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DRV8706-Q1 Automotive H-Bridge Smart Gate Driver With
Wide Common Mode Inline Current Sense Amplifier
1 Features 3 Descriptions

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

— Documentation available to aid functional safety

system design
H-bridge smart gate driver
— 4.9-V to 37-V (40-V abs. max) operating range
— Doubler charge pump for 100% PWM
— Half-bridge and H-bridge control modes
Pin to pin gate driver variants
— DRV8106-Q1: Half-bridge with inline amplifier
— DRV8705-Q1: H-bridge with low-side amplifier
Smart gate drive architecture
— Adjustable slew rate control
— 0.5-mA to 62-mA peak source current output
— 0.5-mA to 62-mA peak sink current output
— Integrated dead-time handshaking
Wide common mode current shunt amplifier
Supports inline, high-side, or low-side
Adjustable gain settings (10, 20, 40, 80 V/V)
Integrated feedback resistors
Adjustable PWM blanking scheme
Multiple interface options available
— SPI: Detailed configuration and diagnostics
— H/W: Simplified control and less MCU pins
Spread spectrum clocking for EMI reduction
Compact VQFN package with wettable flanks
Integrated protection features
— Dedicated driver disable pin (DRVOFF)
— Supply and regulator voltage monitors
— MOSFET Vpg overcurrent monitors
— MOSFET Vgg gate fault monitors
— Charge pump for reverse polarity MOSFET
— Offline open load and short circuit diagnostics
— Device thermal warning and shutdown
— Fault condition interrupt pin (nFAULT)

2 Applications

Automotive brushed DC motors
Solenoids and relays

Power window lift and sliding door
Power sunroof

Power seat modules

Power trunk and lift gate

BDC fuel, water, oil pumps
Windshield wipers

The DRV8706-Q1 is a highly integrated H-bridge
gate driver, capable of driving high-side and low-
side N-channel power MOSFETs. It generates the
proper gate drive voltages using an integrated doubler
charge pump for the high-side and a linear regulator
for the low-side.

The device uses a smart gate drive architecture
to reduce system cost and improve reliability. The
gate driver optimizes dead time to avoid shoot-
through conditions, provides control to decreasing
electromagnetic interference (EMI) through adjustable
gate drive current, and protects against drain to
source and gate short conditions with Vpg and Vgs
monitors.

A wide common mode shunt amplifier provides
inline current sensing to continuously measure motor
current even during recirculating windows. The
amplifier can be used in low-side or high-side sense
configurations if inline sensing is not required.

The DRV8706-Q1 provide an array of protection
features to ensure robust system operation. These
include under and overvoltage monitors for the power
supply and charge pump, Vpg overcurrent and Vgg
gate fault monitors for the external MOSFETSs, offline
open load and short circuit diagnostics, and internal
thermal warning and shutdown protection.

Device Information (V)
PACKAGE BODY SIZE (NOM)
VQFN (32) 5.00 mm x 5.00 mm

PART NUMBER
DRV8706-Q1

(1)  For all avaiable packages, see orderable addendum at the
end of the data sheet.
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An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.
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Device Comparison Table

DEVICE HALF-BRIDGES AMPLIFIERS INTERFACE
DRV8706S-Q1 2 ] Serial (SPI)
DRV8706H-Q1 2 Hardware (H/W)

Table 5-1. SPI vs. H/W Feature Comparison
Feature SPI (S) Interface H/W (H) Interface
PWM Input Mode 4 Modes 4 Modes
Gate Drive Output Current (Iprive) 16 Settings, HS & LS Independent 6 Settings, HS & LS Linked
Dead Time Handshake + 7 Fixed Settings Handshake Only
Vps Comparator Threshold 16 Settings, HS & LS Independent 6 Settings, HS & LS Linked
Vps and Vgg Blanking Time (tprive) 4 Settings Fixed, 4 ys
Vps Deglitch Time 4 Settings Fixed, 4 ys
Vs Deglitch Time Fixed, 2 ys Fixed, 2 ys
Vpg Fault Response 4 Modes Fixed, Cycle-By-Cycle
Vgs Fault Response 4 Modes Fixed, Cycle-By-Cycle
Amplifier Gain 4 Settings 4 Settings
Amplifier Blanking Time 8 Settings N/A
Amplifier Sample and Hold Available N/A
Amplifier Reference Voltage 2 Settings Fixed, Vargr / 2
Vpypp Undervoltage Fault Response 2 Modes Auto Retry
Vpypp Overvoltage Fault Response 4 Modes N/A
Vycp Undervoltage Fault Response 2 Modes Auto Retry
Vycp Undervoltage Threshold 2 Settings Fixed, 2.5V
Offline Open Load Diagnostic Available N/A
Offline Short Circuit Diagnostic Available N/A
Copyright © 2021 Texas Instruments Incorporated Submit Document Feedback 3
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5 Pin Configuration

a Z a Z
2 £ 52 EF ¢ ¢y 2 I 52 E ¢ 2y
(&) (&) > o [a] (0] 7] (0] (@] (@] > o (=] 0] (7] (0]
T T T T T T T T T T T T T T T T
el e Ly Ly Ly Ly Lol Ly Ly by Ly by
o - o o2} «© ~ © 'e) 3] - o [o2] o] ~ © n
Ls2} Lo} (o] a o o o N @ @ @ N N N N N
GND [T 11 2417 |sL2 GND [ 11 2417 | sL2
pvoD |~ 12 == 23 |7 | st pDvDD [ 12 =T m o 23 1 7| s
- - I -
nscs |~ 13 : : 2217 el GAN |13 | : 22 17| aLt
- I - - I -
1 | | 1 | |
SCLK [~ 14 | Thermal | 21 17| st vDs [T 14 : Thermal | 21 17| sH1
soi| 7 1s : Pad : 20 17 | GHi IDRIVE | 15 | Pad : 20 1 7| GH1
- - I -
spo [~ 1s : : 1917 ] sN MODE [ 16 | : 1917 ] sN
- - I -
INVEN |~ 17 L __ I 1817 | spP INVEN | 717 ———————— — — I 1817 | sp
nHIZI | 18 17 17 ] AGND nHIZt [T 18 17 17 ] AGND
o -~ o el < wn © o — o @ < wn ©
[ — — ~ ~ — — — o - — — - — — —
ol Rl Rl Rl Il el Bl B b et I Il Rl I B B
L L L N B A L L T L I L A B A
A EEEE Iy B t58 2
N T w o 2 7] o N T w o 2 9] o
gt g z§ &< =" gzgi =°
[=4 [a) = [= [a) c
Figure 5-1. DRV8706S-Q1 RHB Package 32-Pin Figure 5-2. DRV8706H-Q1 RHB Package 32-Pin

VQFN Top View

VQFN Top View

DRV8706-Q1_RHB Package (VQFN) Pin Functions

PIN
G NAME NAME 110 TYPE DESCRIPTION
" | DRV8706S-Q1 | DRV8706H-Q1
1 GND 1/0 Ground |Device ground. Connect to system ground.
Device logic and digital output power supply input. Connect a 1.0-pF, 6.3-V
2 DVDD ! Power ceramic capacitor between the DVDD and GND pins.
nSCS . | Digital Serial ch.|p sglect. A logic low on thls pin enables serial interface
3 communication. Internal pullup resistor.
— GAIN | Analog | Amplifier gain setting. 4 level input pin set by an external resistor.
- Serial clock input. Serial data is shifted out and captured on the corresponding
SCLK — | Digital - . o )
4 rising and falling edge on this pin. Internal pulldown resistor.
— VDS | Analog | VDS monitor threshold setting. 6 level input pin set by an external resistor.
- Serial data input. Data is captured on the falling edge of the SCLK pin. Internal
SDI — | Digital .
5 pulldown resistor.
— IDRIVE | Analog |Gate driver output current setting. 6 level input pin set by an external resistor.
SDO . o Digital Serial data output. Data is shifted out on the rising edge of the SCLK pin.
6 Push-pull output.
— MODE | Analog |PWM input mode setting. 4 level input pin set by an external resistor.
IN1/EN | Digital Half-bridge control input. See PWM modes for details. Internal pulldown.
nHIZ1 | Digital Half-bridge control input. See PWM modes for details. Internal pulldown.
IN2/PH | Digital Half-bridge control input. See PWM modes for details. Internal pulldown.
10 nHIZ2 | Digital Half-bridge control input. See PWM modes for details. Internal pulldown.
1 nSLEEP | Digital Device enable pin. L(_)glc low to shutdown the device and enter sleep mode.
Internal pulldown resistor.
4 Submit Document Feedback Copyright © 2021 Texas Instruments Incorporated
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PIN
e NAME NAME 1/0 TYPE DESCRIPTION
" | DRV8706S-Q1 | DRV8706H-Q1

12 DRVOFF | Digital Dljlver shutdown pin. Logic high to pull down both high-side and low-side gate
driver output. Internal pulldown resistor.

13 nFAULT o Digital Fault |nd|§ator output. Th'|s pin is pulled logic Iovy to indicate a fault condition.
Open-drain output. Requires external pullup resistor.

14 SO (0] Analog | Shunt amplifier output.

15 RSVD — — Reserved. Connect to ground or leave disconnected.

16 AREF | Power External voltage reference and power supply for current sense amplifiers.
Connect a 0.1-pF, 6.3-V ceramic capacitor between the AREF and AGND pins.

17 AGND /0 Power |Device ground. Connect to system ground.

18 sp I Analog Shl_mt amplifier positive input. Connect to positive terminal of the current shunt
resistor.

19 SN Analog Shunt am_phfler negative input. Connect to negative terminal of the current
shunt resistor.
High-side gate driver output. Connect to the gate of the high-side power

20 GH1 O Analog MOSEET.

21 SH1 Analog High-side source sense input. Connect to the high-side power MOSFET
source.
Low-side gate driver output. Connect to the gate of the low-side power

22 GL1 (0] Analog MOSFET.

23 SL1 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.
24 SL2 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.

Low-side gate driver output. Connect to the gate of the low-side power

25 GL2 (0] Analog MOSFET.

26 SH2 Analog High-side source sense input. Connect to the high-side power MOSFET
source.
High-side gate driver output. Connect to the gate of the high-side power

27 GH2 O Analog MOSFET.
Bridge MOSFET drain voltage sense pin. Connect to common point of the

28 DRAIN Analog | oh side MOSFET drains.
Device driver power supply input. Connect to the bridge power supply. Connect

29 PVDD Power |a 0.1-uF, PVDD-rated ceramic capacitor and local bulk capacitance greater
than or equal to 10-pF between PVDD and GND pins.
Charge pump output. Connect a 1-yF, 16-V ceramic capacitor between the

30 Ve VO | Power |\cpand PVDD pins.
Charge pump switching node. Connect a 100-nF, PVDD-rated ceramic

31 CPH Vo Power capacitor between the CPH and CPL pins.
Charge pump switching node. Connect a 100-nF, PVDD-rated ceramic

32 CcPL Vo Power capacitor between the CPH and CPL pins.

Copyright © 2021 Texas Instruments Incorporated
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6 Specifications

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

MIN MAX| UNIT
Driver power supply pin voltage PVDD -0.3 40 \Y
MOSFET drain sense pin voltage DRAIN -0.3 40 V
Voltage difference between ground pins AGND, GND -0.3 0.3 V
Charge pump pin voltage VCP -0.3 55 \%
Charge pump high-side pin voltage CPH Vpypp — 0.3 Vycp + 0.3 \%
Charge pump low-side pin voltage CPL -0.3  Vpypp +0.3 \%
Digital power supply pin voltage DVDD -0.3 5.75 \%
DRVOFF, GAIN, IDRIVE, IN1/EN,
Logic pin voltage IN2/PH, MODE, nHIZx, nSLEEP, -0.3 5.75 \
nFAULT, nSCS, SCLK, SDI, VDS

Output logic pin voltage SDO -0.3  Vpypp +0.3 \Y
High-side gate drive pin voltage -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 -0.3 13.5
High-side sense pin voltage -2 40
Transient 1-ps high-side sense pin voltage SHx® -5 40 v
Low-side gate drive pin voltage -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 SLx -0.3 13.5
Low-side sense pin voltage SLx@ -2 2 v
Transient 1-us low-side sense pin voltage -3 3

Peak gate drive current GHx, GLx Infjmi?(!g In:_eimi?!g mA
Amplfier power supply and reference pin voltage AREF -0.3 5.75 V
Amplifier input pin voltage -2 Vycp + 0.3
Transient 1-us amplifier input pin voltage SN. 8P -5 Vycp + 0.3 v
Amplifier input differential voltage SN, SP -5.75 5.75 \Y
Amplifier output pin voltage SO -0.3  Vprer+0.3 \Y
Ambient temperature, T -40 125 °C
Junction temperature, T —40 150 °C
Storage temperature, Tgig -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.

(2) PVDD and DRAIN with respect to GHx, SHx, GLx, or SLx should not exceed 40-V. When PVDD or DRAIN are greater than 35-V,
negative voltage on GHx, SHx, GLx, and SLx should be limited to ensure this rating is not exceeded. When PVDD and DRAIN are less
than 35-V, the full negative voltage rating of GHx, SHx, GLx, and SLx is available.
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6.2 ESD Ratings
VALUE UNIT
Humansbo%/ moiel (HBM), per2AEC Q100-002(") +2000
Vieso, Eilsgrtlraorz,[:tic HBM ESD |laSSI ication Level _ . — v
Charged device model (CDM), per AEC Q100-011 orner pins *
CDM ESD Classification Level C4B Other pins +500
(1) AEC Q100-002 indicates that HBM stressing shall be in accordance with the ANSI/ESDA/JEDEC JS-001 specification.
6.3 Recommended Operating Conditions
over operating temperature range (unless otherwise noted)
MIN NOM MAX| UNIT
VpvbD Driver power supply voltage PVDD 4.9 37 \%
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 Digital power supply voltage DVDD 3 5.5 \Y
Vo Digital input voltage rI?SIYE?El;Fr:gg)/gNSCI)NLil PS"'D'I”H'ZX’ 0 55| Vv
Ibout Digital output current SDO 0 5 mA
Vop Open drain pullup voltage nFAULT 0 5.5 V
lop Open drain output current nFAULT 0 5 mA
VAREF Amopilfier reference supply voltage AREF 3 5.5 Vv
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
DRV8706-Q1
THERMAL METRIC(") RHB (VQFN) UNIT
32 PINS
Rgya Junction-to-ambient thermal resistance 34.9 °C/W
Reyc(top)  |Junction-to-case (top) thermal resistance 25.6 °C/W
Reus Junction-to-board thermal resistance 15.0 °C/W
Wr Junction-to-top characterization parameter 0.5 °C/W
Y Junction-to-board characterization parameter 15.0 °C/W
Rescpoty |Junction-to-case (bottom) thermal resistance 5.2 °C/W

M

report.

