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4 Pin Configuration and Functions
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4-1. DRV7308 VQFN With Exposed Thermal Pad Top View
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R 4-1. Pin Functions

PIN
TYPE(") DESCRIPTION
NAME NO.

AMPIN- 5 | Inverting input of the operational amplifier

AMPIN+ | Non-inverting input of the operational amplifier

AMPOUT O Output terminal of the operational amplifier

BOOTA 48 P Bootstrap supply for phase A; bypass to OUTA with a GVDD rated capacitor

BOOTB 43 P Bootstrap supply for phase B; bypass to OUTB with a GVDD rated capacitor

BOOTC 41 P Bootstrap supply for phase C; bypass to OUTC with a GVDD rated capacitor

BRAKE 25 | Motor Brake signal. Logic high on the pin turns on all the low side GaNFETs and turns off
all the high side GaNFETs

EN 64 Driver enable pin. When this pin is logic low the device goes to shutdown mode and all the
GaN FETs are turned off. A 20us to 40us low pulse can be used to reset fault conditions

HV_nFAULT 26 o Fault indication pin. Pulled logic-low on fault condition; open-drain output requires an
external pullup

ILIMIT | Reference voltage for over current limit for internal comparator

INHA 18 | High-side driver control input for OUTA. This pin controls the output of the high-side
GaNFET

INHB 20 High-side driver control input for OUTB. This pin controls the output of the high-side
GaNFET

INHC 22 High-side driver control input for OUTC. This pin controls the output of the high-side
GaNFET

INLA 19 Low-side driver control input for OUTA. This pin controls the output of the Low-side
GaNFET

INLB 21 Low-side driver control input for OUTB. This pin controls the output of the Low-side
GaNFET

INLC 24 Low-side driver control input for OUTC. This pin controls the output of the Low-side
GaNFET

NC 1,23 No connect, can be connected to PGND

NC_A 49 | Can be connected to OUTA

NC_B 44 | Can be connected to OUTB

NC_C 40 | Can be connected to OUTC

OUTA 50-57 P Half bridge output A

OouTB 42, 45-47,72 P Half bridge output B

OouTC 32-39 P Half bridge output C

PGND 7,17, Device power and signal ground. Connect to system ground

27,28,29, G
60,61,62,66,
70, 71

SLA 8,9, 10, 67 P Phase A half bridge low side source

SLB 11,12, 13, 68 P Phase B half bridge low side source

SLC 14, 15, 16, 69 P Phase C half bridge low side source

SR 65 | OUTXx voltage slew rate control. Connect a resistor between SR pin and PGND or SR pin
to GVDD to configure the slew rate

GVDD 63 = Low voltage power supply; bypass to PGND with one 1uF, GVDD rated ceramic capacitor
plus one bulk capacitor rated for GVDD

VM 30, 31, 58, 59 = Power supply. Connect to motor supply voltage; bypass to PGND with a 0.1uF capacitor
plus one bulk capacitor rated for VM

VTEMP 3 O Temperature Sensor Output

(1) 1 =Input, O = Output, I/O = Input or Output, G = Ground, P = Power.

4 BEICET BTN (DERRBE Sb) EHE
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5 Absolute Maximum Ratings

over operating temperature range (unless otherwise noted)@

MIN MAX UNIT
Drain-source blocking voltage (FET off) (Vps) 650 Vv
DC voltage applied between VM and PGND 450 Vv
Drain DC current (Ipc) @ TJ = 150°C 4 A
Phase node pin voltage referred to PGND )
(OUTA, OUTB, OUTC) 10 650 v
BOOTXx pin voltage referred to OUTx 05 20 Vv
(BOOTA, BOOTB, BOOTC) () ’
Pin voltage - GVDD to PGND (1) -0.5 20 Y
Pin voltage - INx, EN, BRAKE, HV_nFAULT }
to PGND (1) 0-5 20 v
Pin voltage - AMPIN+, AMPIN-, AMPOUT,
ILIMIT, SR to PGND 0.5 Vevop*0:3 v
Operational amlifier output current
(AMPOUT) 20 mA
Operating ambiient temperature -40 125 °C
Operating junction temperature (T ) -40 150 °C
Storage temperature (Tgg) -55 150 °C

(1) For PDRV7308 devices limit the voltage to less than 16V

(2) 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.

6 ESD Ratings

VALUE UNIT
Electrostatic

Viespy | discharge (All |y an body model (HBM), per ANSIESDA/JEDEC JS-001() +2000 Vv
other pins -
pin names)
Electrostatic | Human body model (HBM), per ANSI/ESDA/JEDEC JS-001() +1000

v discharge \

ESD)|(VM, OUTxX, | Charged device model (CDM), per ANSI/ESDA/JEDEC JS-002(2) +500

BOOT, NCx)

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.

