S/IERGY

SA52902

H- Bridge Gate Drivers for Automotive Applications

General Description

The SA52902 is a compact H-bridge gate driver designed
to control high-side and low-side N-channel power
MOSFETSs. The device integrates driver power supplies,
a current shunt amplifier, and protection monitors. The
protection monitors include undervoltage and overvoltage
monitors, Vps overcurrent and Ves gate fault monitors for
the external MOSFETS, off-state open load and short-
circuit protection, sleep mode braking, a limp home
function, and internal thermal warning and shutdown. A
compact QFN5x5-32 (with wettable flanks) package is
utilized to minimize peripheral circuit design.

Features

* H-Bridge / Half-Bridge Gate Drivers
= Double Charge Pump Supports 100% PWM
= Supports Half-Bridge, H-Bridge, and SPI Control
Modes
* Smart Gate Driver Architecture
= 0.5mA-62mA, 16-level Peak Source/Sink Current
Output (SPI Configured)
» |ntegrated Dead-Time Handshaking (8-level
Configurable)
*  Wide Common-Mode Current Shunt Amplifier
= Supports Inline, High-Side or Low-Side Current
Sensing
= Configurable Gain Settings: 10, 20, 40, 80V/V
= Adjustable PWM Blanking Scheme
* SPI: Comprehensive Configuration and Diagnostics
* Spread Spectrum Clocking to Reduce EMI
* Integrated Protection Features:
= Supply and Regulator Voltage Monitors
» MOSFET Vbs Overcurrent and Ves Gate Fault
Monitors
» Dedicated Driver Disable Pin (DRVOFF)
= Fault Condition Indicator Pin (nFLT)
= Device Thermal Warning and Shutdown
= Charge Pump for Reverse Polarity MOSFET
= Off State Open Load and Short Circuit Diagnostics
= Sleep-Mode Motor Brake
= Limp Home Function
* MSL Rating: MSL1
* QFN5x5-32 Package (Wettable)
* AEC-Q100 Qualified

Applications

e Power Seat Modules

e Power Trunk and Lift Gate

e Door Module

e Automotive Brushed DC Motors
* Body Control Modules
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Typical Application
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Figure 1. SA52902 Typical Application Circuit
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Ordering Information

Pinout (Top View)

Ordering Part
9 Package Type Top Mark 282,
Number Taosersy
0ooo>on00no
QFN5x5'32
SA52902QEQ RoHS Compliant and HNBXyZ O S533388Q
Halogen Free GND [i1
. DVDD [i2
Device code: HNB nsCS (73
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Pin No | Pin Name | IO Type Pin Description
1 GND I0 | Ground | Device ground. Connect this pin to the system ground.
Supplies power to the device’s logic and digital output circuits. A 1.0pF, 6.3V
2 DVvVDD I Power | ceramic capacitor should be placed between DVDD and GND pins for stable
operation.
. Serial chip select. Driving this pin low activates SPI communication. Includes an
3 nSCS I Digital internal pullup resistor.
- Serial clock input. Serial data is transmitted and received on the corresponding
4 SCLK I Digital - . oo . .
rising and falling edges of this pin. Includes an internal pulldown resistor.
- Serial data input. Data is received on the falling edge of the SCLK pin. Includes
5 SDI I Digital : :
an internal pulldown resistor.
6 SpDO o Digital Serial data output. Data is transmitted on the rising edge of the SCLK pin. Push-
pull output.
7 INL/EN | Digital gjllzt;\r,:/?]ge control input. Refer to PWM mode description for details. Internal
8 AHIZ1 | Digital Half-bridge control input. Refer to PWM mode description for details. Internal
pulldown.
9 IN2/PH | Digital gjllzg\r,:/?]ge control input. Refer to PWM mode description for details. Internal
10 AHIZ2 | Digital Half-bridge control input. Refer to PWM mode description for details. Internal
pulldown.
11 nSLEEP | Digital Device enable pin. Drlvmg this pin low will shu_t down the device and it will enter
sleep mode. Includes an internal pulldown resistor.
DRVOEE/ Multi-function pin for either driver shutdown input or Limp home input. When
12 LIMP I Digital | used as DRVOFF, logic high to pull down both high-side and low-side gate driver
output. When used as LIMP, logic high to activate the limp home function.
13 nELT o Digital Faqlt indicator output. This pin is driven Iow_to signal a fault condition. Open-
drain output. Requires an external pull up resistor.
14 SO 0] Analog | Shunt amplifier output.
15 BRAKE | Digital Powered-off braking pin. A Iog|c.h|gh enables Iow-S|d¢ gate drivers while in low-
power sleep mode. Includes an internal pulldown resistor.
16 AREE | Power Provides external voltage reference and power supply for the current sense
amplifiers. Connect a 0.1uF, 6.3V ceramic capacitor between AREF and AGND.
17 AGND 10 Power | Device ground. Connect to system ground.
18 sp | Analog Positive input of_the shunt amplifier. Connect to the positive terminal of the
current shunt resistor.
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19 SN | Analog Negative input of the shunt amplifier. Connect to the negative terminal of the
current shunt resistor.
20 GH1 o Analog High-side gate driver output. Connect to the gate of the high-side power
MOSFET.
21 SH1 I Analog | High-side source sense input. Connect to the high-side power MOSFET source.
22 GL1 ®) Analog | Low-side gate driver output. Connect to the gate of the low-side power 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.
25 GL2 ®) Analog | Low-side gate driver output. Connect to the gate of the low-side power MOSFET.
26 SH2 I Analog | High-side source sense input. Connect to the high-side power MOSFET source.
27 GH2 o Analog High-side gate driver output. Connect to the gate of the high-side power
MOSFET.
Voltage sense input for the bridge MOSFET drains. Connect to the common
28 DRAIN ! Analog node of the high-side MOSFET drains.
Device driver power supply input. Connect to the bridge power supply. Connect
29 PVDD I Power | a 0.1uF, PVDD-rated ceramic capacitor and local bulk capacitance greater than
or equal to 10pF between PVDD and GND.
30 VCP 0 Power g\r}aDrge pump output. Connect a 1uF, 16V ceramic capacitor between VCP and
Charge pump switching node. Connect a 100nF, PVDD-rated ceramic capacitor
31 CPH 10 Power between CPH and CPL.
Charge pump switching node. Connect a 100nF, PVDD-rated ceramic capacitor
32 CPL 10 Power between CPH and CPL.
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Block Diagram
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Figure 2. SA52902 Block Diagram
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Absolute Maximum Ratings
Parameter (Note 1) Min. Max. Unit
PVDD -0.3 40 \Y,
DRAIN -0.3 40 \Y,
AGND/GND -0.3 0.3 \Y,
VCP -0.3 55 \Y,
CPH Vpvbp-0.3 Vvcp+0.3 \%
CPL -0.3 Vpvbp+0.3 \Y
DVDD -0.3 5.75 \Y,
DRVOFF/LIMP, IN1/EN, IN2/PH, nHIZx, nSLEEP, nSCS, SCLK, SDI, BRAKE -0.3 5.75 \Y,
nFLT,SDO -0.3 Vovop+0.3 V
GHx -2 Vvcp+0.3 \Y
GHx (transient 1ps) -5 Vvep+0.3 Y,
GHXx (with respect to SHx) -0.3 13.5 \%
SHx -2 40 Y,
SHx(transient 1us) -5 40 Y,
GLx -2 13.5 Y,
GLx (transient 1ps) -3 13.5 Y,
GLx (with respect to PGNDx) -0.3 13.5 \%
SLx -2 2 Y,
SLx (transient 1us) -3 3 Y,
AREF -0.3 5.75 Y,
SN, SP -2 Vvcp+0.3 V
SN, SP (transient 1us) -5 Vvep+0.3 \%
SN, SP (differential voltage) -5.75 5.75 \%

HBM (Human Body Model) 2000
Electrostatic Discharge CDM (Charge Device Model) corner pins 750 \%
CDM (Charge Device Model) other pins 500

Ambient Temperature Range -40 125 °C
Junction Temperature (Tj) -40 150 °C
Storage Temperature -55 150 °C

Thermal Information
Parameter (Note 2) Value Unit
04 Junction-to-Ambient Thermal Resistance (QFN5x5-32) 40.8 oCMW
Bic Top Junction-to-Case Thermal Resistance (QFN5x5-32) 7.6

Recommended Operati ng Conditions (Al voltages are referenced to GND unless otherwise noted.)