6.5 Electrical Characteristics
49V < Vpypp <37V, -40°C < T, < 150°C (unless otherwise noted). Typical limits apply for Vpypp = 13.5V and T; = 25°C.

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

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX| UNIT
POWER SUPPLIES (DRAIN, DVDD, PVDD, VCP)
IpvbDQ PVDD sleep mode current YE&ZDLI_VZRQ'S'ES 135V, nSLEEP =0V 2.25 3] pA
- J -
IDRAING DRAIN sleep mode current V_ZB’ZD'TVZRQ'S%C: 135V, nSLEEP =0V 2 2.75|  pA
<T,<
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4.9V = Vpypp £37V, -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
Vpevop, VDRAIN = 13.5V,nSLEEP =0V
Ibvbba DVDD sleep mode current _40<T,<85°C 2 3.5 MA
lpvDD PVDD active mode current Vevops Vprain = 13.5V, nSLEEP =5V 2 3 mA
. Vpevops Vorain = 13.5V, nSLEEP =5V,
IDRAIN DRAIN active mode current Vps vt =500 mV 250 325 MA
Iovbp DVDD active mode current Vpvop =5V, SDO =0V 3.5 5.5 mA
fovop Digital oscilator switching frequency Primary frequency of spread spectrum. 14.25 MHz
twaKE Turnon time nSLEEP =5V to active mode 1 ms
tsLeep Turnoff time nSLEEP =0V to sleep mode 1 ms
VPVDD =13 V, IVCP <15 mA 9.5 10.5 1"
Vpyvpp = 11V, lycp £ 15 mA 8.4 10 11
Charge pump regulator voltage with _
Vvep respect to PVDD Vevop =9V, lycp = 11 mA 7 8 9 V
Vevop =7 V, lycp £ 7.5 mA 5.5 6 7
VPVDD =55 V, |ch <5mA 4.5 5 55
fvcp Charge pump switching frequency Primary frequency of spread spectrum. 400 kHz
LOGIC-LEVEL INPUTS (DRVOFF, IN1/EN, IN2/PH, nHIZx, nSLEEP, nSCS, SCLK, SDI)
. DRVOFF, IN1/EN, IN2/PH, nHIZx, Vbvop X
Vi Input logic low voltage nSLEEP, SCLK. SDI 0 03 \Y
- DRVOFF, IN1/EN, IN2/PH, nHIZx, Vpvop X
Viy Input logic high voltage nSLEEP, SCLK, SDI 0.7 5.5 \Y
Vivs Input hysteresis VDVDB ;( \Y
Vpin = 0V, DRVOFF, IN1/EN, IN2/PH, _5 5
I Input logic low current nHIZx, nSLEEP, SCLK, SDI pA
Vpin =0V, nSCS 50 100
Vpin = 5V, DRVOFF, IN1/EN, IN2/PH, 50 100
m Input logic high current nHIZx, nSLEEP, SCLK, SDI pA
VDIN =5 V, VDVDD =5V, nSCS -5 5
. To GND, DRVOFF, IN1/EN, IN2/PH,
Rpp Input pulldown resistance nHIZx, nSLEEP, SCLK, SDI 50 100 150 kQ
Rpy Input pullup resistance To DVDD, nSCS 50 100 150 kQ
MULTI-LEVEL INPUTS (GAIN, IDRIVE, MODE, VDS)
X . GAIN, MODE Vpvop X
Van Quad-level input 1 Voltage to set level 1 0 0.1 v
. GAIN, MODE
Raiz Quad-level input 2 Resistance to GND to set level 2 44.65 47 49.35 kQ
. GAIN, MODE .
Rais Quad-level input 3 Resistance to GND to set level 3 500 Hi-2 kQ
N . GAlN, MODE VDVDD X
Vau Quad-level input 4 Voltage to set level 4 0.9 55V
Rarp Quad-level pulldown resistane GAIN, MODE, To GND 98 kQ
Rapru Quad-level pullup resistane GAIN, MODE, To DVDD 98 kQ
| . |DR|VE, VDS VDVDD X
Vsis Six-level input 1 Voltage to set level 1 0 0.1 v
. . IDRIVE, VDS
Rsiz Six-level input 2 Resistance to GND to set level 2 285 30 3151k
. . IDRIVE, VDS
Rsis Six-level input 3 Resistance to GND to set level 3 95 100 105 Kk
. . IDRIVE, VDS .
Rsta Six-level input 4 Resistance to GND to set level 4 500 Hi-2 kQ
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4.9V = Vpypp £37V, -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
Rsis Six-level input 5 lFE)ezli\s/tEHZE t?) DVDD to set level 5 58.9 62 6511 kQ
Rsis Six-level input 6 '\% 'ﬁ;\gi’tgzs’t ovel 6 VDVDglg 55V
Rspp Six-level pulldown resistane IDRIVE, VDS, To GND 98 kQ
Rspuy Six-level pullup resistane IDRIVE, VDS To DVDD 69 kQ
LOGIC-LEVEL OUTPUTS (nFAULT, SDO)
VoL Output logic low voltage Ibour =5 MA 0.5 \Y
VoH Output logic high voltage IpouT = -5 MA, SDO VDVDB_; \Y;
lopz Open-drain logic high current Vop =5V, nFAULT -10 10 pA
GATE DRIVERS (GHx, GLx)
Ve L GHx low level output voltage gﬁ‘)’(”,&;"ssa;smo"‘e’ ok = TMA, 0 0.25 \Y
Voix L GLx low level output voltage IoRvN_Ls = IsTRONG: laLx = TMA, 0 0.25 \Y,
- GLx to SLx
Vh H GHx high level output voltage '\?g‘gt—g%;;'*ow' lorx = TmA, 0 025 Vv
AT S U SV, Gl st T
Veix H GLx high level output voltage
- IprvpP_Ls = lHoLps laLx = 1TMA, Vpvpp - Vovon  Vevop Vv
4.9V Vpypp < 10.5 V, GLx to SLx 0.25
IDRVP = 0000b, Vgsy = 3 V, Vpypp 2 7 V 0.2 0.5 0.8
IDRVP = 0001b, Vs = 3 V, Vpypp 2 7 V 0.5 1 15
IDRVP = 0010b, Vgsy = 3 V, Vpypp 2 7 V 1.3 2 2.7
IDRVP = 0011b, Vggx = 3 V, Vpypp 2 7 V 2.1 3 3.9
IDRVP = 0100b, Vs =3 V, Vpypp 2 7 V 2.9 4 5.1
IDRVP = 0101b, Vs =3 V, Vpypp 2 7 V 4.5 6 75
IDRVP = 0110b, Vgsx = 3 V, Vpypp 2 7 V 6 8 10
o e ZETIE) giitsecurrent (source) IDRVP i 0111b, Vgsx =_ 3V, Veypp 27V 9 12 5
IDRVP = 1000b, Vgsx = 3V, Vpypp 2 7 V 12 16 20
IDRVP = 1001b, Vgsx = 3V, Vpypp 2 7 V 15 20 25
IDRVP = 1010b, Vs = 3 V, Vpypp 2 7 V 18 24 30
IDRVP = 1011b, Vggx = 3 V, Vpypp 2 7 V 21 28 35
IDRVP = 1100b, Vgex =3V, Vpypp 27V |  23.25 31 3875
IDRVP = 1101b, Vgsx = 3 V, Vpypp 2 7 V 26.5 40 50
IDRVP = 1110b, Vg = 3 V, Vpypp 2 7 V 28 48 60
IDRVP = 1111b, Vs = 3 V, Vpypp 2 7 V 30 62 77.5
IDRIVE level 1, Vgsy = 3 V, Vpypp 2 7 V 0.5 1 15
IDRIVE level 2, Vgsy = 3 V, Vpypp 2 7 V 2.9 4 5.1
N E?\?Vk r?:\t?c Zurrent (source) IDRIVE level 3, Vgsx = 3V, Vpypp 2 7 V 6 8 o
IDRIVE level 4, Vggy = 3 V, Vpypp 2 7 V 12 16 20
IDRIVE level 5, Vgsx = 3 V, Vpypp 2 7 V 23.25 31 3875
IDRIVE level 6, Vgsx = 3 V, Vpypp 2 7 V 30 62 77.5
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4.9V = Vpypp £37V, -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
IDRVN = 0000b, Vgsx =3V, Vpvpp 2 7 V 0.15 0.5 0.85
IDRVN = 0001b, Vgsx =3V, Vpvpp 2 7 V 0.35 1 1.65
IDRVN = 0010b, Vgsx =3V, Vpvpp 2 7 V 0.85 2 3.15
IDRVN = 0011b, Vgsx =3V, Vpypp 2 7 V 1.4 3 46
IDRVN = 0100b, Vgsx =3V, Vpvpp 2 7 V 2.1 4 5.9
IDRVN = 0101b, Vgsx =3V, Vpypp 2 7 V 35 6 8.5
IDRVN = 0110b, Vggx =3V, Vpypp 2 7 V 5 8 11

lopun op | PEEK GG cLTTENt (k) IDRVN = 0111b, Vggx =3V, Vpypp 2 7 V 8 12 16 A
’ SPI Device IDRVN = 1000b, Vgsy = 3V, Vpypp 2 7 V 1.5 16 20
IDRVN = 1001b, Vgsx =3 V, Vpvpp 2 7 V 14.7 20 25
IDRVN = 1010b, Vgsx =3 V, Vpvpp 2 7 V 18 24 30
IDRVN = 1011b, Vggx = 3V, Vpypp 2 7 V 21 28 35
IDRVN = 1100b, Vggx =3V, Vpypp 27V |  23.25 31 3875
IDRVN = 1101b, Vggx =3V, Vpypp 2 7 V 30 40 52
IDRVN = 1110b, Vgsx = 3 V, Vpypp 2 7 V 36 48 62
IDRVN = 1111b, Vggx = 3V, Vpypp 2 7 V 46.5 62 80
IDRIVE level 1, Vgsx =3 V, Vpypp 2 7 V 0.35 1 1.65
IDRIVE level 2, Vgsx =3V, Vpypp 2 7 V 2.1 4 5.9

o, gy | S3K gate current (sink) IDRIVE level 3, Vgsx =3 V, Vpypp 2 7 V 5 8 11 A
‘ H/W Device IDRIVE level 4, Vggy =3V, Vpypp 2 7 V 1.5 16 20
IDRIVE level 5, Vgsx = 3 V, Vpypp 2 7 V 23.25 31 3875
IDRIVE level 6, Vgsx =3 V, Vpypp 2 7 V 46.5 62 80