7 Recommended Operating Conditions

over operating temperature range (unless otherwise noted)

MIN NOM MAX| UNIT
Vvm DC power supply voltage VM 0 450 Vv
Vovon (C;aseRf/r;‘é%%?‘fﬂp'y voltage GVDD 10.8 15| v
fPwm PWM frequency OUTA, OUTB, OUTC 20 60| kHz
VN Logic Input Voltage INHx, INLx, EN, BRAKE -0.1 5 \Y
Vob Open drain pull up voltage HV_nFAULT -0.1 5 \%
lop Open drain output sink current HV_nFAULT 0 5 mA
Vsr Slew rate pin voltage SR GVDD \Y

Copyright © 2024 Texas Instruments Incorporated
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7 Recommended Operating Conditions (#¥£X)

over operating temperature range (unless otherwise noted)

MIN NOM MAX| UNIT

Vsix SLx pin voltage SLA, SLB, SLC -1 1 \Y
V AMPINX Amplifier input pin voltage AMPIN+, AMPIN- -0.1 5 \Y
Viuwir Over current protection reference ILIMIT 0.1 2 \%

Minimum low side on time @ Fsw =

TONMIN | 20KkHZ/16KHzZ 0.5 Hs
Ta —40 100 °C
T —40 125 °C
(1) Recommended maximum voltage at GVDD pin of PDRV7308 is 15V
8 Thermal Information
DEVICE
THERMAL METRIC(") REN (VQFN) UNIT
40 PINS
Rgya Junction-to-ambient thermal resistance 21.2 °C/W
Reycitop)  |Junction-to-case (top) thermal resistance 5.5 °C/W
Reus Junction-to-board thermal resistance 6.0 °C/W
Wr Junction-to-top characterization parameter 4.0 °C/W
Y Junction-to-board characterization parameter 5.8 °C/W
Rescpoty |Junction-to-case (bottom) thermal resistance per GaNFET 1 °C/W

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

9 Electrical Characteristics
T, =-40°C to 150°C, Vgypp = 15V, EN = High (unless otherwise noted). Typical limits apply for Ty = 25°C, Vgypp = 15V

PARAMETER ‘ TEST CONDITIONS ‘ MIN TYP MAX| UNIT

GaN POWER TRANSISTOR

Rps(on) GaN transistor on resistance Vavop = 15V, loutx = 1A, T = 25°C, 205 320 mQ

Rps(on) GaN transistor on resistance Vevop = 15V, loutx = 1A, Ty = 150°C, 370 mQ

Vep Third-quadrant mode source-drain INX = 0V, ISD = 0.1A, T, = 25°C 15 Vv
voltage

Vo Third-quadrant mode source-drain INX = 0V, ISD = 4A, T, = 25°C 28 Vv
voltage

Qrr Reverse recovery charge VR =300V, Isp =4 A, dlgp/dt = 0.2 A/ns 0 nC

SWITCHING CHARACTERISTICS
Phase pin slew rate switching low to high _ .

SR (Rising from 20 % to 80 %) Vym= 300V, SR setting =0 5 V/ns
Phase pin slew rate switching high to low _ .

SR (Falling from 80 % to 20 %) Vym= 300V, SR setting =0 5 V/ins
Phase pin slew rate switching low to high _ L

SR (Rising from 20 % to 80 %) Vym= 300V, SR setting = 1 10 Vins
Phase pin slew rate switching high to low _ S

SR (Falling from 80 % to 20 %) Vym= 300V, SR setting = 1 10 Vins
Phase pin slew rate switching low to high _ S

SR (Rising from 20 % to 80 %) Vym= 300V, SR setting = 2 20 Vins

6 BHEHZBTT 57— RN 2 (ZE SRR GPY) &5 Copyright © 2024 Texas Instruments Incorporated
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9 Electrical Characteristics (%tX)
Ty =—-40°C to 150°C, Vgypp = 15V, EN = High (unless otherwise noted). Typical limits apply for Tp = 25°C, Vgypp = 15V