Parameter (Note 3) Min. Max. Unit
Driver Power Supply Voltage, PVDD 4.9 37 \%
High Side Average Gate Drive Current, GHx 0 15 mA
Low Side Average Gate Drive Current, GLx 0 15 mA
Digital Power Supply Voltage, DVDD 3 55 \%
Digital Input Voltage, DRVOFF/ LIMP, IN1/EN, IN2/PH, nHIZx, nSLEEP, nSCS, SCLK, 0 55 v
SDI, BRAKE

Digital Output Current (SDO) 0 5 mA
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Open Drain Pullup Voltage, nFLT 0 5.5 \%
Open Drain Output Current, nFLT 0 5 mA
3
0

Amplifier Reference Supply Voltage, AREF 5.5 \%

Amplifier Output Current, SO 5 mA

Operation Ambient Temperature Range -40 125 °C

Operation Junction Temperature Range -40 150 °C
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Electrical Characteristics

Ta =-40°C to 125°C, Vevop=4.9V to 37V, Typical Vpvop=13.5V and Ta=25°C, unless otherwise specified. (Note 4)

Parameter | Symbol | Test Conditions [ Min. Typ. | Max. [ Unit
Power Supply Current(DRAIN,DVDD,PVDD,VCP)
PVDD Sleep Mode Current IpvoDQ Vevop,Vorain=13.5V,nSLEEP=0V 3.5 5 HA
DRAIN Sleep Mode Current IorAING Vpevop, Vorain=13.5V,nSLEEP=0V 0.1 1 uA
DVDD Sleep Mode Current Iovobg Vpevop, Vorain=13.5V,nSLEEP=0V 0.1 2 uA
PVDD Active Mode Current IpvoD Vpvop, Voran=13.5V,nSLEEP=5V 4 6 mA
DRAIN Active Mode Current IbrRAIN Vpvop, Vorain =13.5V, NSLEEP=5V, Vps_Lv.<500mV 335 410 WA
DVDD Active Mode Current Iovop Vovop=5V,SDO=0V 2 3.5 mA
Digital Oscillator Switching Frequency fosc Primary frequency of spread spectrum 14.25 MHz
Turn on Time twake NSLEEP =5V to active mode 1 ms
Turn off Time tsLeep NSLEEP =0V to sleep mode 1 ms
Vpvop 213V, lveps 15mA 9.5 10.5 11
Charge Pump Regulator Voltage with Vevop =11V, lvepr<15mA (Note 5) 8.4 10 11
Respect to PVDD Double Mode Vvep Vpvop =9V, Iveps 11mMA 6.95 8 9 \Y
Vpvop =7V, lvers 7.5mA (Note 5) 5.4 6 7
Vpvop=5.5V, lvcp<bmA 4.35 5 55
Charge Pump Switching Frequency fvcp Primary frequency of spread spectrum 400 kHz
Logic-Level Inputs(BRAKE,DRVOFF/LIMP,IN1/EN,IN2/PH,nHIZx,nSLEEP,nSCS,SCLK,SDI)
DRVOFF/LIMP, IN1/EN, IN2/PH, nHIZx, nSLEEP, Vovop*0.7 Vovon
Logic “1” Input Voltage Vin SCLK, SDI
BRAKE 1.8 Vbvbb
DRVOFF/LIMP, IN1/EN, IN2/PH, nHIZx, nSLEEP,
- apy 0 Vovop*0.3 \
Logic “0” Input Voltage ViL SCLK, SDI
BRAKE 0.6
DRVOFF/LIMP, IN1/EN, IN2/PH, nHIZx, nSLEEP, Vovop*0.1
Input Voltage Hysteresis Vinys SCLK, SDI
BRAKE 0.3
Voin=5V, DRVOFF, INL/EN, IN2/PH, nHIZx, nSLEEP, 50 100
SCLK, SDI
High Level Logic Bias Current liNH Voin=5V, Vovoo=5V, nSCS -1 1
Voin=5V, nSLEEP=0V, BRAKE 5
Voin=5V, nSLEEP=5V, BRAKE 47.5 WA
Vpin=0V,BRAKE,DRVOFF/nFLT, IN1/EN,IN2/PH, 1 1
Low Level Logic Bias Current liNL NSLEEP, SCLK, SDI
Voin=0V, nSCS 50 80
| 'SI'(():I(_BISDS,DDIRVOFF, IN1/EN, IN2/PH, nHIZx, nSLEEP, 50 100 150
Input Pulldown Resistance Rpp To GND, nSLEEP=0V, BRAKE 1000 KQ
To GND, nSLEEP=5V, BRAKE 100
Input Pullup resistance Rpu To DVDD, nSCS 50 100 150
Logic-Level Outputs (nFLT, SDO)
Output Logic Low Voltage VoL Ibout = 5MA 0.5 Vv
Output Logic High Voltage VoH Ipout =-5mA, SDO Vbvpp*0.8
Open-drain Logic High Current lobz Vop =5V, nFLT -1 1 uA
Gate Drivers (GHx, GLx)
GHx Low Level Output Voltage VGhx_L IbRVN_Hs = IsTrRONG, leHx = IMA, GHX to SHx 0 0.25 \
GLx Low Level Output Voltage Veix L IbrRVN_Ls = IsTrRONG, lolx = IMA, GLX to SLx 0 0.25 \
GHx High Level Output Voltage VGHx_H Iorvp_Hs = IHoLp, leHx = IMA, VCP to GHx 0 0.25 \%
gRL\;P{;sS:LLHOLD, loix = TmMA, 10.5V<Vpypp<37V, 8.35 105 125 v
GLx High Level Output Voltage Vo n IbrvP_Ls = IHoLp, leix = ImMA, 4.9V < Vpypp < 10.5V, 83 v
GLx to SLx
Ibrve_x=0000b, Vesx=3V Vpvop27V 0.2 0.5 0.8
Iprve_x=0001b, Vsx=3V Vpvpp27V 0.5 1 1.5
Iorve_x=0010b, Vsx=3V Vpvpop27V 1.3 2 2.7
Peak Gate Current (source) SPI Control IprVP_sPI Iorve_x=0011b, Vesx=3V Vpvpp27V 2.1 3 3.9 mA
Iorve_x=0100b, Vasx=3V Vpvpp27V 29 4 5.1
Ipbrve x=0101b, Vesx=3V Vpvop27V 4.5 6 7.5
Iprvp_ x=0110b, Vesx=3V Vpvop27V 6 8 10
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Iorve x=0111b, Vesx=3V Vpvop27V 9 12 15
Iprve_x=1000b, Vesx=3V Vpvop27V 12 16 20
Ipbrvp_x=1001b, Vesx=3V Vpvop27V 15 20 25
Ipbrvp_x=1010b, Vesx=3V Vpvop27V 18 24 30
Iorvp_x=1011b, Vesx=3V Vpvop27V 21 28 35
Iprvp_ x=1100b, Vesx=3V Vpvop27V 23.25 32 38.75
Ipbrve x=1101b, Vesx=3V Vpvop27V 26.5 40 50
Iprvp x=1110b, Vesx=3V Vpvop27V 28 48 60
Iorvp_x=1111b, Vesx=3V Vpvop27V 30 62 77.5
Ibrvn_x=0000b, Vesx=3V Vpvpp27V 0.15 0.5 0.85
Ibrvn_x=0001b, Vesx=3V Vpvpp27V 0.35 1 1.65
Ibrvn_x=0010b, Vesx=3V Vpvpp27V 0.85 2 3.15
Ibrvn_x=0011b, Vesx=3V Vpvpp27V 1.4 3 4.6
Iprvn_x=0100b, Vesx=3V Vevop27V 2.1 4 5.9
Ibrvn_x=0101b, Vesx=3V Vpvpp27V 35 6 8.5
Ibrvn_x=0110b, Vesx=3V Vpvpop27V 5 8 11
. IorvN_x=0111b, Vesx=3V Vevop27V 8 12 16
Peak Gate Current (sink) SPI Control IDRVN_SPI o x=1000D, Vosr=3V Vrvoo=7V 115 16 20 mA
IorvN_x=1001b, Vesx=3V Vpvop27V 14.7 20 25
IorvN_x=1010b, Vesx=3V Vpvop27V 18 24 30
Ibrvn_x=1011b, Vesx=3V Vpvpop27V 21 28 35
IbrvN_x=1100b, Vesx=3V Vpvpop27V 23.25 32 38.75
Ibrvn_x=1101b, Vesx=3V Vpvpop27V 30 40 52
IorvN_x=1110Db, Vesx=3V Vevop27V 36 48 62
IorvN_x=1111b, Vesx=3V Vpvop27V 46.5 62 80
Gate Pullup Hold Current IHoLp Vpvop27V ,Vesx =3V 5 16 30 mA
Vevop27V Vesx =3V, Iprv= 0.5 to 12mA 30 62 100
Gate Pulldown Strong Current IstronG Vevoo=7V, Vas: =3V, Iorv= 16 to 62mA 45 128 205 mA
. . . GLx to SLX, Vaesx = 3V 2.7
Low-side Semi-Active Gate Pulldown Rppsa_Ls GLx t0 SLX, Vs, = 1V 5 .
High-Side Passive Gate Pulldown Resistor | Rpp_Hs GHx to SHx 150
Low-Side Passive Gate Pulldown Resistor | Rep_Ls GLx to SLx 150
Into SHx, SHx =DRAIN< 37V, GHx—-SHx=0V, 1 1
) NSLEEP=0V
Switch-Node Sense Leakage Current IsHx Into SHx, SHx = DRAIN < 37V, GHXx-SHx=0V. 5o 100 uA
NSLEEP=5V
Gate Driver Timings (GHx, GLx)
Low-Side Rising Propagation Delay troR_LS Input to GLx rising
Low-Side Falling Propagation Delay troF_LS Input to GLx falling 300 600 ns
High-Side Rising Propagation Delay tPDR_HS Input to GHXx rising