lHoLD Gate pullup hold current Vgsx =3V, Vpypp 27V 5 16 30 mA

Vesx =3V, Vpypp 27V,

05< IDRVP <12 mA 30 62 100 mA
IsTRONG Gate pulldown strong current
Vesx =3V, Vevop 27V, 45 128 205| mA
16 < Iprvp < 62 MA
_ o GLx to SLx, Vggx =3V 1.8 kQ
Rppsa Ls Low-side semi-active pulldown
- GLx to SLx, Vggx =1V 5 kQ
Rpp_Hs High-side passive pulldown resistor GHx to SHx 150 kQ
Rpp_Ls Low-side passive pulldown resistor GLx to SLx 150 kQ
Into SHx, SHx = DRAIN < 37 V
. GHx — SHx = 0V, nSLEEP = 0 V - 0 25 WA
IsHx Switch-node sense leakage current
Into SHx, SHx = DRAIN < 37 V _150 ~100 40 A
GHx — SHx =0V, nSLEEP =5V M
GATE DRIVER TIMINGS (GHx, GLx)
tror LS Low-side rising propagation delay Input to GLx rising 300 850 ns
troF LS Low-side falling propagation delay Input to GLx falling 300 600 ns
tPDR_Hs High-side rising propagation delay Input to GHx rising 300 600 ns
tPDF_Hs High-side falling propagation delay Input to GHXx falling 300 600 ns
" VGSx_LNGSx_H falling 10% to VGSX_H/
tbeAD Internal handshake dead-time Vesx L rising 10% 350 ns
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4.9V = Vpypp £37V, -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
VGS_TDEAD = 000b, Handshake only 0
VGS_TDEAD =001b 150 250 350
VGS_TDEAD = 010b 400 500 600
Insertable digital dead-time VGS_TDEAD = 011b 600 750 900
[DEAD D, SPI' | 5P| Device - ns
VGS_TDEAD = 100b 800 1000 1200
VGS_TDEAD = 101b 1600 2000 2400
VGS_TDEAD = 110b 3400 4000 4600
VGS_TDEAD = 111b 7200 8000 8800
Insertable digital dead-time
toeAD D, HW H/W Device Handshake only 0 ns
CURRENT SHUNT AMPLIFIERS (AREF, SN, SO, SP)
Vcom Common mode input range -2 Vevop ; \Y%
CSA_GAIN = 00b 9.9 10.15 10.4
Sense amplifier gain CSA_GAIN =01b 19.5 20 20.5
Gcsa sPl | gp) devi _ Vv
evice CSA_GAIN = 10b 39 40 41
CSA_GAIN = 11b 78 80 82
GAIN quad-level 1 9.9 10.15 10.4
Sense amplifier gain GAIN quad-level 2 19.5 20 20.5
Gesa W [ devi VIV
evice GAIN quad-level 3 39 40 41
GAIN quad-level 4 78 80 82
Vso_ STEP = 1.5V, GCSA =10 VIV 292
Cso =60 pF ’
VSO STEP = 1.5V, GCSA =20 VIV
= 2.2
CSO =60 pF
tseT Sense amplifier settling time to £1% us
Vso_ STEP = 15 V, GCSA =40 VIV 292
Cso =60 pF ’
Vso_ STEP = 15 V, GCSA =80 VNV 3
Cso =60 pF
CSA_BLK =000b, % of torIVE period 0
CSA_BLK =001b, % of torive period 25
CSA_BLK = 010b, % of tprjve period 375
¢ Sense amplifier output blanking time CSA_BLK = 011b, % of tpryve period 50 »
. 0
BLI SPI SPI Device CSA_BLK = 100b, % of tprive period 62.5
CSA_BLK = 101b, % of tprve period 75
CSA_BLK = 110b, % of tprjve period 87.5
CSA_BLK = 111b, % of tprjve period 100
t Sense amplifier output blanking time 0 ns
BLK, Hw H/W Device
tsLEw Output slew rate Cso = 60 pF 2.5 V/us
Output voltage bias Vspx = Vsnx = 0V, CSA_DIV = 0b Varer / 2
VBias, spI SPI Devi _ _ - v
evice Vspx = Vanx =0V, CSA_DIV = 1b Varer/ 8
Output voltage bias
VBias, HwW H/V\?Deviceg VaRer/ 2 \Y
VLINEAR Linear output voltage range Varer = 3.3V =5V 0.25 VAR(';FZE \Y
Vorr Input offset voltage Vgpx = Vanx =0V, Ty =25°C -1.5 1.5 mV
VorF b Input offset voltage drift Vgpyx = Vonxy =0V +10 25| uv/iC
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4.9V = Vpypp £37V, -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
Igias Input bias current Vspx = Vanx = 0V, into pin 100 MA
IsiAs_OFF Input bias current offset Ispx — lsnx -1 1 MA
IAREF AREF input current Vyrep =3.3V=5V 1 1.8 mA
DC,-40=<T;<125°C 72 90
CMRR Common mode rejection ratio DC,-40<T,;<150°C 69 90 dB
20kHz 80
PVDD to SOx, DC 100
PSRR Power supply rejection ratio PVDD to SOx, 20kHz 90 dB
PVDD to SOx, 400kHz 70
PROTECTION CIRCUITS
Vpvop rising 4.325 4.625 4.9
VpevbD uv PVDD undervoltage threshold \%
- Vpvpp falling 4.25 4.525 4.8
::VDD—UV—H PVDD undervoltage hysteresis Rising to falling threshold 100 mv
tpvbp_uv_pc | PVDD undervoltage deglitch time 8 10 12.75 us
Vpvpp rising, PYDD_OV_LVL = 0b 21 22.5 24
Vpvpp falling, PYDD_OV_LVL = 0b 20 21.5 23
VpvoD ov PVDD overvoltage threshold V
- Vpvop rising, PYDD_OV_LVL = 1b 27 28.5 30
Vpvop falling, PYDD_OV_LVL = 1b 26 27.5 29
:/SPVDD—OV—H PVDD overvoltage hysteresis Rising to falling threshold 1 Y,
PVDD_OV_DG = 00b 0.75 1 1.5
tpvDD ov DG | PVDD overvoltage deglitch time PVDD_OV_DG = 01b 15 2 25 us
- - PVDD_OV_DG = 10b 3.25 4 4.75
PVDD_OV_DG = 11b 7 8 9
DVDD falling 25 2.7 2.9
Vpvob_por | DVDD supply POR threshold DVDD rising 26 58 3 Vv
\H/YD;’DDJOK DVDD POR hysteresis Rising to falling threshold 100 mv
LDVDDJ’ORJ’ DVDD POR deglitch time 5 8 12.75| us
Vor oy, sp (S)g?ré:]:v?cuemp undervoltage threshold Vvcp - Vevbp, fallfng, VCP_UV =0b 2 2.5 v
Vvep - Vpvpp, falling, VCP_UV = 1b
Ver oy, Hw ﬁmr%i \;/)izr;p undervoltage threshold 2 25 3 Vv
tce uv pg | Charge pump undervoltage deglitch time 8 10 12.75 us
Ves cLp High-side driver Vgg protection clamp 12.5 15 17 \Y
Vs v Gate voltage monitor threshold VoriLx — Vst VGS_LVL = 0b 1 14 175 v
- VGHix — VshiLx VGS_LVL = 1b 0.8 1 1.2 \Y
tes FLT pe | Vs fault monitor deglitch time 1.5 2 2.75 us
tes Hs bc | Vas handshake monitor deglitch time 210 ns
VGS_TDRV = 00b 80 96 120
foRIvE, 5P \s/gf SZ?/i;/;S monitor blanking time VGS_TDRV = 01b 1.5 2 25 us
VGS_TDRYV = 10b 3.25 4 4.75
VGS_TDRV = 11b 75 8 9
tORIVE. MW \H/?vsvziljrfv?gges monitor blanking time 3.05 4 4.75 us
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4.9V = Vpypp £37V, -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
VDS_LVL = 0000b 0.04 0.06 0.08
VDS_LVL = 0001b 0.06 0.08 0.10
VDS_LVL = 0010b 0.08 0.10 0.12
VDS_LVL = 0011b 0.10 0.12 0.14
VDS_LVL = 0100b 0.12 0.14 0.16
VDS_LVL = 0101b 0.14 0.16 0.18
VDS_LVL =0110b 0.16 0.18 0.20
Vbs LVL spl Vbs overcurrent protection threshold VDS_LVL = 0111b 0.18 0.2 0.22 Vv
- SPI Device VDS_LVL = 1000b 0.27 0.3 0.33
VDS_LVL = 1001b 0.36 0.4 0.44
VDS_LVL = 1010b 0.45 0.5 0.55
VDS_LVL = 1011b 0.54 0.6 0.66
VDS_LVL = 1100b 0.63 0.7 0.77
VDS_LVL = 1101b 0.9 1 1.1
VDS_LVL = 1110b 1.26 1.4 1.54
VDS_LVL = 1111b 1.8 2 2.2
VDS six-level input 1 0.04 0.06 0.08
VDS six-level input 2 0.08 0.10 0.12
Vos UL 1w Vs overcurrent protection threshold VDS six-level input 3 0.18 0.2 0.22 v
- H/W Device VDS six-level input 4 0.45 0.5 0.55
VDS six-level input 5 0.9 1 1.1
VDS six-level input 6 Disabled
VDS_DG = 00b 0.75 1 1.5
tos b, spI Vbs overcurrent protection deglitch time |VDS_DG =01b 1.5 2 2.5 us
- SPI Device VDS_DG = 10b 3.25 4 475
VDS_DG = 11b 75 8 9
tos._0G, HW \A?\,svog:\r/(i::errent protection deglitch time 395 4 4.75 us
loLp Offline diagnostic current source Pull up current mA
Pull down current
VDS_LVL =14V, Vpypp <18V 22 50 kQ
Rop Offline open load resistance detection VDS_LVL =1.4V, Vpypp = 37V 22 100 kQ
threshold VDS_LVL =2V, Vpypp < 18 V 10 25| kQ
VDS_LVL =2V, Vpypp =37V 10 50 kQ
Totw Thermal warning temperature T, rising 130 150 170 °C
Thys Thermal warning hysteresis 20 °C
ToTsp Thermal shutdown temperature T, rising 150 170 190 °C
Thys Thermal shutdown hysteresis 20 °C
6.6 Timing Requirements
MIN NOM MAX| UNIT
tscLk SCLK minimum period 100 ns
tscLKH SCLK minimum high time 50 ns
tscLKL SCLK minimum low time 50 ns
tsu_soi SDI input data setup time 25 ns

Copyright © 2021 Texas Instruments Incorporated

Product Folder Links: DRV8706-Q1

Submit Document Feedback

13


https://www.ti.com
https://www.ti.com/product/DRV8706-Q1
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLLSFA7A&partnum=DRV8706-Q1
https://www.ti.com/product/drv8706-q1?qgpn=drv8706-q1

13 TEXAS

DRV8706-Q1 INSTRUMENTS
SLLSFA7A — JULY 2020 — REVISED APRIL 2021 www.ti.com
MIN NOM MAX| UNIT
ty_spi SDI input data hold time 25 ns
to spo SDO output data delay time, C, = 20 pF 30 ns
tsu_nscs nSCS input setup time 25 ns
tH_nscs nSCS input hold time 25 ns
thi_nscs nSCS minimum high time 450 ns
teEN_nscs Enable delay time, nSCS low to SDO active 50 ns
tois_nscs Disable delay time, nSCS high to SDO hi-Z 50 ns
6.7 Timing Diagrams
| tHinscs | tsu nscs tH nscs :

7

|
|
|
I I L L I
i | |
SDI X : XMSB | | >< ><LSB X X
l l
| : I'tsu_sol| t soi ! > :
| | ——! |
| | |
l l — |
] | ! 5 1 |
SDO Z | ><MSB K ><LSB | X z
| | | .« |
! 'tp_spo! > 'tois_nscs)
: ten_nscs :‘_" :
Figure 6-1. SPI Timing Diagram
6.8 Typical Characteristics
6
— Vpwp=5V — Vpran=5V
— Vpypp =135V — Vprain=13.5V
5 Vpypp =37 V s VpRrain =37 V
< <
= 2
§°
5 5
o
23 &
] ©
n »n
8 2 Z
= =
a o
1
0
40 -20 O 20 40 60 80 100 120 140 160 40 -20 O 20 40 60 80 100 120 140 160
Junction Temperature (°C) Junction Temperature (°C)
Figure 6-2. PVDD Sleep Current Figure 6-3. DRAIN Sleep Current
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— Vpypp=5V
1.3 — Vpypp =135V
_ 29 Vpvpp =37 V
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3 1.2 £
'S 1.1 / E 28
3 / 3
1 2.7
g / £
a 0o < 26 —— | —
a 8 g == —
= 0.8 > — |
) a
25
0.7
0.6 24
40 -20 O 20 40 60 80 100 120 140 160 40 -20 O 20 40 60 80 100 120 140 160
Junction Temperature (°C) Junction Temperature (°C)
Figure 6-4. DVDD Sleep Current Figure 6-5. PVDD Active Current
180 2.2
_— ¥DRAIN = ?3V5 v P
170 — VpRAIN = 13.
— VbRain =37 V z /
< 160 £ 215 —
g 150 § //
2 140 —— g 2
<Zi 130 — —— < /
oc 120 — Z 2.05
a
110 L —]
/
100 2
40 20 0 20 40 60 80 100 120 140 160 40 20 O 20 40 60 80 100 120 140 160
Junction Temperature (°C) Junction Temperature (°C)
Figure 6-6. DRAIN Active Current Figure 6-7. DVDD Active Current
70 70
65 65
60 60
55 — 1mA — 16 mA 55 — 1mA — 16 mA
50 — 4mA — 31 mA 50 — 4mA — 31 mA
Z 45 8 mA — 62 mA Z 45 8 mA — 62 mA
E 40 E 40
35 2 35
£ 30 — £ 30
2?25 2 25
20 20
15 15
10 10
5 5
0 0
40 -20 O 20 40 60 80 100 120 140 160 40 -20 O 20 40 60 80 100 120 140 160
Junction Temperature (°C) Junction Temperature (°C)
VPVDD =135V VPVDD =135V
Figure 6-8. High-Side Gate Driver Source Current Figure 6-9. High-Side Gate Driver Sink Current
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70
65
60
55 — 1mA — 16 mA
50 — 4 mA — 31 mA
45 8 mA —— 62 mA

40
35
30
25
20
15
10

5

0
40 20 0O 20 40 60 80 100 120 140 160
Junction Temperature (°C)

LS Iprvp (MA)

VPVDD =135V

Figure 6-10. Low-Side Gate Driver Source Current

60 — 1mA — 16 mA
55 — 4mA — 31 mA
50 8mA — 62 mA

LS Ipryn (MA)

40 20 0O 20 40 60 80 100 120 140 160
Junction Temperature (°C)

VPVDD =135V

Figure 6-11. Low-Side Gate Driver Sink Current
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7 Detailed Description
7.1 Overview

The DRV8706-Q1 is an integrated H-bridge smart gate driver for brushed DC motor applications. The device
provides two half-bridge gate drivers, capable of driving high-side and low-side N-channel power MOSFETSs.
The DRV8706-Q1 generates the proper gate drive voltages using an integrated doubler charge pump for the
high-side and a linear regulator for the low-side. The gate drivers support up to 62-mA source and 62-mA sink
peak gate drive current capability. The device supports a wide operating supply voltage range of 4.9-V to 37-V.

The DRV8706-Q1 is based on a smart gate drive architecture (SGD) to reduce system cost and improve
reliability. The SGD architecture optimizes dead time to avoid shoot-through conditions, provides flexibility in
decreasing electromagnetic interference (EMI) with MOSFET slew rate control through adjustable gate drive
current, and protects against drain to source and gate short circuits conditions with Vpg and Vgg monitors.
A strong pulldown circuit helps prevent dV/dt parasitic gate coupling. The external MOSFET slew control is
supported through adjustable output gate drivers. The gate driver peak source current can be configured
between 0.5-mA and 62-mA. The gate drivers peak sink current can be configured between 0.5-mA and 62-mA.

The DRV8706-Q1 can operate with either 3.3-V or 5-V external controllers (MCUs). A dedicated DVDD pins
allows for external power to the device digital core and the digital outputs to be referenced to the controller I/O
voltage. It communicates with the external controller through an SPI bus to manage configuration settings and
diagnostic feedback. The device also has an AREF pin which allows for the shunt amplifier reference voltage
to be connected to the reference voltage of the external controller ADC. The shunt amplifier outputs are also
clamped to the AREF pin voltage to protect the inputs of the controller from excessive voltage spikes.

The DRV8706-Q1 provides an array of diagnostic and protection features to monitor system status before
operation and protect against faults during system operation. These include under and overvoltage monitors for
the power supply and charge pump, Vpg overcurrent and Vgg gate fault monitors for the external MOSFETSs,
offline open load and short circuit detection, and internal thermal warning and shutdown protection. The current
shunt amplifier can be utilized to monitor load current of the system. The high common mode range of the
amplifier allows for either inline, high-side, or low-side based shunt resistor current sensing.
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7.2 Functional Block Diagram
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Figure 7-1. DRV8706S-Q1 Functional Block Diagram
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Figure 7-2. DRV8706H-Q1 Functional Block Diagram
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7.3 Feature Description
7.3.1 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 0.1-uF, low ESR ceramic capacitor, PVDD-rated.
Covbpa PVDD GND Local bulk capaciLaFrjcl,‘DeVgljjresz:ztretg.an or equal to 10-
Covop (M DVDD GND 1.0-pF, 6.3-V, low ESR ceramic capacitor
Carer (M AREF GND 0.1-uF, 6.3-V, low ESR ceramic capacitor
Cvcp VCP PVDD 1-uF 16-V, low ESR ceramic capacitor
CrLy CPH CPL 0.1-yF, PVDD-rated, low ESR ceramic capacitor
RiFAULT vce® nFAULT Pullup resistor, Iop < 5-mA

(1)  Alocal bypass capacitor is recommended to reduce noise on the external low voltage power
supply. If another bypass capacitor is within close proximity of the device for the external low
voltage power supply and noise on the power supply is minimal, it is optional to remove this
component.

(2) VCC is not a pin on the device, but the external low voltage power supply.

7.3.2 Device Interface Variants

The DRV8706-Q1 family of devices support two different interface modes (SPI and hardware) to allow the end
application to design for either flexibility or simplicity. The two interface modes share the same four pins, allowing
the different versions to be pin to pin compatible. This allows for application designers to evaluate with one
interface version and potentially switch to another with minimal modifications to their design.

7.3.2.1 Serial Peripheral Interface (SPI)

The SPI device variant supports a serial communication bus that allows for an external controller to send and
receive data with the DRV8706-Q1. This allows for the external controller to configure device settings and read
detailed fault information. The interface is a four wire interface utilizing the SCLK, SDI, SDO, and nSCS pins.