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Phase pin slew rate switching high to low _ L
SR (Falling from 80 % to 20 %) Vym= 300V, SR setting = 2 20 V/ns
Phase pin slew rate switching low to high _ .
SR (Rising from 20 % to 80 %) Vym= 300V, SR setting = 3 40 V/ins
Phase pin slew rate switching high to low _ L
SR (Falling from 80 % to 20 %) Vym= 300V, SR setting = 3 40 Vins
. ViNHx VINLx = |OgiC low to high, Vym =
tpd,on Propagation delay, turn on 300V, Ip = 4A, SR = 0 125 ns
. ViNHx VINLx = |OgiC low to high, Vym =
tdelay,on Turn on delay time 300V, Ip = 4A, SR = 0 75 ns
. VINHX! VINLX = |OgiC hlgh to |OW, VVM =
tod,off Propagation delay, turn off 300V, Ip = 4A, SR = 0 135 ns
. VINHX! VINLX = |OgiC hlgh to |OW, VVM =
tdelay,off Turn off delay time 300V, Ip = 4A, SR = 0 75 ns
. . Vym = 300V, loytx = 4A, Current going
tbeaD Output dead time (high to low) out of phase node (OUTx) 40 ns
. . Vym = 300V, loytx = 4A, Current going in
tbeaD Output dead time (high to low) o phase node (OUTx), SR = 0 100 ns
. . Vym = 300V, loytx = 4A, Current going in
tbeaD Output dead time (high to low) to phase node (OUTX), SR = 1 or 2 or 3 100 ns
. . Vym = 300V, loytx = 4A, Current going in
tpeaD Output dead time (low to high) to phase node (OUTX) 40 ns
Minimum input pulse width changing the _ _
tmMiIN_PuLSE output low-high-low Vevop = 15V, Vyu = 300V 50 ns
Minimum input pulse width changing the _ _
tmMiIN_PuLSE output high-low-high Vevop = 15V, Vym = 300V 50 ns
; Vevop > Vevpp_uv_on- EN = low to high,
fstar Start up time INLx = 1, low side GaNFET turns ON 2| ms
toff Device turn off time - to sleep Vevop > Vevop_uv_on- EN = high to low 40 80 us
telr_flt Time to clear any latched fault using EN |EN = low pulse witdth 20 40 us
Vevop > Vevop_uv_on: EN = high to
toff Device turn off time- gate driver off low, INLx = 1, low side GaNFET turns 500 ns
OFF
GVDD POWER SUPPLY
| GVDD operating curent, driver enabled, |EN = High, Vy\ = 300V, Vgypp = 15V, 4 mA
GVbD.Q no switching INx =0
GVDD average operating curent, driver |EN = High, Fsw = 20kHz, 3-half bridge
lgvbp,3sw enabled, GaN switching, No load at switching at 50% complimentary PWM, 6 mA
OUTx pins Vym = 300V, VGVDD =15V, SR =0
Vevop_uv_o | gypp undervoltage turn on threshold | GVDD rising 10| V
N
Vevop_uv_o | gypp undervoltage turn off threshold | GVDD falling 9 Y,
FF
Vevop_uv_H | gypp undervoltge detection hysterisis | GVDD rising to falling threshold 500 mv
Ys
tuvLo_ecvop | GVDD undervoltage deglitch time 20 us
BOOTSTRAP POWER SUPPLY
Rps_BsT Bootsrtap rectifier on resistance Vavop = 15V, Vyy = 300V 30 Q
EN = High, Vevop = 15V, Vym = 300V,
ILvT BST Bootstrap rectifier current limit INLx = High, INHx = Low, VgooTx - VouTx 150 250 mA
=12V
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9 Electrical Characteristics (%tX)
Ty =—-40°C to 150°C, Vgypp = 15V, EN = High (unless otherwise noted). Typical limits apply for Tp = 25°C, Vgypp = 15V

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
EN = High, Vgyvpp = 15V, Vym = 300V,
IssT PK Bootstrap rectifier peak transient current |INLx = High, INHx = Low, VgooTx - VouTx 350 mA
=0V
IssT o Bootstrap quiescent current \E/SVZDHi:g:é\I/'\‘I \H/::ol;:YVVTUI;); : I1_c2>\\//v 100 MA
IssT @ Bootstrap quiescent current \E/SV;DHLQ:,’\S\I/’\" \H/)é:o?:g_rl’/g:::: 1"20\;\/ ’ 350 MA
VBsT uv_on |Bootstrap supply undervoltage -turn on 9 V
VBsT uv_ofr | Bootstrap supply undervoltage -turn off 8 \%
VasT UV Hys i(;c;ttsetrr;f)s supply undervoltage 500 mv
tesT LV E:q(;tstrap supply undervoltage deglitch 20 us
LOGIC-LEVEL INPUTS (EN, INHx, INLx, BRAKE)
Vi Input logic low voltage INHx, INLx, BRAKE, EN 0.8 \Y
\m Input logic high voltage INHx, INLx, BRAKE, EN 2.2 Vv
Vhys Input logic hysteresis INHx, INLx, BRAKE, EN 400 mV
L glgxthég’;]lE,Lo)w current (INHx, INLXx, V=0V 1 1 uA
I Input logic low current (BRAKE, EN) V=0V -1 1 MA
Rpp Input pulldown resistance INHx, INLx, EN 70 100 130 kQ
Rpp Input pulldown resistance BRAKE 15 20 25 kQ
tdeg Input logic deglitch time INHXx, INLx 25 50 ns
tdeg Input logic deglitch time EN 150 400 ns
tdeg Input logic deglitch time BRAKE 1200 2000 ns
MULTI-LEVEL INPUT (SR)
R4 SR setting =0 Tied to PGND 0 1 kQ
R.» SR setting = 1 Tied to GVDD 0 1 kQ
Ris SR setting =2 R tied to PGND (R =5 kQ to 15 kQ) 5 15 kQ
Ri4 SR setting = 3 R tied to PGND (R =40 kQ to 100 kQ) 40 100 kQ
OPEN-DRAIN OUTPUTS (HV_nFAULT)
VoL Output logic low voltage lop =5 mA 0.4 \Y
lon Output logic high current Vop=5V -1 1 MA
Cop Output capacitance 30 pF
GaN PREDRIVER PROTECTION
locp_GaN Overcurrent detection threshold Vevop = 15V, Vyy = 300V, T,=25°C 7.5 A
locp_Gan Overcurrent detection threshold Vavop = 15V, Vyum = 300V, T,=125°C 5 A
locp_an_gT |Blanking time (including deglitch) Vevop = 15V, Vyy = 300V 150 ns
locp_can_pp |Propagation delay (to FET turn off) Vevop = 15V, Vyy = 300V 50 ns
Tsp_RISE Thermal shutdown rising Die temperature (T, ) 145 165 185 °C
Tsp_FALL Thermal shutdown falling Die temperature (T, ) 125 145 165 °C
Tsp_HysT Thermal shutdown hysteresis Die temperature (T, ) 20 °C
CURRENT LIMIT COMPARATOR
lp Input bias current (ILIMIT) Viumir = 0.5V 1 MA
Vot Input voltage offset 2.5 mV
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9 Electrical Characteristics (%tX)
Ty =—-40°C to 150°C, Vgypp = 15V, EN = High (unless otherwise noted). Typical limits apply for Tp = 25°C, Vgypp = 15V