High-Side Falling Propagation Delay troF_Hs Input to GHXx falling
Internal Handshake Dead-Time toeap GLx/GHx falling 10% to GHx/GLx rising 10% 350 ns
VGS_TDEAD=000b, Handshake only 0
VGS_TDEAD=001b 150 250 350
VGS_TDEAD=010b 400 500 600
. ) ) VGS_TDEAD=011b 600 750 900
Insertable Digital Dead-Time SPI Device tbEAD_D_sPI VGS_TDEAD=100b 800 1000 1200 ns
VGS_TDEAD=101b 1600 2000 2400
VGS_TDEAD=110b 3400 4000 4600
VGS_TDEAD=111b 7200 8000 8800
Current Shunt Amplifiers (AREF,SNx,SOx,SPx)
Common Mode Input Range Vcom -2 Vpvpp+2 \%
CSA_GAIN = 00b 9.75 10 10.25
- . . CSA_GAIN = 01b 19.5 20 20.5
Sense Amplifier Gain SPI Device Gcsa, spi CSA_GAIN = 10b 39 0 a1 VIV
CSA_GAIN=11b 78 80 82
Vso_ster=1.5V, Gcsa=10V/V, Cso=60pF (Note 5) 2.2
- . ) Vso_ster=1.5V, Gesa=20V/V, Cso=60pF (Note 5) 2.2
Sense Amplifier Settling Time to +1% tser Vso, ster=1.5V, Gesa=40V/V, Cso=60pF (Note 5) 55 us
Vso_ster=1.5V, Gcsa=80V/V, Cso=60pF (Note 5) 3
Sense Amplifier Output Blanking Time SPI oK s CSA_BLK = 000b, % of torive period 0 %
Device ' CSA_BLK = 001b, % of torive period 25
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CSA_BLK = 010b, % of torive period 375
CSA_BLK = 011b, % of torive period 50
CSA_BLK = 100b, % of torive period 62.5
CSA_BLK = 101b, % of torive period 75
CSA_BLK = 110b, % of torive period 87.5
CSA_BLK = 111b, % of torive period 100
Output Slew Rate tsLew Cso=60pF 25 V/us
. . Vspx=Vsnx=0V, CSA_DIV=0b VaRer/2
Output Voltage Bias SPI Device VBIAs_sPI Vsp=Vsn=0V, CSA_DIV=1b Varer/8 \
Linear Output Voltage Range VUNEAR Varer=3.3V, Varer =5V 0.25 Varer-0.25 \%
Input Offset Voltage Vorr Vspx=Vsnx=0V, Ts=25°C -1.5 1.5 mV
Input Offset Voltage Drift Vorr b Vspx=Vsnx=0V (Note 5) +10 +25 pv/eC
Input Bias Current Isias Vsex = Vsnx = 0V 10 uA
Input Bias Current Offset Isias_oFF Ispx—lsnx -1 1 MA
AREF Input Current |AREF Varer =3.3V, Varer =5V 1 1.8 mA
Common Mode Rejection Ratio CMRR DC, —-40< Ty 125°C 80 dB
PVDD to SOx, DC , —40< T;< 125°C 100
Power Supply Rejection Ratio PSRR PVDD to SOx, 20kHz (Note 5) 90 dB
PVDD to SOx, 400kHz (Note 5) 70
Protection
Vpvop rising 4.325 4.625 4.9
PVDD Undervoltage Threshold VpvDD_UV Vevoo falling 125 2525 18 \%
PVDD Undervoltage Hysteresis Vevop_uv_Hys | Rising to falling threshold 100 mV
PVDD Undervoltage Deglitch Time tpvbD_UV_DG 8 10 12.75 us
Vpvop rising, PVDD_OV_LVL=0b 21 22.5 24
Vevop falling, PYDD_OV_LVL=0b 20 215 23
PVDD Overvoltage Threshold VpvbD_ov Vevoo rising, PVDD. OV LVL=1b 57 285 20 \%
Vpvop falling, PYDD_OV_LVL=1b 26 27.5 29
PVDD Overvoltage Hysteresis Vevop_ov_Hys | Rising to falling threshold 1 \%
PVDD_OV_DG = 00b 0.75 1 15
. ) PVDD_OV_DG = 01b 15 2 25
PVDD Overvoltage Deglitch Time tpvop_ov_pG PVDD_OV_DG = 10b 325 2 175 us
PVDD_OV_DG =11b 7 8 9
DVDD falling 25 2.7 2.9
DVDD Supply POR Threshold Vbvop_POR DVDD rising 26 58 3 \%
DVDD POR Hysteresis Vbvop_ror_Hys | Rising to falling threshold 100 mV
DVDD POR Deglitch Time tovob_PRO_DG 5 8 12.75 us
Charge Pump Undervoltage Threshold SPI Ve uv spi Vver-Vpvop, Vver falling Vver_uv=0b 3 3.6 4.2 v
Device -7 Vver-Vevop, Vver falling Vver_uv=1b 4 5 6
Charge Pump Undervoltage Deglitch Time | tcp_uv pe 8 10 12.75 us
High-Side Driver Ves Protection Clamp Vaes_cLp 12 135 15.5 \%
. . Vehx—VsHx, Vox—Vsix VGS_LVL=0b 1.1 1.4 1.75 \%
Gate Voltage Monitor Threshold SPI Device | Ves_Lvi VoreVer, Voo—Veu VGS_LVL=1b 08 1 15 v
Ves Fault Monitor Deglitch Time tes_FLT DG 15 2 2.75 us
Vs Handshake Monitor Deglitch Time tes_Hs_pG (Note 5) 70 ns
VGS_TDRYV = 00b 80 96 100
Vs and Vos Monitor Blanking Time SPI foRvE S VGS_TDRYV = 01b 15 2 25 us
Device - VGS_TDRV = 10b 3.25 4 4.75
VGS_TDRV =11b 7.5 8 9
VDS_LVL = 0000b 0.03 0.06 0.095
VDS_LVL = 0001b 0.05 0.08 0.115
VDS_LVL = 0010b 0.07 0.1 0.135
VDS_LVL =0011b 0.09 0.12 0.155
VDS_LVL =0100b 0.11 0.14 0.175
. VDS_LVL =0101b 0.13 0.16 0.195
;Zﬁ/ i(c);’em”"em Protection Threshold SPI |, v s» | VDS_LVL = 0110b 0.15 0.18 0.22 v
VDS_LVL =0111b 0.17 0.2 0.245
VDS_LVL = 1000b 0.27 0.3 0.345
VDS_LVL =1001b 0.36 0.4 0.45
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
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VDS_LVL =1101b 0.9 1 11
VDS_LVL =1110b 1.26 1.4 1.54
VDS_LVL =1111b 1.8 2 2.2
VDS_DG = 00b 0.75 1 15
Vps Overcurrent Protection Deglitch Time fos bG P VDS_DG =01b 15 2 25 us
SPI Device - VDS_DG = 10b 3.25 4 4.75
VDS_DG =11b 7.5 8 9
) ) ) Pull up current 3
Offline Diagnostic Current Source loLo mA
Pull down current 3
Offline State Open Load Resistance Rouo VDS_LVL=1.4V, Vprain=Vpvop=13.5V (Note 5) 22 KQ
Detection Threshold VDS_LVL=2V, Vpran=Vpvop=13.5V (Note 5) 10
Power Off Braking Gate Source Current lpos_P 15 mA
Power Off Braking Gate Sink Current lpoB_N 17 mA
Power Off Braking Gate Pull Up Voltage Vpos Vevop 2 8V 55 125 \
Power Off Braking Turn-On Time troB_oN 13 us
Power Off Braking Turn-Off Time troB_oFF 2.5 us
Power Off Braking Vos Comparator V0B vos Rising 250 350 450 mv
Threshold
Pwaer Off Braking Vos Comparator Deglitch tpoB VS 15 4 6 us
Time
Thermal Warning Temperature Totw Ts Rising 125 145 170
Thermal Warning Hysteresis THys 25 c
Thermal Shutdown Temperature Totsp TsRising 150 165 190
Thermal Shutdown Hysteresis THys 25
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SPI Timing
Parameter Symbol Test Conditions Min. Typ. Max. Unit
SCLK Minimum Period tscLk (Note 5) 100
SCLK Minimum High Time tscLkH (Note 5) 50
SCLK Minimum Low Time tscikL (Note 5) 50
SDI Input Data Setup Time tsu_sbi (Note 5) 25
SDI Input Data Hold Time tH_spI (Note 5) 25
SDO Output Data Delay Time, C.=20pF to_spo (Note 5) 30 ns
nSCS Input Setup Time tsu_nscs (Note 5) 25
nSCS Input Hold Time tH_nscs (Note 5) 25
nSCS Minimum High Time tHI_nscs (Note 5) 450
Enable Delay Time, nSCS Low to SDO active |ten nscs (Note 5) 50
Disable Delay Time, nSCS High to SDO Hi-Z |tois_nscs (Note 5) 50