* The nSCS pin is the chip select input. A logic low signal on this pin enables SPI communication.

» The SCLK pin is an input which accepts a clock signal to determine when data is captured and propagated
on SDI and SDO.

* The SDI pin is the data input

» The SDO pin is the data output. The SDO pin uses a push-pull output structure referenced to the DVDD
input.

For more information on the SPI, see the SPI Interface section
7.3.2.2 Hardware (H/W)

Hardware interface devices convert the four SPI pins into four resistor configurable inputs, GAIN, VDS, IDRIVE,
and MODE. This allows for the application designer to configure the most commonly used device settings by
tying the pin logic high or logic low, or with a simple pullup or pulldown resistor. This removes the requirement for
an SPI bus from the external controller. General fault information can still be obtained through the nFAULT pin.

The hardware interface settings are latched on power up of the device. They can reconfigured by putting the
device in sleep mode with the nSLEEP pin, changing the setting, and reenabling the device through nSLEEP.

* The GAIN pin configures the current shunt amplifier gain

« The VDS pin configures the voltage threshold of the Vpg overcurrent monitors.
» The IDRIVE pin configures the gate drive current strength.

* The MODE pin configures the PWM input control mode.

For more information on the hardware interface, see the Pin Diagrams section.
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7.3.3 Input PWM Modes

The DRV8706-Q1 has multiple input PWM modes to support different control schemes and output load
configurations. The gate driver outputs can be controlled through the IN1/EN, IN2/PH, and nHIZx input pins.
The outputs can also be controlled through the S_IN1/EN, S_IN2/PH, and S_nHIZx register settings on SPI
device variants. The PWM mode is set through the SPI register setting BRG_MODE on SPI device variants
and the MODE pin on H/W device variants. The modes are listed below with additional details describing their
functions.

Table 7-2. Input PWM Modes

PWM Mode SPI Interface (BRG_MODE) H/W Interface (Mode Pin)
Section 7.3.3.1 00b Level 1
01b (PH/EN) Level 2 (PH/EN)
Section 7.3.3.2
10b (PWM) Level 3 (PWM)
Section 7.3.3.3 11b Level 4

7.3.3.1 Half-Bridge Control

In half-bridge control, each half-bridge gate driver can be individually controlled through the corresponding
IN1/EN, IN2/PH, and nHIZx input pins. The nHIZx signals have priority over the IN1/EN and IN2/PH signals.
For half-bridge control, you can refer to the INx designator. The DRV8706-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 DRV8706-Q1 provides the ability to independently Hi-Z each half-bridge gate driver through the nHIZx pins.
The nHIZx pins should be tied to DVDD if this function is not required.

On SPI device variants, the IN1/EN, IN2/PH, HIZ1, and HIZ2 signals can also be controlled through the SPI
registers. The IN1/EN and IN2/PH SPI control can be enabled through the IN1/EN_MODE and IN2/PH_MODE
register settings. The signals are controlled through S_IN1/EN and S_IN2/PH register settings. The HIZ1 signal
is the logic OR of the nHIZ1 pin and S_HIZ1 register setting. The HIZ2 signal is the logic OR of the nHIZ2 pin
and S_HIZ2 register setting.

Table 7-3. Half-Bridge Control (BRG_MODE = 00b or MODE = Level 1)

nHIZx INx GHx GLx SHx
0 X L L Z
1 0 L H L
1 1 H L H
JUUUUUL —™] eaicorre
_,7 nHIZx

Figure 7-3. Half-Bridge Control

7.3.3.2 H-Bridge Control

In H-bridge control, both half-bridge gate drivers can be controlled as an H-bridge gate driver through the IN1/EN
and IN2/PH input pins.

The H-bridge mode has two input control schemes that can be configured through the SPI BRG_MODE register
setting or H/W MODE pin. 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.
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In both the PH/EN and PWM modes the default active freewheeling mode is active low-side. SPI device variants
provides the ability to configure the freewheeling state through the BRG_FW register setting. This setting can be
utilized to modify the bridge between low-side or high-side active freewheeling.

In the H-Bridge control modes, the nHIZx pins and S_HIZx register functions are disabled. The nHIZx pins can
be left disconnected or tied to GND. The H-bridge can be set to the Hi-Z state through the PWM control mode,
DRVOFF pin, or the EN_DRYV register setting on SPI devices.

Table 7-4. PH/EN H-Bridge Control (BRG_MODE = 01b or MODE = Level 2)

IN1/EN IN2/PH | BRG_FW GH1 GL1 GH2 L2 SH1 SH2 DESCRIPTION
0 X Ob L H L H L L Low-Side Active Freewheel
0 X 1b H L H L H H High-Side Active Freewheel
1 0 X L H H L L H Drive SH2 — SH1 (Reverse)
1 1 X H L L H H L Drive SH1 — SH2 (Forward)

IN1/EN H-Bridge
MCU PWM PH/EN
Control

MCU GPIO IN2/PH

Figure 7-4. H-Bridge PH/EN Control

Table 7-5. PWM H-Bridge Control (BRG_MODE = 10b or MODE = Level 3)

IN1/EN IN2/PH | BRG_FW GH1 GL1 GH2 GL2 SH1 SH2 DESCRIPTION
0 0 X L L L L VA VA Diode Freewheel (Coast)
0 1 X L H H L L H Drive SH2 — SH1 (Reverse)
1 0 X H L L H H L Drive SH1 — SH2 (Forward)
1 1 Ob L H L H L L Low-Side Active Freewheel
1 1 1b H L H L H H High-Side Active Freewheel

IN1/EN H-Bridge
mou Pwm| [T PWM Mode
Control
MCU PWM —| I—I I—I I—I I—I I—I I— IN2/PH

Figure 7-5. H-Bridge PWM Control

7.3.3.3 Split HS and LS Solenoid Control

In split HS and LS solenoid control mode, only the GH1 and GL2 gate driver outputs are active. The GH1
output is controlled through IN1/EN and the GL2 output is controlled through IN2/PH. This mode allows for the
H-bridge to be configured to drive a floating solenoid load between the opposite high-side and low-side external
MOSFETSs.

In the split HS and LS control mode, the nHIZx pins and S_HIZx register functions are disabled. The nHIZx pins
can be left disconnected or tied to GND. The H-bridge can be set to the Hi-Z state through the DRVOFF pin or
the EN_DRYV register setting on SPI devices.

Table 7-6. Split HS and LS Control (BRG_MODE = 11b or MODE = Level 4)

IN1/EN IN2/PH GH1 GL1 GH2 GL2 DESCRIPTION
0 X L Inactive Inactive X Solenoid Disabled
1 X H Inactive Inactive X Solenoid Enabled
X 0 X Inactive Inactive L Solenoid PWM Off
X 1 X Inactive Inactive H Solenoid PWM On
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Figure 7-6. Split HS and LS PWM Control

GL2

7.3.4 Smart Gate Driver

The DRV8706-Q1 provides an advanced, adjustable floating smart gate driver architecture to provide advanced
MOSFET control and robust switching performance. The DRV8706-Q1 provides 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.

Smart Gate Driver Core Functions:

* Gate Driver Functional Block Diagram
+ Slew Rate Control (IDRIVE)
* Gate Drive State Machine (TDRIVE)

Table 7-7. 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 or IDRIVE pin.
| Programmable gate drive sink current for adjustable MOSFET slew rate control. Configured with
DRVN the IDRVN_x control register or IDRIVE pin.
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_x control register.
tpp Propagation delay from logic control signal to gate driver output change.

Body diode conduction period between high-side and low-side switch transition. Configured with

toEAD the TDEAD_x control register.

7.3.4.1 Functional Block Diagram

Figure 7-7 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 and Vgs feedback comparators, a high-side Zener clamp, plus passive and active pulldown
resistors.
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Figure 7-7. Gate Driver Functional Block Diagram

7.3.4.2 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.

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 DRV8706-Q1 to dynamically change the gate driver current setting through the IDRVP_x and
IDRVN_x SPI registers or IDRIVE pin on H/W interface devices. The device provides 16 settings between the
0.5-mA and 62-mA range for the source and sink currents as shown in Table 7-8. 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 (I 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.
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Table 7-8. IDRIVE Source (Ipryp) and Sink (Ipryn)

Current
IDRVP_x / IDRVN_x Source / Sink Current (mA)
0000b 0.5
0001b 1
0010b 2
0011b 3
0100b 4
0101b 6
0110b 8
0111b 12
1000b 16
1001b 20
1010b 24
1011b 28
1100b 31
1101b 40
1110b 48
1111b 62

7.3.4.3 Gate Drive 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 DRV8706-Q1 uses Vgg monitors to implement a break and then
make dead time scheme by measuring the external MOSFET Vgg voltage to determine when to properly enable
the external MOSFETs. This scheme allows the gate driver to adjust the dead time for variations in the system
such as temperature drift, aging, voltage fluctuations, and variation in the external MOSFET parameters. An
additional fixed digital dead time (tpeap p) can be inserted if desired and is adjustable through the SPI registers.

The second component focuses on preventing parasitic dV/dt gate charge coupling. This is implemented
by enabling a strong gate current pulldown (Istrong) Whenever the opposite MOSFET in the half-bridge is
switching. 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 tpryg 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 tprjve time should be selected that is longer than the time
required to charge or discharge the MOSFET gate. The tpr)ve time does not impact the PWM minimum duration
and will terminate early if another PWM command is received.
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Figure 7-8. TDRIVE State Machine

7.3.5 Doubler (Single-Stage) Charge Pump

The high-side gate drive voltage for the external MOSFET is generated using a doubler charge pump that
operates from the PVDD voltage supply input. The charge pump allows the high-side gate drivers to properly
bias the external N-channel MOSFET with respect to its source voltage across a wide input supply voltage
range. The charge pump output is regulated to maintain a fixed voltage respect to Vpypp and supports an
average output current capability of 15-mA. The charge pump is continuously monitored for an undervoltage
event to prevent under driven MOSFET conditions.

Since the charge pump is regulated to the PVDD pin voltage the device is not designed to support significant
voltage differences between the PVDD and DRAIN pins and these should be limited.

The charge pumps requires a low ESR, 1-uF, 16-V ceramic capacitor (X5R or X7R recommended) between
the PVDD and VCP pins to act as the storage capacitor. Additionally, a low ESR, 100-nF, PVDD-rated ceramic
capacitor (X5R or X7R recommended) is required between the CPH and CPL pins to act as the flying capacitor.
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Figure 7-9. Charge Pump Architecture

7.3.6 Wide Common Mode Differential Current Shunt Amplifier

The DRV8706-Q1 integrates a high-performance, wide common-mode, bidirectional, current-shunt amplifier for
current measurements using a shunt resistor in the external half-bridge. 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 sample and hold switch, and a dedicated voltage reference pin (AREF)
to set a mid point bias voltage for the amplifier output. A simplified block diagram is shown in Figure 7-10. 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 amplifier is not utilized, the AREF, SN, SP inputs can be tied to AGND, AGND to PCB
GND and the SO output left floating.

1 1 ‘san

I:{GAIN

<

RSHUNT

Figure 7-10. Amplifier Simplified Block Diagram

A detailed block diagram is shown in Figure 7-11. 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.
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The amplifier can also generate an output voltage bias through the AREF pin. The AREF pin goes to a divider
network, a buffer, and then sets the output voltage bias for the differential amplifier. On SPI device variants, the
gain is configured through the register setting CSA_GAIN and the reference division ratio through CSA_DIV. On
H/W device variants, the reference division ratio is fixed to Varer / 2. The gain is configured through the GAIN

pin.

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 AN\ SPx
Switch 10kQ 22m—[]<—
sox L ~% - AN -
— ] O It | < Rshunr
+ AN L+ SNx
10kQ 200kQ L Je—
Rean = 50kQ, 100kQ, AN
200kQ), 400kQ 400 kQ v

§ARGAIN

AREF[]

+

Rrer2
Output Reference Buffer

% Varer / 2, Varer / 8

AGND
J -

-
L

L

Figure 7-11. Amplifier Detailed Block Diagram

Lastly, the amplifier has an output blanking or sample and hold switch. This option is only available on SPI
device variants. The output switch can be used to disconnect the amplifier output during PWM switching to
reduce output noise (blanking) or during motor braking to maintain the output value if the shunt is used in
high-side or low-side configuration (sample and hold). The blanking circuit can be set trigger on the active
half-bridge (half-bridge 1 or half-bridge 2) through the CSA_BLK_SEL register setting. The blanking period can
be configured through the CSA_BLK register setting. The sample and hold circuit can be enabled with the
CSA_SH_EN register setting. When active, the sample and hold will trigger whenever the driver enters high-side
or low-side braking. To utilize either the blanking or sample and hold functions and output hold up capacitor
will be required to stabilize the amplifier output when it is disconnected. Typically it is recommended, that this
capacitor be after a series resistor in a RC filter configuration to limit direct capacitance seen directly at the
amplifier output.
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Figure 7-12. DRV8706-Q1 Amplifier Blanking Example

Figure 7-12 shows an example of the amplifier blanking function. This function can be utilized to hi-Z the
amplifier output during a switching transition, but is not required by default. This function can be beneficial if
noise due to wide-common mode swings or ground shifts are occurring during the PWM switching transition
and interfering with the amplifier output. As shown in the image, the blanking function operates by disabling the
amplifier output for a period of time after a transition on either GHx or GLx. This period of time is determined by
the tg i setting configured through the CSA_BLK register setting.

Yew L1
| |
Vesr |\ ]
Veste_ | ] .
| |
|
/\/
loor | [
ts&H ) tS&H |
_____ | |
| |/
Voo JI_ _________________ I

Figure 7-13. DRV8706-Q1 Amplifier Sample & Hold Example

Figure 7-13 show an example of the amplifier sample and hold function. This function can be utilized to hi-Z the
amplifier output when the current is recirculating in the H-bridge, but is not required by default. The function can
be beneficial if the shunt resistor is configured into the low-side or the high-side of the H-bridge in which during
current recirculation the current information is lost. As shown in the image, the sample and hold function will
hold the previous state of the amplifier output since the output capacitor will remain charged. The amplifier will
resume operation when the H-bridge leaves the recirculation state.