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
ViLwiT ois :/I:)III:/IaIs;I'eto disable threshold minimum 29 25 Vv
ViomiT Voltage range at ILIMIT 2 Vv

Over current detection blanking on all
thlank SLx inputs, from any INHx/INLx turn on/ 400 620 ns
off

tdeglitch Overcurrent detection de-glitch time 190 330 ns
tfitter Input RC filter time (SLx) Vg x = 0to 1V step, VILIMIT = 0.63V 250 450 ns
tfiter Input RC filter time (ILIMIT) Viuwir = 1 to OV step, Vg« = 0.37V 600 1000 ns
¢ Over current detection to all GaN turn off |V, it = 0.63V, Vg x =01to 1V step, INx 12 s
pd_OFF delay = constant H
t Qver current detection to HV_nFAULT Viumi = 0.63V, Vg 4 = 0to 1V step, INx 1 us
pd_FAULT pin report delay =constant
t oir Zztu;::t(i:loenar time after over current 40 65 us
OPERATIONAL AMPLIFIER
VLINEAR Output voltage swing R, = 10k to GND 0.02 49 \%
GBW Gain bandwidth product RL= 10k, G = +1 11 MHz
VsR opamp | Output voltage slew rate RL= 10k, G = +1 15 V/us
tset Settling time to £1% 2-V step, G =+1, CL = 130 pF, RL = 10k 0.4 us
AoL Open-loop voltage gain ?c;oél\}/; VAMPOUT <4.8V, RL =10kQ 106 dB
Pm Phase margin G =+1, RL =10k 60 °
Veom Common mode input range 0 5 V
Vorr Input offset voltage error TA = —-40°C to 125°C +1 mV
VDRIFT Drift offset TA = —-40°C to 125°C +0.5 uv/eC
lbias Input bias current Vampin- = Vavpin: = 2.5V +100 nA
lpias_off Input bias offset current Vamein- = Vavpin: = 2.5V +10 nA
CMRR Common mode rejection ratio ;205'JCV <VCM<5V,TA=-40°Cto 96 dB
Isc_opamp Short-circuit current 120 mA
Z, Open-loop output impedance f=5MHz 250 Q
CL Capacitive load drive 130 pF
TEMPERATURE SENSOR
vy ;I'\?_rrné)l\(jllg)tli/roeltzzrése element output TA = 25°C 1.08 v
Rt Load resistance on VTEMP pin 90 kQ
Cr g/ilra:ximum load capacitance at VTEMP 130 oF
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10-1. DRV7308 Turn On and Turn Off Switching Characteristics

11 Typical Characteristics

24
23
22
21

1.9
1.8
1.7
1.6
15
14
1.3
1.2

Output Voltage (V)

N

40 20 0 20 40 60 80 100 120

Sensor Temperature (°C)

140

11-1. Temperature Sensor Output Across Sensor Temperature
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12 Detailed Description

12.1 Overview

The DRV7308 is a three-phase IPM, with three integrated half-H-bridge 205mQ, 650V e-mode Gallium-Nitride
(GaN) for driving three-phase BLDC/PMSM motors up to 450V DC rails. The device applications include field-
oriented control (FOC), sinusoidal current control, and trapezoidal current control of BLDC motors. The device
integrates pre-drivers for all GaNFETs with slew rate control of phase node voltages. The low Rpg on, slew rate
control, zero reverse recovery, and low output capacitance help achieve more than 99% efficiency for a 3-phase
modulated, FOC driven, 250W motor drive application, eliminating the need for heat sink.