Note 1: Stresses beyond the “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress
ratings only. Functional operation of the device at these or any other conditions beyond those indicated in the operational
sections of the specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect
device reliability.

Note 2: 01 is measured under still air while Ta=25°C, and chip mounted on a highly effective four-layer test board with
thermal vias.
Note 3: The device is not guaranteed to function outside its operating conditions.

Note 4: Unless otherwise stated, limits are 100% production tested under pulsed load conditions such that Ta = Ty = 25°C.
Limits over the operating temperature range (See recommended operating conditions) and relevant voltage range(s) are
guaranteed by design, test, or statistical correlation.

Note 5: Guaranteed by design or statistical correlation and not production tested.

~ tHinscs  itsu nscs th_nscs
i pid >

< L

nscs \

SCLK /—\ :/j ___________________ /—\ '
w Y A

<« spo >
| tois nscs

tsu_soi tH_soi

SDO

ten_nscs

Figure 3. SPI Timing Diagram
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Charge Pump Setup
(CH1:DVDD CH2:nSLEEP CH4:VCP-PVDD)

. -
)
DVDD 5V/div
B nSLEEP 5V/div
T+ —
ez
1

VCP-PVDD# 5V/div

Time (100ps/div)

PWM Operation During PVDD_UV

Automatic Recovery
(CHL:PVDD CH2:nFLT CH3:GL1 CH4:GH1-SH1)

B
PVDD 10V/div
1,:'
T nFLT 5V/div

Time (200ms/div)

PWM Operation During PVDD_OV

Automatic Recovery
(CHL:PVDD CH2:nFLT CH3:GL1 CH4:GH1-SH1)

v

B
PVDD 10V/div

B nFLT 5Vidiv

PWM Operation During PVDD_UV Latch
(CH1:PVDD CH2:nFLT CH3:GL1 CH4:GH1-SH1)

o
PVDD 10V/div

nFLT 5V/div

GL1 5V/div

GH1-SH1 5V/div

Time (200ms/div)

PWM Operation During PVDD_QV Latch
(CH1:PVDD CH2:nFLT CH3:GL CH4:GH-SH)

v v

g8
PVDD 10V/div
nFLT 5V/div
GL1 5V/div
GH1-SH1 5V/div
Time (200ms/div)

BRAKE On Triggers POB
(CH1:PVDD CH2:GL1 CH3:GL2 CH4:BRAKE)

v

v
2 2]

PVDD 5V/div

BRAKE 5V/div

1‘& GL1 5V/div

Time (200ms/div) Time (5ps/div)
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) Pull-Up DRV OFF/Limp Enter Limp Home
BRAKE Off Exits POB Mode
(CHL:PVDD CH2:GL1 CH3:GL2 CH4:BRAKE) (CHL:IN1 CH2:GL1 CH3:DRVOFF/Limp
. _ CH4:GH1-5H1)
|4 v v
) INL 5V/div
PVDD 5V/div
B
DRVOEFE/Limp 5V/div
T+ [r— [r—
::,*'E
GL1 5V/div ' GLL 5V/div
idﬂ = GH1-SH1 5V/div
GL2 5V/div 42—
Time (5us/div) Time (10us/div)
Pull-Down DRV OFF/Limp Exit Limp .
Home Mode EN_DRV=1b Enable Gate Driver
(CHLIN CH2:GL1 CH3:DRVOFF/Limp (CHL:INL CH2:GL1 CH3:nSCS CH4:GH1-SH1)
CH4:GH1-SH1) v -
[]
INL 5V/div IN1 5V/div
1 1:* JI—
DRVOFF|Limp 5V/div n3cs SVidiv
T T e —_—
:..aE Sl
I L GLL 5V/div
GL1 5V/div
|- GH1-SH1 5V/div = GH1-SH1 5V/div
Time (10us/div) Time (10us/div)
EN_DRV=0b Disable Gate Driver Pull Up DRVOFF Pin Disable Gate Driver
(CHLIN1 CH2:GL1 CH3:nSCS CH4:GH1-SH1) (CHLIN1 CH2:GL1 CH3:DRVOFF CH4:GH1-SH1)
IN1 5V/div - IN1 5V/div
]AE ——— lglE e —
nsCs ___5Vidiv_ DRVOFF 5V/div
T S —— T
inz JE
L GL1 5V/div L 'GL1 5V/div
o et e o i P
L L GH1-SH1 5V/div L GH1-SH1 5V/div
Time (10ps/div) Time (10ps/div)
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Pull Down DRVOFF Enable Gate Driver Motor Driver Startup
(CHL:IN1 CH2:GL1 CH3:DRVOFF CH4:GH1-SH1) (CHL:IN1 CH2:SH1 CH3:SH2 CH4:l)
INL 5V/div INL 5V/div
ZAE ()
DRVOFF 5V/div =9 . SH2 5V/div
T*T
GL1 5V/div - SH1 5V/div
. 1A/div
= GH1-SH1 5V/div o
Time (10us/div) Time (500ps/div)
Smooth Operation of the Motor Driver
(CHL:IN1 CH2:SH1 CH3:SH2 CH4:l)
. .
IN1 5V/div

