2500

367

367

35
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @ Ball material ® (415)
(6)
PDRV8000QWRGZRQ1 ACTIVE VQFN RGZ 48 2500 TBD Call Tl Call T -40to 125

@ The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

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

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

OBSOLETE: Tl has discontinued the production of the device.

@ RoHS: Tl defines "RoHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. Tl may
reference these types of products as "Pb-Free".

RoHS Exempt: Tl defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.

Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.

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

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

© Lead finish/Ball material - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two
lines if the finish value exceeds the maximum column width.

Important Information and Disclaimer: The information provided on this page represents Tl's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and TI suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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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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IMPORTANT NOTICE AND DISCLAIMER

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

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

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

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

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

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