The device integrates a suite of protections including overcurrent limit, overtemperature protection, overcurrent
protection for all the GaN FETs, undervoltage protection for the GVDD and bootstrap power supplies, and
adaptive dead time insertion to avoid shoot through conditions.

The device integrates a bootstrap rectifier with integrated GaN FET and a transient current limit, which
eliminates the need for an external boot diode. The DRV7308 brings out all three low-side source pins of the
GaN FETs to support 3-,2-, or 1-shunt current sensing. The device integrates an 11MHz, 15V/us operational
amplifier for single shunt current sensing in FOC and trapezoidal control of BLDC motors.

The low dead time helps achieve ultra quiet operations in BLDC/PMSM motors. The low propagation delay helps
achieve lower distortion and accurate average current sensing.

The DRV7308 is available in a VQFN 12mm x 12mm package.
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12.2 Functional Block Diagram

Covopz| Covopi

Regulator

INLC

1/0 Control

EN R
INHA I . %
INLA I% N
INHB I N %
INLB I%

% Input
INHC Control

BRAKE
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Riv_nrautr

L

Lt

HV_nFAULT

L

> Vavop

UVLO (GVDD & Vgoory) protection

Protection

Over temperature protection

Over current protection

Adaptive dead time

Digital
Core

Output

ok

T

GVDD
——»]

Boot Circuit
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HS Predriver Stage

current |
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OUTA
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BOOTB
%OUTB
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Caoorc
VM
—
T T 1
CVNH CVMZ CVM3

- outa

LS Predriver Stage

e Regulator OCP, OTP,
€ uvLo

LS Pre-
driver

Slew rate
control

OouTB

OuUTC

current |

—iL

Over Current Limit Comparators

[&—— SLA
- I
VTEMP
4—[ ste Single shunt Opamp —
3.3V/5V/GVDD Vavop
ste AMPOUT - Elzt AMPIN+
ILIMIT . [— AvPin-
R2 ILIMIT —
- 1
AMPOUT =
; PGND
B 12-1. DRV7308 Block Diagram
12.3 Feature Description
3% 12-1 lists the recommended values of the external components for the driver.
# 12-1. DRV7308 External Components
COMPONENTS PIN1 PIN2 RECOMMENDED

Cvm1 VM PGND X5R or X7R, 0.1uF, VM-rated capacitor
Cym2 VM PGND X5R or X7R, 0.1uF, VM-rated capacitor (optional)
Cvms VM PGND = 10uF, VM-rated capacitor
CcvbD1 GVDD PGND X5R or X7R, 0.1uF, GVDD-rated capacitor
Cevpb2 GVDD PGND 2 10uF, VM-rated capacitor
CgooTA BOOTA OUTA X5R or X7R, 1uF to 220uF, GVDD-rated capacitor
CgooTs BOOTB ouTB X5R or X7R, 1yF to 220uF, GVDD-rated capacitor
CgooTc BOOTC OouTC X5R or X7R, 1uF to 220uF, GVDD-rated capacitor
Rsr SR PGND Based on slew rate setting
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# 12-1. DRV7308 External Components (ftX)

COMPONENTS PIN1 PIN2 RECOMMENDED
RHv_nFauLT HV_nFAULT 3.3V/ 5.5V / GVDD |5.1kQ, Pullup resistor
R1 ILIMIT 3.3V/ 5.5V / GVDD |Based on required ILIMIT threshold
R2 ILIMIT PGND Based on required ILIMIT threshold

Tl recommends to connect pull up on HV_nFAULT even if not used.

12.3.1 Output Stage

The DRV7308 device consists of integrated 205mQ (one GaN FET on-state resistance) enhancement mode
GaN (EGaN) FETs connected in a three-phase bridge configuration. The device integrates a pre-driver for low-
side and high-side GaN FETs using an integrated bootstrap controller and rectifier using a low voltage external
power supply at GVDD. An appropriately used external bootstrap capacitor offers 100% duty cycle support for a
defined time.

12.3.2 Input Control Logic

The DRV7308 controls the state of the GaN FET based on the PWM input signals at the INHx and INLx pins.
The device uses the BRAKE signal to apply brake to motor drive. A logic high at the BRAKE signal overrides the
INHx and INLx pins and turns on all low side GaN transistors. The device enters shutoff mode (all the gate
drivers and GaN FETs in off state) and ignores the status of the INHx, INLx, and BRAKE pins when a logic low
on the EN pin occurs. A 20-40us logic low pulse at the EN pin resets the device from OCP and OTP faults. The
truth table for the input control logic is shown in 3% 12-2.