' SH2 5V/div

& SH 5V/div
»3: — —— —e

100mA/div
T4y
Time (10us/div)
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Detailed Description
Half-Bridge Control

The SA52902 features five PWM modes to accommodate various control schemes and output load configurations. The
PWM mode is set through the SPI register settings BRG_MODE / EN_LIMP and the LIMP pin. The modes are detailed
below, along with additional information regarding their functions. For SPI device variants, the gate driver outputs can be
controlled through both the IN1/EN, IN2/PH, nHIZx input pins, the S_IN1/EN, S_IN2/PH, and S_nHIZx register settings.

Table 1. Input PWM Modes

PWM Mode SPI Interface(BRG_MODE) EN_LIMP LIMP PIN
Limp Home Control X 1 H
Half-Bridge Control 00b 0 X
. 01b(PH/EN) 0 X
H-Bridge Control 10b(PWM) 0 X
Split HS and LS Solenoid Control 11b 0 X

Limp Home Control

In limp home mode (fail-safe mode), the input pins IN1I/EN and nHIZ1 are routed to SH1, and the input pins IN2/PH and
nHIZ2 are routed to SH2. In this mode, the DRVOFF pins and the corresponding register configuration are disabled.

Limp home mode is activated via the LIMP pin. The LIMP pin is multiplexed with the DRVOFF function. When the EN_LIMP
register is set to 1 it functions as the LIMP pin; when EN_LIMP is set to 0, it serves as the DRVOFF pin (DRVOFF/LIMP
pin).

Table 2. Limp Home Control

Limp INX SPI Configure nHIZx GHx GLx SHx
0 X 1 L H L

1 0 X 0 L L Hiz
1 X 1 H L H

1 X 0 L L Hiz

Half-Bridge Control

In half-bridge control mode, each gate driver can be individually operated using the corresponding IN1/EN and IN2/PH input
pins. The SA52902 internally handles dead-time generation between the high-side and low-side switches, enabling control
of each half-bridge with a single PWM input.

The IN1/EN and IN2/PH signals can be controlled through the SPI registers and input pins. The register setting for S_IN1/EN
corresponds to the function of IN1/EN, while the register setting for S_IN2/PH corresponds to the function of IN2/PH. SPI
control for IN1I/EN and IN2/PH can be enabled through the INI/EN_MODE and IN2/PH_MODE register settings. Additionally,
the nHIZ1/nHIZ2 pin and the S_HIZ1/S_HIZ2 register settings can be used to disable IN1I/EN and IN2/PH independently.
The HIZ1 signal is the logical OR of the nHIZ1 pin and the S_HIZ1 register setting. The HIZ2 signal is the logical OR of the
nHIZ2 pin and the S_HIZ2 register setting.

Table 3. Half-Bridge Control (BRG_MODE=00b)

nHIZx INX GHx GLx SHx
0 X L L Hiz
1 0 L H L
1 1 H L H
DS_SA52902 Rev.1.0 Silergy Corp. Confidential-prepared for Customer Use Only 14
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MCU PWM INX

MCU GPIO J nHIZ

Half Bridge
PWM Control

Figure 4. Half Bridge Control
H-Bridge Control

In H-bridge control, both half-bridge gate drivers can be operated as an H-bridge gate driver using the IN1/EN and IN2/PH
input pins. The H-bridge mode features two input control schemes that can be configured through the SPI BRG_MODE
register setting. The PH/EN mode enables the H-bridge to be controlled using a speed/direction interface commanded by
one PWM signal and one GPIO signal. The PWM mode enables a more advanced control scheme that typically requires
two PWM signals. This configuration enables the H-bridge driver to achieve four distinct output states, offering enhanced
control flexibility when needed. In H-bridge control mode, the default active behavior is low-side active in both PH/EN and
PWM modes. For SPI device variants, the freewheeling state can be configured via the BRG_FW register, allowing selection
between low-side and high-side active freewheeling. Additionally, the S_HIZx register functions are disabled in the H-bridge
control modes. The H-bridge can be placed in a Hi-Z state using either the DRVOFF pin or the EN_DRYV register setting.

Table 4. PH/EN H-Bridge Control (BRG_MODE = 01b)

IN1/EN IN2/PH BRG_FW GH1 | GL1 | GH2 | GL2 | 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)

MCU PWM INL/EN

- H-Bridge
PH/EN Control
IN2/PH
MCU GPIO J

Figure 5. H-Bridge Control PH/EN Mode
Table 5. PWM H-Bridge Control (BRG_MODE = 10b)

IN1/EN IN2/PH BRG FW | GH1 | GL1 | GH2 | GL2 | SH1 | SH2 DESCRIPTION

0 0 X L L L L Zz Z 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

MCU PWM INL/EN

H-Bridge
PWM Control
IN2/PH
MCU PWM
Figure 6. H-Bridge Control PWM Mode
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Split HS and LS Solenoid Control

In split high-side and low-side (HS/LS) solenoid control mode, only the GH1 and GL2 gate driver outputs are active. GH1 is
controlled via IN1/EN, while GL2 is controlled through IN2/PH. This mode allows the H-bridge to drive a floating solenoid
load connected between the opposing high-side and low-side external MOSFETS.

In this mode, the S_HIZx register functions are disabled. The H-bridge can be placed in a Hi-Z state using the DRVOFF pin
or by configuring the EN_DRYV register setting on SPI devices.

Table 6. Split HS and LS Control (BRG_MODE = 11b)

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

GH1| 7]
INL/EN M

MCU GPIO J EE
IN2/PH b’
MCU PWM — e
}_

Figure 7. Split HS and LS PWM Control
Smart Gate Driver

The SA52902 incorporates an advanced and adjustable floating smart gate driver architecture, optimized for precise
MOSFET control and reliable switching performance. It includes features such as configurable slew rate control, a driver
state machine for dead-time handshaking, mitigation of parasitic dv/dt-induced gate coupling, and detection of gate faults
in the external MOSFETS.

Table 7. Smart Gate Driver Symbol Description

Function Symbol Description

| Programmable gate driver source current for adjustable MOSFET slew rate control.

DRVP Set through the IDRVP_x control register.

| Programmable gate driver sink current for adjustable MOSFET slew rate control. Set

DRVN through the IDRVN_x control register.

IHoLD Fixed gate driver pull up hold current is applied during non-switching period.

IDRIVE/TDRIVE IsTRONG Fixed gate driver strong pull down current is applied during non-switching period.

toRIVE IorvPN drive current QUration before Inowp or IstronG. Also provides_ Vas and Vs fault
monitor blanking period. Set through the VGS_TDRV_x control register.

tep Propagation_ Qelay between the logic control input and the corresponding gate driver
output transition.

toEAD Body diode conduction period between_ high-side and low-side switch transition. Set
through the VGS_TDEAD_x control register.