7.3.7 Pin Diagrams

This section presents the /O structure of all the digital input and output pins.
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7.3.7.1 Logic Level Input Pin (DRVOFF, IN1/EN, IN2/PH, nHIZx, nSLEEP, nSCS, SCLK, SDI)

DVDD

Reo

Figure 7-14. Input Pin Structure

DVDD

DVDD
Rey

Figure 7-15. Input Pin Structure (nSCS)

7.3.7.2 Logic Level Push Pull Output (SDO)

DVDD

Figure 7-16. Push Pull Output Structure (SDO)

7.3.7.3 Logic Level Open Drain Output (nFAULT)

DVDD

Rpu

Figure 7-17. Open Drain Output Structure (nFAULT)
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7.3.7.4 Quad-Level Input (GAIN)

DVDD DVDD +
O—r{—

Reu Raru
>+

p

O—r{—

Reo Rarp
>+
e e = O —

Figure 7-18. Quad-Level Input Structure (GAIN, MODE)

7.3.7.5 Six-Level Input (IDRIVE, VDS)

A 4

A 4

A
O —
DVDD DVDD >+
O —

Rpy Rspu
>+

1

O —

Reo Rspp
>+
e e = O —

>—>

Figure 7-19. Six-Level Input Structure (IDRIVE, VDS)

7.3.8 Protection and Diagnostics
7.3.8.1 Gate Driver Disable and Enable (DRVOFF and EN_DRYV)

The DRV8706-Q1 provides a dedicated driver disable with the DRVOFF pin. When DRVOFF is asserted, it will
enable the gate driver pull downs regardless of the pin or SPI inputs.

On SPI device variants, the EN_DRV function is provide for a controlled power up sequence. After device
power up the gate drivers remain disabled until the EN_DRYV register bit is asserted. This allows for the system
to power up and conduct configuration sequences before the gate drivers are enabled. On H/W devices, this
functionality is not provided and the driver will automatically enable after power up.

7.3.8.2 Fault Reset (CLR_FLT)

The DRV8706-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. The function is only available on SPI device variants. On H/W device variants, all faults will
automatically recover once the condition is removed.

7.3.8.3 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
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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.

7.3.8.4 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
tevop Uv DG time, the DRV8706-Q1 detects a PVDD undervoltage condition. After detecting the undervoltage
condition, the gate driver pull downs are enabled, charge pump disabled and nFAULT pin, FAULT register bit,
and PVDD_UV register bit asserted.

On SPI device variants, 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 nFAULT pin and FAULT
register bit are automatically cleared and the charge pump automatically reenabled. The PVDD_UV register
bit remains latched until CLR_FLT is issued.

On H/W device variants, the PVDD undervoltage monitor is fixed to automatic recovery mode.
7.3.8.5 PVDD Supply Overvoltage Monitor (PVDD_OV)

If the power supply voltage on the PVDD pin exceeds the Vpypp oy threshold for longer than the
tevoD Ov DG time, the DRV8706-Q1 detects a PVDD overvoltage condition and action is taken according to
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.

On SPI device variants, the PVDD overvoltage monitor can respond and recover in four different modes set

through the PVYDD_OV_MODE register setting.

» Latched Fault Mode: After detecting the overvoltage condition, the gate driver pull downs are enabled
and nFAULT pin, FAULT register bit, and PVDD_QV register bit 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 nFAULT pin, FAULT register bit, and PVYDD_QV register bit asserted. After the overvoltage
condition is removed, the nFAULT pin and FAULT register bit are 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.

On H/W device variants, the PVDD overvoltage monitor is disabled.
7.3.8.6 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 uv b
time, the DRV8706-Q1 detects a VCP undervoltage condition. After detecting the undervoltage condition, the
gate driver pull downs are enabled and nFAULT pin, FAULT register bit, and VCP_UV register bit asserted. The
undervoltage threshold can be adjusted through the VCP_UV_LVL register setting.

On SPI device variants, 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 nFAULT pin and FAULT
register bit are automatically cleared and the driver automatically reenabled. The VCP_UV register bit
remains latched until CLR_FLT is issued.

On H/W device variants, the VCP undervoltage monitor is fixed to automatic recovery mode and the threshold to
2-V.
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7.3.8.7 MOSFET Vpg Overcurrent Protection (VDS_OCP)

If the voltage across the Vpg overcurrent comparator exceeds the Vpg . for longer than the tpg pg time, the
DRV8706-Q1 detects a Vpg overcurrent condition. The voltage threshold and deglitch time can be adjusted
through the VDS_LVL and VDS _DG register settings. Additionally, in independent half-bridge and split HS/LS
PWM control (BRG_MODE = 00b, 11b) the device can be configured to disable all half-bridges or only the
associated half-bridge in which the fault occurred through the VDS_IND register setting.

On SPI device variants, 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
nFAULT pin, FAULT register bit, and associated VDS register bit 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
nFAULT pin, FAULT register bit, and associated VDS register bit asserted. The next PWM input will clear the
nFAULT pin and FAULT register bit and reenable the driver automatically. The associated VDS 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 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.

On H/W device variants, the Vpg overcurrent mode is fixed to cycle by cycle and typs pg is fixed to 4 ps.
Independent half-bridge shutdown is automatically enabled for the independent half-bridge and split HS/LS PWM
control modes. Additionally, the Vpg overcurrent protection can be disabled through level 6 of the VDS pin
multi-level input.

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 on SPI devices. On
hardware devices, this setting is automatically matched to the programmed Ipryn current.

7.3.8.8 Gate Driver Fault (VGS_GDF)

If the Vgg voltage does not cross the the Vg . comparator level for longer than the tpre time, the DRV8706-
Q1 detects a Vgg gate fault condition. Additionally, in independent half-bridge and split HS/LS PWM control
(BRG_MODE = 00b, 11b) the device can be configured to disable all half-bridges or only the associated
half-bridge in which the gate fault occurred through the VGS_IND register setting.

On SPI device variants, the Vgg 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
nFAULT pin, 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
nFAULT pin, FAULT register bit, and associated VGS register bit asserted. The next PWM input will clear the
nFAULT pin and FAULT register bit and reenable the driver automatically. The associated VGS register bit will
remain asserted until CLR_FLT is issued.

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

+ Disabled Mode: The Vg gate fault monitors are disabled and will not respond or report.

On H/W device variants, the Vgg gate fault mode is fixed to cycle by cycle and tprye is fixed to 4 ps.
Independent half-bridge shutdown is automatically enabled for the independent half-bridge and split HS/LS
PWM control modes. Additionally, the Vgg gate fault protection can be disabled through level 6 of the VDS pin
multi-level input.
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7.3.8.9 Thermal Warning (OTW)

If the die temperature exceeds the Torw thermal warning threshold the DRV8706-Q1 detects an
overtemperature warning and asserts the WARN and OTW register bits. After the overtemperature condition
is removed the WARN and OTW register bits remain asserted until CLR_FLT is issued.

On H/W device variants, the overtemperature warning is not detected or reported.
7.3.8.10 Thermal Shutdown (OTSD)

If the die temperature exceeds the Tgrgp thermal shutdown threshold the DRV8706-Q1 detects an
overtemperature fault. After detecting the overtemperature fault, the gate driver pull downs are enabled,
the charge pump disabled and nFAULT pin, FAULT register bit, and OTSD register bit asserted. After the
overtemperature condition is removed the fault state remains latched until CLR_FLT is issued.

On H/W device variants, after the overtemperature condition is removed, the nFAULT pin is automatically
cleared and the driver and charge pump automatically reenabled.

7.3.8.11 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 registers bits in the OLSC_CTRL register. First, the offline diagnostic mode needs to be enabled
through the OLSC_EN register setting. Then the individual current sources can be enabled through the PD_SHx
and PU_SHx register settings.

The voltage on the SHx pin will be continuously monitored through the internal Vpg 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 register status bit.

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

On H/W device variants, this feature is not available.

To properly conduct the offline diagnostic sequence the following steps should be followed.
» Set EN_DRYV control register to Ob to disable the output drivers.

» Set OLSC_EN control register to 1b to enable the offline diagnostics.

* Enable the PD_SHx and PU_SHXx control registers accordingly.

* Read back the VDS_x status registers to determine output status.

» Disable the PD_SHx and PD_SHx control registers.

» Set OLSC_EN control register to 0b to disable the offline diagnostics.

» Set EN_DRYV control register to 1b to enable the output drivers again.
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Figure 7-20. Offline Diagnostics

Copyright © 2021 Texas Instruments Incorporated

Product Folder Links: DRV8706-Q1

Submit Document Feedback

35


https://www.ti.com
https://www.ti.com/product/DRV8706-Q1
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLLSFA7A&partnum=DRV8706-Q1
https://www.ti.com/product/drv8706-q1?qgpn=drv8706-q1

DRV8706-Q1

SLLSFA7A — JULY 2020 — REVISED APRIL 2021

13 TEXAS
INSTRUMENTS

www.ti.com

7.3.8.12 Fault Detection and Response Summary Table

Table 7-9. Fault Detection and Response Summary

DIGITAL CHARGE GATE CURRENT
NAME CONDITION SPI BIT MODE CORE PUMP DRIVERS SENSE RESPONSE
Disable Driver DR\A%EF = n/a n/a Active Active Pull Down Active n/a
DVDD Power- | DVDD < POR na Reset Disabled | SSTACIVE | pbicabled SPI
on-Reset VDVDD_POR Pull Down
Latched Active Disabled | SSMACUVe | picabled | nFAULT, SPI
PVDD PVDD < uv, Pull Down
Undervoltage V PVDD_UV i-Acti
9 PVDD_LY - Automatic Active Disabled | SSTACUVE | phicabled | nFAULT, SPI
Pull Down
ov, . . .
PVDD OV Latched Active Active Pull Down Active nFAULT, SPI
ov, . . . .
PVDD PVDD > PVDD OV Automatic Active Active Pull Down Active nFAULT, SPI
Overvoltage Vevbp_uv o =
PVDI:\)/ ’ oV Warning Active Active Active Active WARN, SPI
n/a Disabled Active Active Active Active n/a
Latched Active Disabled S:J’I‘I"E/;‘;;',"’f Disabled | nFAULT, SPI
Und:rf/:(:tage VVCP ) UV, veP_UV i-Acti
VePv Automatic Active Active Semi-Active |y ohled | nFAULT, SPI
Pull Down
Latched Active Active 'F‘,’BI'T‘-I'D%F;‘V’:: Active nFAULT, SPI
VDS VDS > DS_GS, Cycle Active Active vbs_IDRvN Active | nFAULT, SPI
Overcurrent Vyps_Lvi VDS_X Pull Down
Warning Active Active Active Active WARN, SPI
Disabled Active Active Active Active n/a
Latched Active Active Pull Down Active nFAULT, SPI
VGS Gate VGS > DS GS, Cycle Active Active Pull Down Active nFAULT, SPI
Fault Vves_ L VGS_X Warning Active Active Active Active WARN, SPI
Disabled Active Active Active Active n/a
J\?aer:ir:igl Ty>Totw OT, OTW Automatic Active Active Active Active WARN, SPI
Thermal . . Semi-Active .
Shutdown T,>Totsp OT, OTSD Latched Active Disabled Pull Down Disabled nFAULT, SPI
Oﬁ“l’jsaape” n/a VDS_X MCU Active Active Pull Down Active SPI
Oﬁ“cr}fcfi?m n/a VDS_X MCU Active Active Pull Down Active SPI
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7.4 Device Function Modes
7.4.1 Inactive or Sleep State

When the nSLEEP pin is logic low or the DVDD power supply is below the Vpypp por threshold, the device
enters a low power sleep state to reduce device quiescent current draw by the device. In this state, all major
functional blocks are disabled aside from a low power monitor on the nSLEEP pin. Passive gate pull downs are
provided for the external MOSFET gates to maintain the MOSFETs in an off state.

7.4.2 Standby State

When the nSLEEP pin is logic high and DVDD input has crossed the Vpypp por threshold, the device enters a
power on standby state after tyaxe delay. The digital core and SPI communication will be active but the charge
pump and gate drivers will remain disabled until the PVDD input has cross the Vpypp yy threshold. In this state,
the SPI registers can be programmed and faults reported, but no gate driver operation is possible.

7.4.3 Operating State

When the nSLEEP pin is logic high, the DVDD input has crossed the Vpypp por threshold, and the PVDD input
has crossed the Vpypp uv threshold, the devices enters its full operating state. In this state, all major functional
blocks are active aside from the gate drivers. The gate drivers must be enabled through the EN_DRYV register bit
before full operation can begin.

On H/W device variants, the device will automatically enable the drivers in the operating state.

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 DRV8706-Q1 device. The SPI operates in slave mode and connects to a master controller. The SPI input
data (SDI) word consists of a 16 bit word, with an 8 bit command and 8 bits of data. The SPI output data (SDO)
word consists of the fault status indication bits and then the register data being accessed for read commands or
null for write commands. The data sequence between the MCU and the SPI slave driver is shown in Figure 7-21.

nSCS

Al D1
SDI
SDO

S R1

Figure 7-21. 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.

* 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 16 SCLK cycles must occur for transaction to be valid.

» If the data word sent to the SDI pin is less than or more than 16 bits, a frame error occurs and the data word
is ignored.
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7.5.2 SPI Format

The SDI input data word is 16 bits long and consists of the following format:

* 1 read or write bit, W (bit B14)
* 6 address bits, A (bits B13 through B8)
» 8 data bits, D (bits B7 through BO)

The SDO output data word is 16 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 8 null
bits.

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.

Table 7-10. SDI Input Data Word Format
R/W Address Data
Bit | B15 | B14 | B13 | B12 | B11 | B10 | B9 B8 B7 B6 B5 B4 B3 B2 B1 BO
Data 0 W0 A5 A4 A3 A2 A1 A0 D7 D6 D5 D4 D3 D2 D1 DO

Table 7-11. SDO Output Data Word Format

IC Status Report
Bit B15 B14 B13 B12 B11 B10 B9 B8 B7 B6 B5 B4 B3 B2 B1 BO
Data 1 1 FAULT | WARN DSS—G uv oV oT D7 D6 D5 D4 D3 D2 D1 DO

7.5.3 SPI Interface for Multiple Slaves

Multiple DRV8706-Q1 devices can be connected to the master controller with and without the daisy chain. For
connecting a 'n' number of DRV8706-Q1 to a master controller without using a daisy chain, 'n' number of 1/0O
resources from master controller has to utilized for nSCS pins as shown in Figure 7-22. Whereas, if the daisy
chain configuration is used, then a single nSCS line can be used for connecting multiple DRV8706-Q1 devices.
Figure 7-23

DRV8x

Master Controller
SPI
Communication
Cs

DRV8x

Master Controller
SPI
Communication

MCLKVEI%‘ Ll—‘ MCLK
SPI MO SPI MO
Communication WL ’L DRVEx Communication = ’L DRV8X
o[ 1SCLK o[ 1SCLK
SPI SOl SPI
Communication SDO Communication
nSCS
Figure 7-22. SPI1 Operation Without Daisy Chain Figure 7-23. SPI Operation With Daisy Chain
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7.5.3.1 SPI Interface for Multiple Slaves in Daisy Chain

The DRV8706-Q1 device can be connected in a daisy chain configuration to save GPIO ports when multiple
devices are communicating to the same MCU. Figure 7-24 shows the topology when 3 devices are connected in
series with waveforms.