£ 12-2. Input Control Logic
HIGH SIDE GAN | LOW SIDE GAN

EN BRAKE INHx INLx FET FET DESCRIPTION

0 X X X OFF OFF Device in shutdown and all outputs in Hi-Z

1 1 x x OFF ON | iheide Gail FETR are OFF o
1 0 1 1 OFF OFF OUTx in Hi-Z

1 0 0 0 OFF OFF OUTx in Hi-Z

1 0 1 0 ON OFF OUTx connected to VM

1 0 0 1 OFF ON OUTx connected to SLx node

12.3.3 ENABLE (EN) Pin Function

When the EN pin is low, the device goes to a low-power sleep mode. In sleep mode, all GaNFETs are turned off
—the Gan pre-drivers, integrated op amp, temperature sensor, GaN OCP, digital core LDO, and oscillators are
all turned off. The tys time must elapse after a falling edge on the EN pin before the device goes to sleep mode.
The device comes out of sleep mode automatically if the EN pin is pulled high. The tg,t time must elapse before
the device is ready for inputs.

b2
During power up and power down of the device through the EN pin, the HV_nFAULT pin is held low as

the internal regulators are enabled or disabled. After the regulators have enabled or disabled, the
HV_nFAULT pin is automatically released.

12.3.4 Temperature Sensor Output (VTEMP)

DRV7308 incorporates a temperature sensor that senses the device temperature. The output of the temperature
sensor is an analog voltage that varies across temperature.
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12.3.5 Brake Function

The BRAKE pin provides a means to turn on all the low-side GaNFETs, independent of INHx and INLx pin
status. The brake pin has an internal pull down. Connect the BRAKE pin to GND externally if not used. A logic
high on the BRAKE pin places the device into brake by turning on all the low-side GaNFETs.

Use caution while applying the BRAKE high command, as this can cause very high current driven by
the motor back EMF. During BRAKE operation, the maximum current through the GaNFET must be a
value that is within the operating limits of the GaNFET current and junction temperature .

12.3.6 Slew Rate Control (SR)

The DRV7308 can optionally control the slew rate of the voltage rise and fall at the OUTx pins through the
configuration of the SR pin. The user can set slew rates of 5V/ns, 10V/ns, 20V/ns, or 40V/ns by configuring the
SR pin. The slew rate is controlled by adjusting the gate current of GaNFETSs.

A
VOUTx

VM

K 12-2. DRV7308 Slew Rate Control

pac
At higher slew rates of 20V/ns and 40V/ns, Tl recommends adding a capacitor across the shunt
resistors that have an RC time constant of 50ns.

pa
For PDRV7308, the high-side GaN FET slew rate is fixed at a 10V/ns setting, and the slew rate control
feature is not available for high-side GaN FET. The low-side GaN FET slew rate is adjustable based
on the SR pin setting.

12.3.7 Dead Time

The device is fully protected for any cross conduction of GaNFETs. In half-bridge configuration, the operation of
the high-side and low-side GaNFETs are controlled to avoid any shoot-through currents by inserting dead time
(toeap)- This process is implemented by using an adaptive dead time circuit that senses the gate-source voltage
(VGS) of the low-side GaNFET and the phase node (OUTXx) voltage of the same half-bridge.

12.3.8 Current Limit Functionaity (ILIMIT)

The DRV7308 incorporates a current limit functionality that monitors SLx voltages. DRV7308 has three
integrated comparators, each monitoring voltage at SLA, SLB, and SLC pins separately. The reference voltage
of all three comparators is fed externally using the ILIMIT pin. A voltage less than 2V at the ILIMIT pin enables
the current limit circuitry and when the SLx voltage goes beyond the ILIMIT pin voltage, the device turns off all
GaNFETs for a time trc r- The GaNFETSs turn on again after tec g time elapses, depending on the status of input
control signals. The ILIMIT functionality can be disabled by pulling up the ILIMIT pin voltage to more than

ViLmiT pis-

The overcurrent comparator has a blacking time of t,3nx on every edge of INHx and INLx. The comparator also
has a deglitch time of tgegitch , When the comparator output toggles from low to high.
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g2

TI recommends an ILIMIT voltage of more than 0.1V to eliminate false trips due to noise. Use system-
level design considerations by selecting an appropriate voltage at ILIMIT to eliminate any noise impact
and select the shunt resistor value at SLx pins accordingly.

12.3.9 Pin Diagrams

This section presents the /O structure of all digital input and output pins.

12.3.9.1 Four-Level Input Pin

12-3 shows the structure of the four-level SR pin.

STATE STATUS
Vio Tied to GND
Vi Tied to GVDD
v, Tied to GND using
L2 5kQto 15 kQ
v, Tied to GND using
L3 40 kQ to 100 kQ

12.3.9.2 Open-Drain Pin

& 12-3. Four-Level Input Pin

o

-
|

CONTROL
20 kQ I\I\ Setting-0
el VAVAY i
T I/_ Setting-1
ESD Rep
— Setting-2
JT_ — Setting-3

12-4 shows the structure of the open-drain output pin, HV_nFAULT in open-drain mode. The open-drain
output requires an external pullup resistor to function properly.

STATE STATUS
No Fault Pulled-Up
Fault Pulled-Down

12-4. Open-Drain Pin Structure

3.3V/I5V/
GVDD

Rey

12.3.9.3 Logic-Level Input Pin (Internal Pulldown)
12-5 shows the input structure for the logic level pins EN, INHx, INLx, ILIMIT, BRAKE. The input can be with a

voltage or external resistor.