DS_SA52902 Rev.1.0
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Battery
Handshaking VG; DRAIN
J S .—0
HS Gate Driver
VCP
I H
Level HOLDH lorvp GHx F}
~ Shitter ||, ! <7 " M
IstronG ‘ lorvN b4 ‘8
q g z SHx
. e = B

+

-—DRAIN

Overcurrent Detector

VDS

Digital
Core

Handshaking Ves

LS Gate Driver
VCP

lhoLo Iorvp -
Level [ L—l - R " GLx ﬁ
™| Shifter Ej? ] \ ® -
STRONG ‘ IbrVN § ‘g
q l % b m SL |
= GND
Overcurrent Detector +<+— SHx
Vbs

Figure 8. SA52902 Gate Driver Functional Block Diagram

Figure 8 illustrates a high-level functional block diagram of the half-bridge gate driver architecture. The gate driver blocks
offer a range of functions for MOSFET driving, status feedback, and fault protection. This includes complementary push-
pull high-side and low-side gate drivers with adjustable drive currents, control logic level shifters, Vbs, Ves, and Vsh (switch-
node) feedback comparators, a high-side Zener clamp, as well as active and passive pulldown resistors.

Vshx Slew Rate Control (IDRIVE)

The IDRIVE feature within the smart gate drive architecture provides adjustable gate drive current control to modify the
external MOSFET VDS slew rate. This is accomplished through programmable pull-up (IDRVP) and pull-down (IDRVN)
current sources integrated within the internal gate driver circuitry.

The VDS slew rates of external MOSFETSs play critical role in minimizing radiated and conducted EMI, dv/dt parasitic gate
coupling, diode reverse recovery effects, and voltage transients at the half-bridge switch node. IDRIVE functions based on
the principle that VDS slew rate is primarily determined by the rate of gate charge or gate current delivered during the
MOSFET Qcp or Miller charging region. By regulating this gate current, the gate driver can effectively control the switching
slew rate of the external power MOSFETS.

IDRIVE enables the SA52902 to dynamically adjust gate driver current levels using the IDRVP_x and IDRVN_x SPI registers.
The device offers 16 programmable settings ranging from 0.5mA to 62mA for both source and sink currents, as detailed in
Table 8. The peak gate drive current is applied during the tDRIVE interval. Once the MOSFET switching completes and the
torive period ends, the gate driver transitions to a hold current (Itowp) for the pull-up path. This transition helps limit output
current under short circuit conditions and enhances overall driver efficiency.
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Table 8. Iprive Source (lDRVP) and Sink (lDRVN) Current
Source Current IDRVP_x/ Sink Current IDRVN_x Driver Current

0000b 0.5mA
0001b 1mA
0010b 2mA
0011b 3mA
0100b 4mA
0101b 5mA
0110b 6mMA
0111b 7TmA
1000b 8mA
1001b 12mA
1010b 16mA
1011b 20mA
1100b 24mA
1101b 31mA
1110b 48mA
1111b 62mA

Gate Drive State Machine (TDRIVE)

The TDRIVE function of the advanced gate driver is an integrated gate drive state machine that manages automatic dead-
time insertion, prevents parasitic dv/dt gate coupling, and detects MOSFET gate faults.

The first stage of the TDRIVE state machine implements an automatic dead-time handshake. Dead time refers to the interval
during which the body diode of the external MOSFET is free-wheeling between the switching events of the high-side and
low-side MOSFETSs, preventing shoot-through. The device utilizes Ves monitoring to execute a break-and-make dead time
strategy by sensing the external MOSFET Vs voltage to determine the optimal moment for enabling the external MOSFETSs.
This adaptive approach allows the gate driver to compensate for the dead time for variations in the system, including
temperature changes, component aging, voltage fluctuations, and variations in the external MOSFET parameters.
Additionally, a fixed digital dead time (toeap_p) can be configured through SPI registers, if further delay is required.

The second stage of the TDRIVE state machine mitigates parasitic dv/dt -induced gate charge coupling. It accomplishes
this by applying a strong gate pulldown current (Istrong) when the MOSFET is turned off. This strong pulldown current helps
to rapidly discharge any parasitic charge coupled from the switching node of the half-bridge.

The third stage of the TDRIVE state machine implements a gate fault detection mechanism that monitors the MOSFET gate
voltage for abnormalities. This function detects issues such as pin-to-pin solder defects, gate failures, or conditions where
the gate voltage becomes stuck high or low. It utilizes the Ves monitors to verify that the gate voltage reaches the expected
threshold following the torive interval. If the voltage remains outside the defined range, the device flags a corresponding
fault condition. To prevent false detections, the selected torive duration should exceed the time required to charge or
discharge the MOSFET gate. The torive setting does not constrain the minimum PWM pulse width and will terminate early
if a new PWM command is issued.
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Figure 9. TDRIVE Turn On/Off
Doubler (Single-Stage) Charge Pump

The high-side gate drive voltage for the external MOSFET is supplied by a doubler charge pump powered by the PVDD
input. This charge pump enables 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 with respect to Vevop and supports an average output current capability of 15 mA. The charge pump is continuously
monitored for undervoltage events to prevent under-driven MOSFET conditions.

As the charge pump output is referenced to the PVDD pin voltage, the device is not intended to handle significant voltage
differentials between PVDD and DRAIN; therefore, these differences should be minimized.

The charge pump requires a low ESR 1uF, 16 V ceramic capacitor (X5R or X7R recommended) between the PVDD and
VCP pins to act as the storage capacitor. An additional low ESR 100 nF, PVYDD-rated ceramic capacitor (also X5R or X7R
recommended) should be placed between the CPH and CPL pins to serve as the flying capacitor.
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Figure 10. Charge Pump Structure
Wide Common-Mode Current Shunt Amplifier

The SA52902 integrates wide common-mode, bidirectional current-shunt amplifier for current sampling sensing using shunt
resistors in external half-bridges. Current sampling is commonly used for overcurrent protection, torque control, or
commutation with an external controller. It can sample low-side, high-side, or inline current by utilizing the high common-
mode range of the current amplifier. The current shunt amplifier includes functions such as programmable gain configuration,
output blanking time configuration, and a dedicated voltage reference pin (AREF) to set a midpoint bias voltage for the
amplifier output. A simplified block diagram is shown in Figure 11. SP should be connected to the positive terminal of the
shunt resistor, while SN should be connected to the negative terminal of the shunt resistor. If the amplifier is not utilized,
the SN, and SP inputs can be tied to AGND, and AGND should be connected to PCB GND, with the AREF and SO output
left floating.

SP

Blank
SO r S&H RlN RSHUNT

WVRGAW

Figure 11. SA52902 Amplifier Simplified Block Diagram

A detailed block diagram is shown in Figure 12. The wide common mode amplifier is implemented using a two-stage
differential structure. The first differential stage supports a wide common mode input, provides a differential output, and has
a fixed gain of G = 1. The second differential stage allows for variable gain adjustment, with G values of 10, 20, 40, or 80.
The total gain of the two stages will be G = 10, 20, 40, or 80.

SN

The amplifier can also produce an output voltage bias determined by the voltage present at the AREF pin. The AREF pin
connects to a divider network and a buffer, which then sets the output voltage bias for the differential amplifier. In SPI mode,
the gain is configured through the CSA_GAIN register, and the reference division ratio is set through the CSA_DIV register.