M-SDO SDOf1 SDO2 SDO3

M-SDO [ ——»{ |SDI1 SDO1 [ ——»{ ]SDI2 SDO2 [ —»{ |SDI2 SDO3 [ }—
[ SDH | : SDI2 ] [ SDI3 : : M-SDI
r—w 1 [ M M 1
L L LT LTS
T 1 Pt f
nSCS
! | | |
! | : | |
|
|
HDR1 HDR2 A3 A2 Al D3 D2 D1 —t
SDI1 |
|
! ] j | |
! : |
SDO1 |
S1 HDR1 HDR2 A3 A2 R1 D3 D2 —T
SDI2 |
I | '
! | | | :
SDO2 |
S2 St HDR1 HDR2 A3 R2 R1 D3 f—t—
SDI3 |
T |
: | : | |
|
SDO3 |
S3 S2 S1 HDR1 HDR2 R3 R2 R1 —:—
| |
|
! All Address 1 1 All Address 1 1
" Bytes Reach | ! Bytes Reach | |
: Destination | | Destination | |
| —————— | |
! oo : | | |
v v v v \ A/
Status Reads Writes
Response Here Execute Here Execute Here

Figure 7-24. Daisy Chain SPI Operation

The first device in the chain shown above receives data from the master controller in the following format. See
SDI1 in Figure 7-24

* 2 bytes of Header

* 3 bytes of Address

* 3 bytes of Data

After the data has been transmitted through the chain, the master controller receives it in the following format.
See SDO3 in Figure 7-24

* 3 bytes of Status

» 2 bytes of Header (should be identical to the information controller sent)

* 3 bytes of Report
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The Header bytes contain information of the number of devices connected in the chain, and a global clear fault
command that will clear the fault registers of all the devices on the rising edge of the chip select (hSCS) signal.
N5 through NO are 6 bits dedicated to show the number of device in the chain as shown in Figure 7-25. Up to 63
devices can be connected in series per daisy chain connection.

The 5 LSBs of the HDR2 register are don’t care bits that can be used by the MCU to determine integrity of the
daisy chain connection. Header bytes must start with 1 and 0 for the two MSBs.

1 0 N5 N4 N3 N2 N1 NO
HDR1
| |
| o o |
Number of Devices in the Chain
(Upto 25 -1 =63)
1 0 CLR X X X X X
HDR2
! | |
: e ___ |
| Don’t Care
|

1 = Global FAULT Clear
0 = Don’t Care

Figure 7-25. Header Bits

The Status byte provides information about the fault status register for each device in the daisy chain as shown
in Figure 7-26. That way the master controller does not have to initiate a read command to read the fault status
from any particular device. This saves the controller additional read commands and makes the system more
efficient to determine fault conditions flagged in a device.

Header Bytes (HDR)

| |

HDR1 1 0 N5 N4 N3 N2 N1 NO I

' |

' |

|

HDR2 1 0 CLR X X X X X I

' |

| __—_—___ - _ _________—_—__—_——_- J
Status Byte (Sx) 1 1 FAULT | WARN | DS_GS uv oV oT
Address Byte (Ax) 0 R/W A5 A4 A3 A2 A1 A0
Data Byte (Ax) D7 D6 D5 D4 D3 D2 D1 DO

Figure 7-26. Daisy Chain Read Registers

When data passes through a device, it determines the position of itself in the chain by counting the number of
Status bytes it receives following by the first Header byte. For example, in this 3 device configuration, device 2 in
the chain will receive two Status bytes before receiving HDR1 byte, followed by HDR2 byte.

From the two Status bytes it knows that its position is second in the chain, and from HDR2 byte it knows how
many devices are connected in the chain. That way it only loads the relevant address and data byte in its buffer
and bypasses the other bits. This protocol allows for faster communication without adding latency to the system
for up to 63 devices in the chain.
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The address and data bytes remain the same with respect to a single device connection. The Report bytes (R1
through R3), as shown in the figure above, is the content of the register being accessed.

SDI X MSB

SDO z

Capture
Point

Propagate
Point

Figure 7-27. SPI Slave Timing Diagram
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7.6 Register Maps

The table below lists the memory-mapped registers for the device. 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.

Table 7-12. Register Map

Name 7 6 5 4 3 2 1 0 Type | Address
IC_STAT_1 SPI_OK POR FAULT WARN DS_GS uv ov oT R 0Oh
VGS_VDS_STAT VGS_H1 VGS_L1 VGS_H2 VGS_L2 VDS_H1 VDS_L1 VDS_H2 VDS_L2 R 1h
IC_STAT_2 PVDD_UV PVDD_OV VCP_UV oTW OTSD RSVD SCLK_FLT ADDR_FLT R 2h
RSVD_STAT RSVD R 3h
IC_CTRL EN_DRV SSC_DIS IN1/EN_MODE | IN2/PH_MODE LOCK CLR_FLT R/W 4h
BRG_CTRL VGS_HS_DIS BRG_MODE BRG_FW S_IN1/EN S_IN2/PH S_HIZ1 S_HIZ2 R/W 5h
DRV_CTRL_1 IDRVP_HS IDRVN_HS R/W 6h
DRV_CTRL_2 IDRVP_LS IDRVN_LS R/W 7h
DRV_CTRL_3 VGS_MODE VGS_TDRV VGS_TDEAD VGS_IND R/W 8h
VDS_CTRL_1 VDS_MODE VDS_DG VDS_IDRVN VGS_LVL VDS_IND R/W 9h
VDS_CTRL_2 VDS_HS_LVL VDS_LS_LVL R/W Ah
OLSC_CTRL RSVD OLSC_EN PU_SH1 PD_SH1 PU_SH2 PD_SH2 R/W Bh
UVOV_CTRL PVDDBLéV—MO PVDD_OV_MODE PVDD_OV_DG PVDD_OV_LVL VCP—U[;/ _MOoD VCP_UV_LVL R/W Ch
CSA_CTRL CSA_SH_EN | CSA_BLK_SEL ‘ CSA_BLK CSA_DIV CSA_GAIN R/W Dh

7.6.1 STATUS Registers

Table 7-13 lists the memory-mapped registers for the STATUS registers. All register offset addresses not listed in
Table 7-13 should be considered as reserved locations and the register contents should not be modified.

Table 7-13. STATUS Registers

Address Acronym Register Name Section
Oh IC_STAT_1 IC status register 1 Go
1h VGS_VDS_STAT VGS and VDS status register Go
2h IC_STAT_2 IC status register 2 Go
3h RSVD_STAT Reserved Go

Complex bit access types are encoded to fit into small table cells. Table 7-14 shows the codes that are used for
access types in this section.

Table 7-14. STATUS Access Type Codes

Access Type ‘Code ‘ Description

Read Type

R R |Read

Reset or Default Value

-n Value after reset or the default
value

7.6.1.1 IC_STAT_1 Register (Address = 0h) [reset = 80h]
IC_STAT_1 is shown in Figure 7-28 and described in Table 7-15.
Return to Summary Table.

Status register with the primary IC fault bits

Figure 7-28. IC_STAT_1 Register
7 6 5 4 3 2 1 0
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Figure 7-28. IC_STAT_1 Register (continued)
SPI_OK \ POR FAULT WARN DS_GS \ uv \ ov oT

R-1b R-1b R-0b R-0b R-0b R-0b R-0b R-0b

Table 7-15. IC_STAT_1 Register Field Descriptions

Bit Field Type Reset Description

7 SPI_OK R 1b No SPI fault is detected.
0b = One or multiple of SPI_CLK_FLT or SPI_ADR_FLT in the past
frames.

1b = No SPI fault is detected

6 POR R 1b Indicated power-on-reset condition.
0b = No power-on-reset condition is detected.

1b = Power-on reset condition is detected.

5 FAULT R Ob Fault indicator. Mirrors nFAULT pin.

4 WARN R Ob Warning indicator.

3 DS_GS R Ob Logic OR of VDS and VGS indicators.

2 uv R Ob Undervoltage indicator.

1 ov R Ob Overvoltage indicator.

0 oT R Ob Logic OR of OTW and OTSD indicators.

7.6.1.2 VGS_VDS_STAT Register (Address = 1h) [reset = 0h]
VGS_VDS_STAT is shown in Figure 7-29 and described in Table 7-16.
Return to Summary Table.
Status register with the VGS and VDS fault bits

Figure 7-29. VGS_VDS_STAT Register

7 6 5 4 3 2 1 0
VGS_H1 VGS_L1 VGS_H2 VGS_L2 VDS_H1 VDS_L1 VDS_H2 VDS_L2
R-0b R-0b R-0b R-0b R-0b R-0b R-0b R-0b
Table 7-16. VGS_VDS_STAT Register Field Descriptions

Bit Field Type Reset Description

7 VGS_H1 R Ob Indicates VGS gate fault on the high-side 1 MOSFET.

6 VGS_L1 R Ob Indicates VGS gate fault on the low-side 1 MOSFET.

5 VGS_H2 R Ob Indicates VGS gate fault on the high-side 2 MOSFET.

4 VGS L2 R Ob Indicates VGS gate fault on the low-side 2 MOSFET.

3 VDS_H1 R Ob Indicates VDS overcurrent fault on the high-side 1 MOSFET.
2 VDS_LA1 R Ob Indicates VDS overcurrent fault on the low-side 1 MOSFET.
1 VDS_H2 R Ob Indicates VDS overcurrent fault on the high-side 2 MOSFET.
0 VDS_L2 R Ob Indicates VDS overcurrent fault on the low-side 2 MOSFET.

7.6.1.3 IC_STAT_2 Register (Address = 2h) [reset = 10h]
IC_STAT 2 is shown in Figure 7-30 and described in Table 7-17.
Return to Summary Table.

Status register with IC undervoltage, overvoltage, and SPI fault bits
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Figure 7-30. IC_STAT_2 Register

7 6 5 4 3 2 1 0
PVDD_UV PVDD_OV VCP_UV oTW OTSD RESERVED SCLK_FLT ADDR_FLT
R-0b R-0b R-0b R-0b R-0b R-0b R-0b R-0b
Table 7-17. IC_STAT_2 Register Field Descriptions

Bit Field Type Reset Description

7 PVDD_UV R 0b indicates undervoltage fault on PVDD pin.

6 PVDD_OV R Ob Indicates overvoltage fault on PVDD pin.

5 VCP_UV R Ob Indicates undervoltage fault on VCP pin.

4 oTW R Ob Indicates overtemperature warning.

3 OTSD R Ob Indicates overtemperature shutdown.

2 RESERVED R Ob Reserved.

1 SCLK_FLT R Ob Indicates SPI clock (frame) fault.

0 ADDR_FLT R Ob Indicates SPI address fault.
7.6.1.4 RSVD_STAT Register (Address = 3h) [reset = 0h]
RSVD_STAT is shown in Figure 7-31 and described in Table 7-18.
Return to Summary Table.
Reserved status register

Figure 7-31. RSVD_STAT Register
7 6 5 4 3 2 1 0
RESERVED
R-0b
Table 7-18. RSVD_STAT Register Field Descriptions
Bit Field Type Reset Description
7-0 RESERVED R Ob Reserved

7.6.2 CONTROL Registers

Table 7-19 lists the memory-mapped registers for the CONTROL registers. All register offset addresses not listed
in Table 7-19 should be considered as reserved locations and the register contents should not be modified.

Table 7-19. CONTROL Registers

Address Acronym Register Name Section
4h IC_CTRL IC control register Go
5h BRG_CTRL BRG control register Go
6h DRV_CTRL_1 DRV control register 1 Go
7h DRV_CTRL_2 DRV control register 2 Go
8h DRV_CTRL_3 DRV control register 3 Go
9h VDS_CTRL_1 VDS control register 1 Go
Ah VDS_CTRL_2 VDS control register 2 Go
Bh OLSC_CTRL OLSC control register Go
Ch UVOV_CTRL UVOV control register Go
Dh CSA_CTRL CSA control register Go
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Complex bit access types are encoded to fit into small table cells. Table 7-20 shows the codes that are used for

access types in this section.
Table 7-20. CONTROL 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

7.6.2.1 IC_CTRL Register (Address = 4h) [reset = 6h]
IC_CTRL is shown in Figure 7-32 and described in Table 7-21.
Return to Summary Table.
Control register for IC configurations
Figure 7-32. IC_CTRL Register

7 6 5 4 3 2

1 0

EN_DRV SSC_DIS IN1T/EN_MODE | IN2/PH_MODE LOCK

CLR_FLT

R/W-0b R/W-0b R/W-0b R/W-0b R/W-11b

R/W-0b

Table 7-21. IC_CTRL Register Field Descriptions

Bit Field Type Reset Description

7 EN_DRV R/W Ob Enable gate driver bit
are enabled.

inputs.

Ob = Driver inputs are ignored and the gate driver passive pulldowns

1b = Gate driver outputs are enabled and controlled by the digital

6 SSC_DIS R/W Ob
Ob = Enabled.

1b = Disabled.

Disable device spread spectrum clocking

5 IN1/EN_MODE R/W Ob IN1/EN control mode.

0b = IN1/EN signal is sourced from the IN1/EN pin.
1b = IN1/EN signal is sourced from the S_IN1/EN bit.

IN2/PH_MODE

R/W

Ob IN2/PH control mode.
0b = IN2/PH signal is sourced from the IN2/PH pin.
1b = IN2/PH signal is sourced from the S_IN2/PH bit.

3-1

LOCK

R/W

11b 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
these bits.

CLR_FLT

R/W

0b Clear latched fault status information.
Ob = Default state.

1b = Clear faults, resets to Ob after completion.

7.6.2.2 BRG_CTRL Register (Address = 5h) [reset = 0h]
BRG_CTRL is shown in Figure 7-33 and described in Table 7-22.
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Return to Summary Table.
Control register for bridge configurations and output control
Figure 7-33. BRG_CTRL Register

7 6 5 4 3 2 1 0
VGS_HS_DIS BRG_MODE BRG_FW S_IN1/EN S_IN2/PH S_HIZ1 S_HIZ2
R/W-Ob R/W-0b R/W-Ob R/W-0b R/W-0b R/W-Ob R/W-0b

Table 7-22. BRG_CTRL Register Field Descriptions

Bit Field Type Reset Description
7 VGS_HS_DIS R/W Ob Vs monitor based dead-time handshake.
Ob = Enabled.
1b = Disabled. Gate drive transition based on tpr)ve and tpgap time
duration.
6-5 BRG_MODE R/W 00b H-bridge input control mode.

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

10b = PWM H-bridge input control.

11b = Split HS/LS solenoid input control.

4 BRG_FW R/W Ob H-bridge control freewheeling setting.
0Ob = Low-side freewheeling.
1b = High-side freewheeling.

3 S_IN1/EN R/W Ob Control bit for IN1/EN input signal. Enabled through IN1/EN_MODE
bit.

2 S_IN2/PH R/W Ob Control bit for IN2/PH input signal. Enabled through IN2/PH_MODE
bit.

1 S_Hiz1 R/W Ob Control bit for HIZ1 input signal. Logic OR with the nHIZ1 pin. Active

only in half-bridge input control mode.