ESD

L

OUTPUT

Inactive

Active

L

STATE STATUS INPUT
ViH Logic High 20 kQ Logic High
] A T
) L ]’ .
Vi Logic Low Logic Low
ESD Rep L

12-5. Logic-Level Input Pin Structure
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12.4 Protections

The DRV7308 integrates GaN FET overcurrent protection (GaN_OCP), overtemperature shutdown (OTSD),
GVDD and bootstrap supply undervoltage protection (GVDD_UVLO and VBOOT_UVLO), and current limit
(ILIMIT). # 12-3 summarizes various faults details.

£ 12-3. Fault Action and Response

FAULT CONDITION REPORT GAN BRIDGE RECOVERY
GaN overcurrent GaN FET current > HV nFAULT All GaN pre-drivers turn off Latched. 20us to 40us toggling pulse
protection (GaN_OCP) locp - resulting Hi-Z (all three phases) | on EN pin or GVDD power recycling
SLx overcurrent limit All GaN pre-drivers turn off .
(OCL) V st Viumi HV_nFAULT resulting Hi-Z (all three phases) Retry. After a fault clear time > tr ¢ r
All GaN pre-drivers turn off Automatic: Vgypp_uvio >
GVDD undervoltage Vevop < Vevop_uv | HV_nFAULT resulting Hi-Z (all three phases) VGvDD_UVLO ON
Boot supply undervoltage The impacted high-side GaN
(voltage between BOOTx | Vgootx < VBST UV - pre-drivers turn off. All other Automatic: VeooTx > VBsT Uv_ON
and OUTx pin) GaNFETSs continue to operate.
Thermal shutdown T, > Tsp, for any HV nFAULT All GaN pre-drivers turns off Latched. 20us to 40us toggling pulse
(OTSD) GaNFET - resulting Hi-Z (all three phases) | on EN pin or GVDD power recycling

12.4.1 GVDD Undervoltage Lockout

If at any time the voltage on the GVDD pin falls lower than the Vgypp yv threshold, all integrated GaNFETs are
turned off by turning off the GaNFET pre-drivers. Normal operation starts again when the GVDD_UV condition
clears. The GVDD_UV is reported by driving the HV_nFAULT pin low.

—————— Vavop_uv_on

—————— Vevoo_uv_orr

! i !
GLx ! : !
! |
HV_nFAULT

Eq 12-6. GVDD Under voltage Lockout

12.4.2 Bootstrap Undervoltage Lockout

If at any time the voltage across the bootstrap capacitor (BOOTx to OUTx voltage) pin falls lower than the
Vgst uv threshold, the corresponding high-side GaNFET is turned off by turning off the high-side pre-driver. All
the other GaNFETs continue to work as commanded by the INx pin. Normal operation starts again at the next
rising edge of INHx pulse after the BST_UV condition clears. The BOOTx undervoltage is not reported on
HV_nFAULT pin.
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VBST_UV_ON
VBST_UV_OFF

VBOOT)('VOUTX

JHUUUUE UL UL
1
1
INLx
i
GHx |

1
i :
Glx — 1 .

HV_nFAULT J

B 12-7. Bootstrap Undervoltage Lockout

12.4.3 Current Limit Protection

The DRV7308 integrates three comparators to protect the device, and external motor load, due to overload
scenarios. DRV7308 has three integrated comparators, each monitoring voltage at SLA, SLB, and SLC pins
separately. A voltage less than 2V at the ILIMIT pin enables the current limit circuitry and when the SLx voltage
goes beyond the ILIMIT pin voltage, the device turns off all GaNFETs for a time trc g. The GaNFETs turn on
again after trc g time elapses, depending on the status of input control signals. The current limit is reported by
driving the HV_nFAULT pin low.

V|LIMIT

J e e
R T

B e

L

INHx

INLx

GHx

ot
o
o
o

GLx

HV_nFAULT

12-8. Current Limit Operation

12.4.4 GaNFET Overcurrent Protection

The DRV7308 integrates overcurrent protection for each high-side and low-side GaNFET by monitoring the VDS
of the GaNFETs. If at any time, the GaNFET current goes more than locp gan, all of the integrated GaNFETs are
turned off by turning off the GaNFET pre-driver, and latched until cleared through a 20us to 40us toggling pulse
on the EN pin or by a GVDD power recycling. The overcurrent event is reported by driving the HV_nFAULT pin
low.
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FET drain current

EN

INHx or INLx J

GHx or GLx I
[}

HV_nFAULT

12-9. GaNFET Over current Protection

—NI tow pr —+
1
1
1
1
1
1
1
]
T
1
1
1
1
1

12.4.5 Thermal Shutdown (OTS)

If the die temperature near GaNFET exceeds the trip point of the thermal shutdown limit (Totgp), all the
GaNFETs are disabled, and the HV_nFAULT pin is driven low. Normal operation starts again (driver operation
and the HV_nFAULT pin is released) when the overtemperature condition clears and the fault is cleared through
a 20us to 40us toggling pulse on the EN pin or by a GVDD power recycling.
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13 Layout

13.1 Layout Guidelines

The bulk capacitor must be placed to minimize the distance of the high-current path through the motor driver
device. The connecting metal trace widths must be as wide as possible and numerous vias must be used when
connecting PCB layers. These practices minimize inductance and allow the bulk capacitor to deliver high current.