DS_SA52902 Rev.1.0 Silergy Corp. Confidential-prepared for Customer Use Only 20
© 2025 Silergy Corp. All Rights Reserved



SA52902

SILERGY

2" Stage, Low CM Variable 1 Stage, High CM Differential
Gain G=10,20,40,80 Ouput G=1

Rean

Output
Blanking sp

Switching _ _
+
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Figure 12. Amplifier Detailed Block Diagram

Lastly, the amplifier features an output blanking or sample-and-hold switch. 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 a high-side or low-side configuration (sample and hold). The blanking circuit can be triggered
based on the active half-bridge (half-bridge 1 or half-bridge 2) through the CSA_BLK_SEL register setting. The blanking
period can be programmed using 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 function will trigger whenever the driver enters high-side
or low-side braking. To utilize either the blanking or sample-and-hold functions, an output hold-up capacitor is required to
stabilize the amplifier output when it is disconnected. It is typically recommended that this capacitor be placed after a series
resistor in an RC filter configuration to limit the direct capacitance seen at the amplifier output.

Figure 13 illustrates the amplifier blanking function. This feature allows the amplifier output to enter a Hi-Z state during
switching transitions, though it is not enabled by default. Blanking can be useful when noise from wide common-mode
swings or ground shifts occurs during the PWM switching transition and interferes with the amplifier output. As depicted,
the function disables the amplifier output for a defined interval following a transition on either GHx or GLx. The duration of
this interval is set by the ts.k value, which is configured via the CSA_BLK register.

A
INX }
I
i |
\ —t
Veshx | i
taL } oLk |
1 -t
Vesix i i
I
} } »t
lour — o
| ! i |
taLi i | ‘ t
Vso J‘—{\‘i—t;t
| |
| 1 ! |t
! ; ‘ -

Figure 14 illustrates an example of the amplifier's sample and hold function. This feature can place the amplifier output in a
Hi-Z state during current recirculation in the H-bridge_although itis not enabled by default. This function is particularly useful
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when the shunt resistor is placed on either the low or the high side of the H-bridge, where current information may be lost
during current recirculation. As shown, the sample and hold function preserves the last amplifier output state by maintaining
the charge on the output capacitor. Normal amplifier operation resumes once the H-bridge exits the recirculation phase.

VEN

VGSLl

VGSLZ

IOUT

e e

tsen

tsan

VSO

Figure 14. Amplifier Sample & Hold Waveform
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Protection Functions

Gate Driver Disable (DRVOFF and EN_DRYV)

The SA52902 features a dedicated driver disable function via the DRVOFF pin. When DRVOFF is asserted, it enables the
gate driver pull-downs, regardless of the pin or SPI inputs. For SPI device variants, the EN_DRYV function is available to
facilitate a controlled power-up sequence. Following device power-up, the gate drivers remain disabled until the EN_DRV
register bit is asserted. This functionality allows the system to power up and perform configuration sequences before
enabling the gate drivers.

Fault Reset (CLR_FLT)

The SA52902 provides a defined procedure for clearing fault conditions from the driver and resuming operation, managed
through the CLR_FLT register bit. To clear a reported fault, the CLR_FLT register bit must be asserted after the fault
condition has been removed. Once asserted, the driver clears the fault condition and automatically resets the CLR_FLT
register bit. This feature is only available on SPI-enabled device variants.

DVDD Logic Supply Power on Reset (DVDD_POR)

When the input logic supply voltage on the DVDD pin falls below the Vovop_ror threshold for longer than the tovop_por_bc
time, or when the nSLEEP pin is pulled down to low, the device enters its inactive state, disabling the gate drivers, charge
pump, and protection monitors. Normal operation resumes when the DVDD undervoltage condition is removed or the
NSLEEP pin is pulled high. After a DVDD power-on reset (POR), the POR register bit is asserted until CLR_FLT is cleared.

PVDD Supply Undervoltage Protection (PVDD_UV)

When the PVDD pin falls below the Vevop_uv threshold for longer than the tevop_uv be time, the SA52902 detects a PVDD
undervoltage condition. After detecting this condition, the gate driver pull-downs are enabled, the charge pump is disabled,
and the nFLT pin, FAULT register bit, and PVDD_UV register bit are asserted. The PVDD undervoltage monitor can recover
in two different modes, which are set through the PYDD_UV_MODE register.

Latched Fault Mode: After the undervoltage fault is removed, the fault state remains latched, and the charge pump is
disabled until CLR_FLT is cleared.

Automatic Recovery Mode: After the undervoltage fault is removed, the nFLT pin and FAULT register bit are automatically
cleared, and the charge pump automatically restarts. The PVDD_UV register bit remains latched until CLR_FLT is cleared.

PVDD Overvoltage Protection (PVDD_QOV)

When the PVDD pin exceeds the Vpvop ov threshold for longer than the tevoo ov pe time, the SA52902 detects a PVDD
overvoltage fault, and actions are taken according to the PYDD_OV_MODE register. The overvoltage threshold and deglitch
time can be adjusted through the PVDD_OV_LVL and PVDD_OV_DG registers. The PVDD overvoltage monitor can
respond and recover in four different modes, which are set through the PVYDD_OV_MODE register.

Latched Fault Mode: When an overvoltage fault is detected, the gate driver pull-downs are activated, and the nFLT pin,
FAULT register bit, and PVYDD_OV register bit are asserted. The fault state remains latched even after the fault condition is
removed and must be cleared by setting the CLR_FLT bit.

Automatic Recovery Mode: Upon detecting an overvoltage fault, the gate driver pull-downs are enabled, and the nFLT
pin, FAULT register bit, and PVDD_QV register bit are asserted. Once the fault clears, the nFLT pin and FAULT register bit
is automatically de-asserted, and the driver resumes operation. The PVDD_OV bit remains latched until cleared via
CLR_FLT.

Disabled Mode: The PVDD overvoltage monitor is turned off. No response or fault reporting occurs.

VCP Charge Pump UVLO (VCP_UV)

When the VCP voltage falls below the Vvce uv threshold for longer than the tvce_uv bc time, the SA52902 detects a VCP
undervoltage fault. After detecting the undervoltage condition, the gate driver pull-downs are enabled, and the nFLT pin,
FAULT register bit, and VCP_UV register bit are asserted. The UV threshold can be configured through the VCP_UV_LVL
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register. The VCP undervoltage monitor can recover in two different modes, which are set through the VCP_UV_MODE
register.

Latched Fault Mode: The charge pump is disabled in latched fault mode. Once the undervoltage condition is removed, the
fault state remains latched, and the charge pump remains disabled until cleared via CLR_FLT.

Automatic Recovery Mode: After the UVLO is removed, the nFLT pin and FAULT register bit are automatically cleared,
and the driver restarts automatically. The VCP_UV register bit remains latched until CLR_FLT is cleared.

MOSFET Vbs Overcurrent Protection (VDS _OCP)

If the MOSFET's Vbs overcurrent comparator exceeds the threshold defined by Vos v for a duration longer than the tos pc
deglitch time, the SA52902 flags a Vos overcurrent fault. Both the voltage threshold and deglitch time are configurable via
the Vbs_Lvi and Vbs pc registers. Additionally, in independent half-bridge and SA52902 split HS/LS PWM control modes
(BRG_MODE = 00b or 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. The VDS overcurrent monitor supports four different response
modes, selectable through the VDS_MODE register.

Latched Fault Mode: When an overcurrent event is detected, the gate driver pull-downs are activated, and the nFLT pin,
FAULT register bit, and associated VDS register bit are asserted. The fault state remains latched even after the fault
condition is removed and must be cleared by setting the CLR_FLT bit.

Cycle-by-Cycle Mode: When an overcurrent event is detected, the gate driver pull-downs are activated, and the nFLT pin,
FAULT register bit, and associated VDS register bit are asserted. The next PWM input clears the nFLT pin and FAULT
register bit, allowing the driver to automatically restart. The VDS register bit remains asserted until cleared using the
CLR_FLT command.

Warning Report Only Mode: The overcurrent event is indicated through the WARN and corresponding VDS register bits.
The device does not take any protective action. The warning remains latched until the CLR_FLT command is issued.