Ob = Outputs follow IN1/EN signal.

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

0 S_HIZ2 R/W Ob Control bit for HIZ2 input signal. Logic OR with the nHIZ2 pin. Active
only in half-bridge input control mode.

Ob = Outputs follow IN2/PH signal.

1b = Gate drivers pulldowns are enabled. Half-bridge 2 Hi-Z

7.6.2.3 DRV_CTRL_1 Register (Address = 6h) [reset = FFh]
DRV_CTRL_1 is shown in Figure 7-34 and described in Table 7-23.
Return to Summary Table.
Control register for DRV gate current configuration
Figure 7-34. DRV_CTRL_1 Register

7 6 5 4 3 2 1 0
IDRVP_HS IDRVN_HS
R/W-1111b R/W-1111b
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Table 7-23. DRV_CTRL_1 Register Field Descriptions
Bit Field Type Reset Description
7-4 IDRVP_HS R/W 1111b High-side peak source pull up current.
0000b = 0.5 mA
0001b =1 mA
0010b =2 mA
0011b =3 mA
0100b = 4 mA
0101b = 6 mA
0110b =8 mA
0111b =12 mA
1000b = 16 mA
1001b =20 mA
1010b = 24 mA
1011b =28 mA
1100b = 31 mA
1101b = 40 mA
1110b = 48 mA
1111b = 62 mA

3-0 IDRVN_HS R/W 1111b High-side peak sink pull down current.
0000b = 0.5 mA

0001b =1 mA
0010b =2 mA
0011b =3 mA
0100b = 4 mA
0101b = 6 mA
0110b =8 mA
0111b =12 mA
1000b = 16 mA
1001b =20 mA
1010b =24 mA
1011b = 28 mA
1100b = 31 mA
1101b =40 mA
1110b = 48 mA
1111b = 62 mA

7.6.2.4 DRV_CTRL_2 Register (Address = 7h) [reset = FFh]
DRV_CTRL_2 is shown in Figure 7-35 and described in Table 7-24.
Return to Summary Table.
Control register for DRV gate current configuration
Figure 7-35. DRV_CTRL_2 Register

7 6 5 4 & 2 1 0
IDRVP_LS IDRVN_LS
R/W-1111b R/W-1111b
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Table 7-24. DRV_CTRL_2 Register Field Descriptions
Bit Field Type Reset Description
7-4 IDRVP_LS R/W 1111b Low-side peak source pull up current.
0000b = 0.5 mA
0001b =1 mA
0010b =2 mA
0011b =3 mA
0100b = 4 mA
0101b = 6 mA
0110b =8 mA
0111b =12 mA
1000b = 16 mA
1001b =20 mA
1010b = 24 mA
1011b =28 mA
1100b = 31 mA
1101b = 40 mA
1110b = 48 mA
1111b = 62 mA

3-0 IDRVN_LS R/W 1111b Low-side peak sink pull down current.
0000b = 0.5 mA

0001b =1 mA
0010b =2 mA
0011b =3 mA
0100b = 4 mA
0101b = 6 mA
0110b =8 mA
0111b =12 mA
1000b = 16 mA
1001b =20 mA
1010b =24 mA
1011b = 28 mA
1100b = 31 mA
1101b =40 mA
1110b = 48 mA
1111b = 62 mA

7.6.2.5 DRV_CTRL_3 Register (Address = 8h) [reset = 20h]

DRV_CTRL_3 is shown in Figure 7-36 and described in Table 7-25.

Return to Summary Table.

Control register for DRV dead-time, gate current drive time, and VDS blanking time
Figure 7-36. DRV_CTRL_3 Register

7 6 5 4 3 2 1 0
VGS_MODE VGS_TDRV VGS_TDEAD VGS_IND
R/W-00b R/W-10b R/W-000b R/W-0b
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Table 7-25. DRV_CTRL_3 Register Field Descriptions
Bit Field Type Reset Description
7-6 VGS_MODE R/W 00b VGS gate fault monitor mode.
00b = Latched fault.
01b = Cycle by cycle.
10b = Warning report only.
11b = Disabled.

5-4 VGS_TDRV R/W 10b VGS drive time and VDS monitor blanking time.
00b =96 ps

01b =2 ps

10b =4 pus

11b =8 us

341 VGS_TDEAD R/W 000b Insertable digital dead-time.

000b =0ns

001b =250 ns

010b =500 ns

011b =750 ns

100b = 1000 ns

101b = 2000 ns

110b = 4000 ns

111b = 8000 ns

0 VGS_IND R/W Ob 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.

7.6.2.6 VDS_CTRL_1 Register (Address = 9h) [reset = 20h]
VDS_CTRL_1 is shown in Figure 7-37 and described in Table 7-26.
Return to Summary Table.
Control register for VDS overcurrent comparators
Figure 7-37. VDS_CTRL_1 Register

7 6 5 4 3 2 1 0
VDS_MODE VDS_DG VDS_IDRVN VGS_LVL VDS_IND
R/W-00b R/W-10b R/W-00b R/W-0b R/W-0b

Table 7-26. VDS_CTRL_1 Register Field Descriptions
Bit Field Type Reset Description
7-6 VDS_MODE R/W 00b VDS overcurrent monitor mode.
00b = Latched fault.
01b = Cycle by cycle.
10b = Warning report only.
11b = Disabled.

5-4 VDS_DG R/W 10b VDS overcurrent monitor deglitch time.
00b =1 ps
01b =2 ps
10b =4 ps
11b =8 us
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Table 7-26. VDS_CTRL_1 Register Field Descriptions (continued)
Bit Field Type Reset Description
3-2 VDS_IDRVN R/W 00b Ipryvn gate pulldown current after Vps ocp fault.
00b = Programmed Ipryn
01b =8 mA
10b =31 mA
11b =62 mA
1 VGS_LVL R/W Ob VGS monitor threshold for dead-time handshake and gate fault
detection.
Ob=14V.
1b=10V
0 VDS_IND R/W Ob VDS independent shutdown mode enable. Active for BRG_MODE =

00b, 11b.
Ob = Disabled.

1b = Enabled. VDS overcurrent fault will only shutdown the
associated half-bridge.

7.6.2.7 VDS_CTRL_2 Register (Address = Ah) [reset = DDh]
VDS _CTRL_2 is shown in Figure 7-38 and described in Table 7-27.
Return to Summary Table.

Control register for VDS threshold voltage

Figure 7-38. VDS_CTRL_2 Register
7 6 5 4 3 2 1 0
VDS_HS_LVL VDS_LS_LVL
R/W-1101b R/W-1101b

Table 7-27. VDS_CTRL_2 Register Field Descriptions
Bit Field Type Reset Description
7-4 VDS_HS_LVL R/W 1101b High-side VDS overcurrent monitor threshold.
0000b = 0.06 V
00001b =0.08 V
0010b=0.10V
0011b=0.12V
0100b =0.14 V
0101b=0.16 V
0110b =0.18 V
0111b=0.2V
1000b = 0.3V
1001b =04V
1010b=0.5V
1011b=0.6 V
1100b = 0.7 V
1101b=1V
1110b =14V
1MM11b=2V
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Table 7-27. VDS_CTRL_2 Register Field Descriptions (continued)

Bit Field Type Reset Description

R/W 1101b Low-side VDS overcurrent monitor threshold.
0000b = 0.06 V
0001b =0.08 V
0010b=0.10V
0011b=0.12V
0100b =0.14V
0101b=0.16 V
0110b =0.18 V
0111b=0.2V
1000b = 0.3V
1001b =04V
1010b=0.5V
1011b=0.6V
1100b =0.7 V
1101b=1V
1110b =14V

1M1b=2V

3-0 VDS_LS_LVL

7.6.2.8 OLSC_CTRL Register (Address = Bh) [reset = 0h]
OLSC_CTRL is shown in Figure 7-39 and described in Table 7-28.
Return to Summary Table.
Control register of offline diagnostics.
Figure 7-39. OLSC_CTRL Register

7 6 5 4 S 2 1 0
RESERVED OLSC_EN PU_SH1 PD_SH1 PU_SH2 PD_SH2
R/W-000b R/W-0b R/W-0b R/W-0b R/W-0b R/W-0b
Table 7-28. OLSC_CTRL Register Field Descriptions
Bit Field Type Reset Description
7-5 RESERVED R/W 000b Reserved
4 OLSC_EN R/W Ob 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.
3 PU_SH1 R/W Ob Half-bridge 1 pull up diagnostic current source. Must set OLSC_EN
bit to use.
Ob = Disabled.
1b = Enabled.
2 PD_SH1 R/W Ob Half-bridge 1 pull down diagnostic current source. Must set
OLSC_EN bit to use.
Ob = Disabled.
1b = Enabled.
1 PU_SH2 R/W Ob Half-bridge 2 pull up diagnostic current source. Must set OLSC_EN
bit to use.
Ob = Disabled.
1b = Enabled.
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Table 7-28. OLSC_CTRL Register Field Descriptions (continued)

Bit Field Type Reset Description

0 PD_SH2 R/W Ob Half-bridge 2 pull down diagnostic current source. Must set
OLSC_EN bit to use.
Ob = Disabled.
1b = Enabled.

7.6.2.9 UVOV_CTRL Register (Address = Ch) [reset = 14h]
UVOV_CTRL is shown in Figure 7-40 and described in Table 7-29.
Return to Summary Table.
Control register for undervoltage and overvoltage monitors
Figure 7-40. UVOV_CTRL Register

7 6 5 4 3 2 1 0
PVDD_UV_MO PVDD_OV_MODE PVDD_OV_DG PVDD_OV_LVL | VCP_UV_MOD | VCP_UV_LVL
DE E
R/W-0b R/W-00b R/W-10b R/W-1b R/W-Ob R/W-0b

Table 7-29. UVOV_CTRL Register Field Descriptions
Bit Field Type Reset Description

7 PVDD_UV_MODE R/W Ob PVDD supply undervoltage monitor mode.
Ob = Latched fault.

1b = Automatic recovery.

6-5 PVDD_OV_MODE R/W 00b PVDD supply overvoltage monitor mode.
00b = Latched fault.

01b = Automatic recovery.
10b = Warning report only.
11b = Disabled.

4-3 PVDD_OV_DG R/W 10b PVDD supply overvoltage monitor deglitch time.
00b =1 ps

01b =2 ps

10b =4 ps

1Mb=8 s

2 PVDD_OV_LVL R/W 1b PVDD supply overvoltage monitor threshold.
Ob=215V

1b =285V

1 VCP_UV_MODE R/W Ob VCP charge pump undervoltage monitor mode.
Ob = Latched fault.

1b = Automatic recovery.

0 VCP_UV_LVL R/W Ob VCP charge pump undervoltage monitor threshold.
Ob=25V

1b=5V

7.6.2.10 CSA_CTRL Register (Address = Dh) [reset = 1h]
CSA_CTRL is shown in Figure 7-41 and described in Table 7-30.
Return to Summary Table.

Control register for current shunt amplifier
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Figure 7-41. CSA_CTRL Register

7

6

4

3 2 1

CSA_SH_EN

CSA BLK_SEL

CSA _BLK

CSA DIV

CSA_GAIN

R/W-0b

R/W-0b

R/W-000b

R/W-0b

R/W-01b

Table 7-30. CSA_CTRL Register Field Descriptions

Bit

Field

Type

Reset

Description

CSA_SH_EN

R/W

Ob

Current shunt amplifier sample and hold.
Ob = Disabled

1b = Enabled

CSA_BLK_SEL

R/W

Ob

Current shunt amplifier blanking trigger source.
0Ob = Half-bridge 1
1b = Half-bridge 2

CSA_BLK

R/W

000b

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

001b =25%

010b =37.5%

011b =50 %

100b =62.5 %

101b=75%

110b = 87.5 %

111b =100 %

CSA_DIV

R/W

Ob

Current shunt amplifier reference voltage divider.

Ob = AREF /2
1b=AREF /8

CSA_GAIN

R/wW

01b

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

Note

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

8.1 Application Information

The DRV8706-Q1 is a highly configurable H-bridge MOSFET gate driver than cane 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.

8.2 Typical Application

The typical application for the DRV8706-Q1 is to control an external MOSFET H-bridge for bi-directional brushed
DC motor control. A high-level schematic example is shown below in Figure 8-1.

DRV8706-Q1
v _Power and Charge Pump. Vevoo Vearr
e 2|1 1| 29
. | DVDD PVDD |
Microcontroller 1uF | | 1uF
V, 111 {8 T Reverse Polarit:
|CC :_F : GND vep : v g Protection /
= | cPH
_____ 1 11 | | 32 0.1 uF
| GP-O » | nSLEEP cPL | ——T"
__Interface (SPI/HW)__ Voo T T Gae ] Cou
r-—-== | |
| nscs | irlnSCS/GAIN | 04 Fb' i 2 i )
| SCLK | 2> | SCLK/VDS : T T —
! MDO ! {1 SDI_ /IDRIVE I — - -
| MDI | |« | SDO /MODE ! -
Gate Driver
| e |
: DRAIN : &
i 12 1 1] 20 - —
GP-O | » | DRVOFF GH1 >
| | |
e S| SH1 | :g; iﬂ }‘Gm GHZ‘{ ﬁ_}L
PWM | » | IN1/EN GL1 ! >
| | | R
! ! |||—g | nHIZt sL1 1 [ SH1 Lo @ I SH2
PWM | » | IN2/PH !
| | |
“““ ? Vee 1 10 ! nHIZ2 GH2 | gg > j SN .
I |
_____ | Rpu% 13 |1 SH2 | 25 i-ﬁ }—GU GL2~{ H-_}L
| GPl e bt | nFAULT GL2 o > i ]
o SL2 |« SL1 —e +—SL2
Shunt Amplifier
_____ 1 I |
| _ADC Iiq 4150 | s
Vlco 16| SP | UL 1
Py | | p—
1 | AREF SN 1 |2
0.1 uF 7 | I
- | |
:_F | AGND !

Figure 8-1. DRV8706-Q1 Typical Application
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8.2.1 Design Requirements
Table 8-1 lists a set if example input parameters for the system design.

Table 8-1. Example Design Parameters

Design Parameter Reference Value
PVDD Nominal Supply Voltage 12V
PVDD Supply Voltage Range Vevoo 9to 18V
DVDD / AREF Logic Supply Voltage Vee 3.3V
MOSFET Total Gate Charge Qg 30 nC (typical) at Vgs =10 V
MOSFET Gate to Drain Charge Qgp 5 nC (typical)
MOSFET On Resistance Rps(on) 4 mQ
Target Output Rise Time trise 750 - 1000 ns
Target Output Fall Time tean 250 - 500 ns
PWM Frequency fPwm 20 kHz
Maximum Motor Current Imax 25A
Shunt Resistor Power Capability PsHunT 3w

8.2.2 Detailed Design Procedure

The following sections will go through some of the common design procedures for the gate driver, shunt
amplifier, and determining the device power dissipation.