Small-value capacitors such as the GVDD decoupling capacitor, high frequency capacitor on VM pin to PGND,
and the bootstrap capacitors must be placed close to device pins.

To minimize the power loop area, place the shunt resistors close to the device SLx pins and use copper polygon
on the end of the shunt resistor, and return the current pack to the decoupling capacitor on the VM pin with a
wider trace on the top layer, or through a copper polygon on the bottom layer with a sufficient number of stitching
vias.

To improve thermal performance, maximize the copper planes on OUTx and PGND nets. To maximize the
thermal performance, use multiple stitching vias on the OUTx pads and PGND pads and use larger copper
planes on the top and bottom layers, as shown in the [X] 13-1.

The decoupling capacitor on the VM pin can be connected to any one side VM pin or to both the pins. The VM
pins are internally shorted in the device and there is no need to short externally on the PCB.

13.2 Layout Example

0000000 o
0000000 o

o
oooooog—Po°
000000 5 ®
0000000 o ©°

Mg

™
°°°° 00 | I

o

Eq 13-1. Recommended Layout for VQFN Package
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15 Mechanical, Packaging, and Orderable Information

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

15.1 Tape and Reel Information

REEL DIMENSIONS TAPE DIMENSIONS
4 [ KO [« P1-]
oo 6 O[O0 O O T
Z
of o ol B0 W
Reel | | l
Diameter
Cavity $| A0 |¢
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
v W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers

t Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE

o O O O O O 0O 0O O Sprocket Holes
| |
[ [
Q1 : Q2 Q1 : Q2
4--g--1 t--1-—-1-I
Q3 | Q4 Q3 1 Q4 User Direction of Feed
| w A | v
T T
~
Pocket Quadrants
Reel Reel "
Device Package | Package | pins sPQ Diameter | Width W1 D 0 b i & A
ype rawing (mm) (mm) (mm) (mm) (mm) (mm) (mm) uadran:
DRV7308HRENR VQFN REN 65 2000 330.0 24.4 12.4 12.4 1.5 1.5 24.4 Q1
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TAPE AND REEL BOX DIMENSIONS

Device Package Type | Package Drawing | Pins | SPQ Length (mm) | Width (mm) | Height (mm)
DRV7308HRENR VQFN REN 65 2000 12.4 12.4 1.5
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’ PACKAGE OUTLINE
RENOO65A VQFN - 1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD
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NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.

2. This drawing is subject to change without notice.

3. The package thermal pad(s) must be soldered to the printed circuit board for thermal and mechanical performance.

i3 Texas
INSTRUMENTS

www.ti.com

22 BHEHZBTT 57— RN 2 (ZE SR RB G PY) &5 Copyright © 2024 Texas Instruments Incorporated

Product Folder Links: DRV7308
English Data Sheet: SLVSGJ9


https://www.ti.com/product/jp/drv7308?qgpn=drv7308
https://www.ti.com/jp/lit/pdf/JAJSN01
https://www.ti.com/jp
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSN01&partnum=DRV7308
https://www.ti.com/product/jp/drv7308?qgpn=drv7308
https://www.ti.com/lit/pdf/SLVSGJ9

i3 TEXAS
INSTRUMENTS

www.ti.com/ja-jp

DRV7308
JAJSNO1T — MAY 2024

RENO0065A

EXAMPLE BOARD LAYOUT
VQFN - 1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD
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SOLDER MASK DETAILS
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NOTES: (continued)

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

5. Vias are optional depending on application, refer to device data sheet. If some or all are implemented, recommended via locations are shown.
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EXAMPLE STENCIL DESIGN
RENOO65A VQFN - 1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD
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SOLDER PASTE EXAMPLE
BASED ON 0.125mm THICK STENCIL

PRINTED SOLDER COVERAGE BY AREA UNDER PACKAGE
PADS, 24-29 & 60-65: 86%
FUSED PADS 30-31 & 58-59: 81%
PAD CONNECTED TO PINS 32 36 &53-57:72%

PADS 67 GB & 69 BD%
PAD 71: 70%
PAD 72: 72%

4229052/C 01/2024

NOTES: (continued)

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

Orderable Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @ Ball material ® (415)
(6)
PDRV7308HRENR ACTIVE VQFN REN 68 3000 TBD Call Tl Call T -40to 125

@ The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

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

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

OBSOLETE: Tl has discontinued the production of the device.

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

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

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

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

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

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

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

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