8.2.2.1 Gate Driver Configuration
8.2.2.1.1 VCP Load Calculation Example

It should be ensured that the DRV8706-Q1 charge pump load capability is sufficient for the MOSFET and
desired PWM frequency. This can be confirmed with a simple calculation as shown in Equation 1. In typical
H-bridge drive configurations, only one high-side MOSFET will be switching at a time.

lvep (A) = Qg (C) x fpwm (HZz) x # of switching HS FETs (1)

Using the input design parameters as an example, we can show that in this scenario that output load capability
of the charge pump is sufficient in Equation 2.

lvep =30 NnC x 20 kHz x 1 = 0.6 mA (2)
8.2.2.1.2 Ipg)ye Calculation Example

The gate drive current strength, Iprive, is selected based on the gate-to-drain charge of the external MOSFETs
and the target rise and fall times at the switch-node. If Ipgg is selected to be too low for a given MOSFET,
then the MOSFET may not turn on or off completely within the configured tpr)ye time and a gate fault may be
asserted. Additionally, slow rise and fall times will lead to higher switching power losses in the external power
MOSFETs. It is recommended to verify these values in system with the required external MOSFETs and load to
determine the optimal settings.

The Iprivep and Ipriven for both the high-side and low-side external MOSFETs are independently adjustable
on SPI device variants. On hardware interface device variants, both source and sink settings are selected
simultaneously on the IDRIVE pin.

For MOSFETs with a known gate-to-drain charge (Qgp), desired rise time (;ise), and a desired fall time (iz), use
Equation 3 and Equation 4 to calculate the approximate values of Iprvep and Ipriven (respectively).

Ipriver = Qap / trise

IprIvEN = Qap / tail

©)
(4)
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Using the input design parameters as an example, we can calculate the approximate values for Ipgyep and
IDRIVEN-

Iprivep_Hi =95 nC /750 ns = 6.67 mA (5)

Ipriver Lo =5 nC /1000 ns =5 mA (6)
Based on these calculations a value of 6 mA was chosen for Iprvep.

Ipriven_Hi = 5 nC /250 ns = 20 mA (7)

IprivEn_Lo =5 nC /500 ns = 10 mA (8)
Based on these calculations a value of 16 mA was chosen for Iprjven-

8.2.2.2 Current Shunt Amplifier Configuration

The DRV8706-Q1 differential shunt amplifier gain and shunt resistor value are selected based on the dynamic
current range, reference voltage supply, shunt resistor power rating, and operating temperature range. In
bidirectional operation of the shunt amplifier, the dynamic range at the output is approximately calculated as
shown in Equation 9. The output of the amplifier can swing from the midpoint reference (Vargr / 2) to either 0.25
V or Varer - 0.25V depending on the polarity of the input voltage to the ampilifer.

Vso i = (Varer - 0.25 V) - (Varer / 2) 9)

If only unidirectional current sensing is required, the amplifier reference can be modified to expand the dynamic
range at the output. The is modified through the CSA_DIV SPI register setting. In this mode, the dynamic range
at the output is approximately calculated as shown in Equation 10.

Vso _uni = (Varer - 0.25 V) - (Varer / 8) (10)

Based on Varer = 3.3 V, the dynamic out range in both bidirectional or unidirectional sensing can be calculated
as shown below.

Vso m=(3.3V-025V)-(33V/2)=14V (11)
Vso uni = (3.3V-0.25V) - (3.3V/8)=2.6375V (12)

The external shunt resistor value andDRV8706-Q1 shunt amplifier gain setting are selected based on the
available dynamic output range, the shunt resistor power rating, and maximum motor current that needs to be
measured. This exact values for the shunt resistance and amplifier gain are determine by both Equation 13 and
Equation 14.

RsHUNT < Pshunt / Imax 2 (13)
Av < Vso / (Imax X RsHunT) (14)

Based on Vgo = 1.4V, Iyax = 25 A and Psyunt = 3 W, the values for shunt resistance and amplifier gain can be
calculated as shown below.

Rspunt <3 W /252 A=4.8 mQ (15)
Ay<14V/(25Ax4.8mQ)=11.67 VIV (16)

Based on the results, a shunt resistance of 4 mQ and an amplifier gain of 10 V/V can be selected.
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8.2.2.3 Power Dissipation

In high ambient operating environments, it may be important to estimate the internal self heating of the driver.
To determine the temperature of the device, first the internal power dissipation must be calculate. After this an
estimate can be made with the device package thermal properties.

The internal power dissipation has four primary components.

» High-Side Driver Power Dissipation (Pys)

* Low-Side Driver Power Dissipation (P.s)

» PVDD Battery Supply Power Dissipation (Ppypp)

» DVDD/AREF Logic/Reference Supply Power Dissipation (Pycc)

The values for Pys and P g can be approximated by referencing the earlier equation for charge pump load
current as shown below. In a typical switch scenario, 1 high-side and 1 low-side MOSFET are switching.

lhsis (A) = Qg (C) x fpywm (Hz) x # of switching FETs 17)

Using the input design parameters as an example, we can calculate the current load from the high-side and
low-side drivers.

lus = 30 nC x 20 kHz x 1 = 0.6 mA (18)
ILs =30 nC x 20 kHz x 1 = 0.6 mA (19)

From this, the power dissipation can be calcuated from the equations below for the driver power dissipation. The
high-side includes a doubling factor to account for the losses in the charge pump.

Phs (W) = lys (A) X Vpypp X 2 (20)
PLs (W) = ILs (A) X Vpypp (21)

Using the input design parameters as an example, we can calculate the power dissipation from the high-side and
low-side drivers.

Phs (W) = 0.0144 W= 0.6 mMAx 12V x 2 (22)
PLs (W) =0.0072W =0.6 mAx 12V (23)

The values for Ppypp and Pycc can be approximated by referencing the below equations.

Ppvop (W) = Ipvpp (A) X Veypp (24)
Pvce (W) = (Ipvop (A) X Vovpp) + (Iarer (A) X VAREF) (25)

Using the input design parameters as an example, we can calculate the power dissipation for the power
supplies.

Ppvop (W) = 0.0024 W=2mA x 12V (26)
Pyce (W) = 0.0015 W = (3.5 mAx 3.3 V) + (1 mAx3.3V) (27)

Finally to estimate device junction temeprature, can reference below equation.

TyuncTion (°C) = Tamsient (°C) + (Rgya (°C/W) x ProT(W)) (28)

Using the previously calculated power dissipation values and the device thermal parameter from the Thermal
Information table can estimate the device internal temperature.

Tyunction (°C) = 105.9 °C = 105 °C + (34.9 °C/W x 0.0255 W) (29)
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8.2.3 Application Curves
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The image above shows the driver during nominal PWM operaion, including the logic PWM control input and all driver outputs.

Figure 8-2. Driver Nominal PWM Operation
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The image above shows the driver and amplifier performance during motor startup including driver outputs and current amplifier
feedback..

Figure 8-3. Driver Operation During Motor Startup
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Figure 8-4. Driver PWM Operation During Warm Crank Pulse
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Figure 8-5. Driver PWM Operation During Cold Crank Pulse
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9 Layout

9.1 Layout Guidelines

Bypass the PVDD pin to the GND pin using a low-ESR ceramic bypass capacitor with a recommended value of
0.1 pF. 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 rated for VM. 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.

Additional bulk capacitance is required to bypass the high current path on the external MOSFETs. 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.

Place a low-ESR ceramic capacitor between the CPL and CPH pins. This capacitor should be 0.1 uF, rated
for PVDD, and be of type X5R or X7R. Additionally, place a low-ESR ceramic capacitor between the VCP and
PVDD pins. This capacitor should be 1 yF, rated for 16 V, and be of type X5R or X7R.

Bypass the DVDD pin to the GND pin with a 1.0 uF low-ESR ceramic capacitor rated for 6.3 V and of type X5R
or X7R. Place this capacitor as close to the pin as possible and minimize the path from the capacitor to the GND
pin. If another bypass capacitor is within close proximity of the device for the external low voltage power supply
and noise on the power supply is minimal, it is optional to remove this component.

Bypass the AREF pin to the GND pin with a 0.1 pF low-ESR ceramic capacitor rated for 6.3 V and of type X5R
or X7R. Place this capacitor as close to the pin as possible and minimize the path from the capacitor to the GND
pin. If another bypass capacitor is within close proximity of the device for the external low voltage power supply
and noise on the power supply is minimal, it is optional to remove this component.

The DRAIN pin can be shorted directly to the PVDD pin. However, if a significant distance is between the device
and the external MOSFETSs, use a dedicated trace to connect to the common point of the drains of the high-side
external MOSFETs. Do not connect the SLx pins 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 Vpg 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 SLx pin.
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9.2 Layout Example
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Figure 9-1. DRV8706-Q1 Layout Example
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10 Device and Documentation Support
10.1 Documentation Support
10.1.1 Related Documentation

For related documentation see the following:

» Texas Instruments, Understanding Smart Gate Drive application report

» Texas Instruments, Calculating Motor Driver Power Dissipation application report

» Texas Instruments, PowerPAD™ Made Easy application report

» Texas Instruments, PowerPAD™ Thermally Enhanced Package application report

» Texas Instruments, Best Practices for Board Layout of Motor Drivers application report

10.1.2 Receiving Notification of Documentation Updates

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

10.2 Support Resources

TI E2E™ support forums are an engineer's go-to source for fast, verified answers and design help — straight
from the experts. Search existing answers or ask your own question to get the quick design help you need.

Linked content is provided "AS IS" by the respective contributors. They do not constitute Tl specifications and do
not necessarily reflect Tl's views; see TlI's Terms of Use.

10.3 Trademarks

TI E2E™ is a trademark of Texas Instruments.

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

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

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

10.5 Glossary

Tl Glossary This glossary lists and explains terms, acronyms, and definitions.
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11 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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PACKAGING INFORMATION

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ ©)
DRV8706HQRHBRQ1 Active Production VQFN (RHB) | 32 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 DRV8706H
DRV8706HQRHBRQ1.A Active Production VQFN (RHB) | 32 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 DRV8706H
DRV8706SQRHBRQ1 Active Production VQFN (RHB) | 32 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 DRV8706S
DRV8706SQRHBRQ1.A Active Production VQFN (RHB) | 32 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 DRV8706S

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

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

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

) |ead finish/Ball material: Parts may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two lines if the finish value exceeds the maximum
column width.

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

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

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

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

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO [¢—P1—
L Regic oy Rogic e o T
o| |e o Bo W
el |
. Diameter ' '
Cavity —>| AO |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ ]
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O 0O O 0O 0O 0O 0 O0 Sprocket Holes
| |
T T
St N Il )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ & A |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
DRV8706HQRHBRQ1 VQFN RHB 32 3000 330.0 12.4 5.3 5.3 11 8.0 12.0 Q2
DRV8706SQRHBRQ1 VQFN RHB 32 3000 330.0 12.4 5.3 5.3 11 8.0 12.0 Q2
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PACKAGE MATERIALS INFORMATION
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www.ti.com 3-Jun-2022
TAPE AND REEL BOX DIMENSIONS
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
DRV8706HQRHBRQ1 VQFN RHB 32 3000 367.0 367.0 35.0
DRV8706SQRHBRQ1 VQFN RHB 32 3000 367.0 367.0 35.0
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GENERIC PACKAGE VIEW
RHB 32 VQFN - 1 mm max height

5x 5, 0.5 mm pitch PLASTIC QUAD FLATPACK - NO LEAD

Images above are just a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.
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PACKAGE OUTLINE
RHBO032T VQFN - 1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

P 5.15 B
@ T 4.85 D
___A
PIN 1 INDEX AREA—|
5.15
4.85

f 0.13 MIN
(0.15) 4 t

SECTION A-A
TYPICAL

0.8
B ol e e e = =

2x[35
| [03.45+0.1 | — ﬁ(o.z) TYP
Sl 8 THERMAL PAD
28x GOOU000UE |
£ 85> % =/ Cqu (0.16) TYP 7 5
-B> ‘ &= }7 D
DD | ir(z l D
2X A A
35] 4?4%,7,7‘337,7“*(,;*,:”/”“ D
DD ‘ (EJ D
D> ! d D
> | Lo >
- 13 >\ ‘ 24 $0.1@ clals D
AAARAAAQ oo [C
PIN 1 ID 3 svlle %
(OPTIONAL) ~ —= [=—(0.355) ¢ 49y 052 .

TYP 0.32
4224744/A 01/2019

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
RHBO032T VQFN - 1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

[3.45)
SYMM
32 25

00800

FCD | - | e

L

28X (0.5)

©@0.2) TYP

VIA [:1:]

a a

a a

b o
\

OGO

I
|
—— a75) T
(4.78) !

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN

(R0.05)
TYP

-

-5

SCALE:18X
0.07 MAX —»= 0.07 MIN
ALL AROUND ALL AROUND
r 7 SOLDER MASK
/METAL EDGE | /OPENING
| |
| |
EXPOSED METAL i
. EXPOSED/ l
SOLDER MASK METAL | METAL UNDER
OPENING N SOLDER MASK

NON SOLDER MASK SOLDER MASK

DEFINED
(PREFERRED) DEFINED

SOLDER MASK DETAILS

4224744/A 01/2019

NOTES: (continued)

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

5. Vias are optional depending on application, refer to device data sheet. If any vias are implemented, refer to their locations shown
on this view. It is recommended that vias under paste be filled, plugged or tented.
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EXAMPLE STENCIL DESIGN
RHBO032T VQFN - 1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

le— 4X (J1.49) —~

(R0.05) TYP (0.845) W
32 r 25
|
32X (0.62)
L _ o —

-

32X(0.25)T | !
|
f*EB i |
| |

-

%%Ci

28X (0.5) !

R 7 N SR
.
)

|
|
|
|
|
8 @ I 17
L
|

e

T 88808808

SYMM

|
| |
|

|
| |
L (4.78) -

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL

EXPOSED PAD 33:

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

4224744/A 01/2019

NOTES: (continued)

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

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

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

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

TI's products are provided subject to TI's Terms of Sale, TI's General Quality Guidelines, or other applicable terms available either on
ti.com or provided in conjunction with such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable
warranties or warranty disclaimers for Tl products. Unless Tl explicitly designates a product as custom or customer-specified, TI products
are standard, catalog, general purpose devices.

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

Copyright © 2025, Texas Instruments Incorporated
Last updated 10/2025
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