Disabled Mode: The VDS overcurrent monitors are inactive and will neither respond to nor report any fault conditions.

When a Vps overcurrent fault is detected, the gate pull-down current can be adjusted to control the turn-off speed of the
external MOSFET. Modifying this parameter helps reduce the risk of shoot-through. This setting is configurable via the
VDS_IDRVN register on SPI-enabled devices.

Gate Driver Fault (VGS_GDF)

If the Ves voltage fails to exceed the threshold defined by Ves_Lvi within the torive period, the SA52902 detects a Ves gate
fault. In independent half-bridge and SA52902 split HS/LS PWM control modes (BRG_MODE=00b or 11b), the device can
be configured to disable all half-bridges or only the fault half-bridge by using the VGS_IND register. The Vgs gate fault
monitor supports four distinct response and recovery modes, selectable through the VGS_MODE register.

Latched Fault Mode: When a gate fault is detected, the gate driver pull-downs are activated, and the nFLT pin, FAULT
register bit, and corresponding VGS register bit are asserted. The fault condition remains latched even after the issue is
resolved and must be cleared by issuing the CLR_FLT command.

Cycle-by-Cycle Mode: After a gate fault is detected, the gate driver pull-downs are activated, and the nFLT pin, FAULT
register bit, and corresponding VGS register bit are asserted. After 15 PMW input cycles will clear the nFLT pin and FAULT
register bit, and will automatically restart the driver. The VGS register bit remains asserted until the CLR_FLT command is
issued.

Warning Report Only Mode: The gate fault is indicated through the WARN and corresponding VGS register bits. The
device does not take any protective action. The warning remains latched until the CLR_FLT command is issued.

Disabled Mode: The VGS gate fault monitors are inactive and will neither respond to nor report any fault conditions.
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Power Off Braking Function (POB)

The SA52902 provides the capability to enable the low-side gate drivers while the device is in sleep mode (NSLEEP = L).
This allows the external low-side power MOSFETS to be activated. Enabling the external low-side MOSFETSs permits the
external half-bridges to short the back EMF of the motor. This action can help prevent reverse driving of the motor by an
external force from overcharging the system power supply. This function is available only while the device is in its low-power
sleep mode. The function is activated by setting the BRAKE pin to a logic high. The BRAKE pin will enable or disable the
low-side gate drivers for both half-bridges simultaneously. The powered-off braking function requires the PVDD voltage
supply to enable the low-side gate drivers without the DVDD power supply.

In the event of a short circuit, a simple overcurrent detector circuit with a deglitch filter time is provided to disable the low-
side MOSFET if a high current flows through it while braking is enabled. Since the normal overcurrent protection circuits are
disabled in sleep mode, the device requires an additional overcurrent protection (OCP) function. The values of the
overcurrent comparator and RC deglitch filter are fixed and cannot be adjusted.

The powered-off braking function is enabled through the BRAKE pin. To reduce quiescent current draw, the pulldown
resistance of the BRAKE pin is decreased to 1TMQ while the device is in low-power sleep mode. If the powered-off braking
function is not utilized, the BRAKE pin should be connected directly to GND or left floating.

Several methods can be used to pull up the BRAKE pin, depending on the desired control scheme:

Option 1: Voltage-triggered Pull-up with a passive Zener diode. An external Zener diode can be added to the BRAKE pin to
establish an overvoltage trigger that is lower than the internal overvoltage monitor.

Option 2: The MCU provides a fixed digital output high or a digital output in response to motor movement detected by the
sensor or rising voltage. A digital output to the BRAKE pin can directly control whether the power-off braking function is
enabled (LO = disabled, HI = enabled).

Option 3: The power-off braking function can be disabled by connecting the BRAKE pin directly to the PCB ground, or it can
simply be left floating.

Battery
Option 1:External OV detect
Battery
Veope—| Low IQ
10kQ Regulator
1MQ
MCU BRAKE ‘I ' b—v Level Shifter ——
Option 2:MCU signal - 7
P ’ %lM 100kQ 1
— 150kQ
RC deglitch
il
Vpos vbs
Option 3:Disable NSLEEP =
Low=-
Figure 15. SA52902 Power Off Braking
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Thermal Warning (OTW)

If the die temperature exceeds the Torw thermal warning threshold, the SA52902 issues an overtemperature warning by
asserting the WARN and OTW register bits. After the temperature returns to a safe range, the WARN and OTW register
bits remain latched until the CLR_FLT command is issued.

Thermal Shutdown (OTSD)

If the die temperature exceeds the Torsp thermal shutdown threshold, the gate driver pull-downs are activated, the charge
pump is disabled, and the nFLT pin, FAULT register bit, and OTSD register bit are asserted. Once the overtemperature
condition clears, the fault remains latched until the CLR_FLT is issued.

Off State Short Circuit and Open Load Detection (OOL and OSC)

The device provides the necessary hardware to conduct off-state diagnostics for short circuits and open loads across the
MOSFETSs and load. This functionality uses integrated pull-up and pull-down current sources on the SHx pin, which connects
to the midpoint of the external half-bridge. The off-state diagnostics are controlled by the associated bits in the OLSC_CTRL
register. First, the off-state diagnostic mode must be enabled through the EN_OLSC register. Then, the individual current
sources can be activated through the PD_SHx and PU_SHXx registers. The voltage on the SHx pin will be continuously
monitored through the internal Vpbs comparators. During the diagnostic state, the Vps comparators will report real-time
voltage feedback on the SHx in the SPI registers within the associated VDS register status bit.

SA52902

Before enabling the off-state diagnostics, it is recommended to set the half-bridges to the disabled state using the EN_DRV
register. Additionally, the Vbs comparator threshold (Vos_vi) should be adjusted to 1V or greater to ensure sufficient margin
for the internal blocking diode forward voltage drop. The Vbs comparators will begin real-time voltage feedback immediately
after OLSC_EN is set. Feedback should be disregarded until the proper pull-up and pull-down configuration is established.

To execute the offline diagnostic sequence correctly, follow these steps:

* Set the EN_DRYV control register to Ob to disable the output drivers.

* Setthe OLSC_EN control register to 1b to enable offline diagnostics.

* Enable the PD_SHx and PU_SHXx control registers as required for the test.
* Read back the VDS_x status registers to assess the output state.

¢ Disable the PD_SHx and PU_SHx control registers.

* Setthe OLSC_EN control register to Ob to disable the offline diagnostics.
* Set EN_DRYV control register to 1b to re-enable the output drivers.

DRAIN Battery
PU_SHXx

Figure 16. Off State Diagnosis
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Fault Detection and Response Summary Table

Table 9. Fault Detection and Response Summary

Name Condition SPI Bit Mode Eliyiel Gz Gate Drivers | Current Sense Response
Core Pump
Disable Driver DRVOFF=High N/A N/A Active Active Pull Down Active N/A
DVDD Power -on- DVDD < POR N/A Reset Disable Semi-Active Disable SPI
Reset Vbvbp_POR Pull Down
Latched Active Disabled S;[m'?g\}\"\r/]e Disable nFLT, SPI
PVDD Undervoltage PVDD < Vpvop_uv uv, PVDD_UV Semi-Active
Automatic Active Disabled Disable nFLT, SPI
Pull Down
oV, ) . .
PVDD_OV Latched Active Active Pull Down Active nFLT, SPI
oV, . . . .
PVDD Overvoltage PVDD > Vivon_ov PVDD_OV Automatic Active Active Pull Down Active nFLT, SPI
oV, . . ) . .
PVDD_OV Warning Active Active Active Active WARN, SPI
N/A Disabled Active Active Active Active N/A
Latched Active Disabled Seriactve Disabled nFLT, SPI
VCP Undervoltage VCP < Vvcp_uv UV, VCP_UV Semi-Active
Automatic Active Active Disabled nFLT, SPI
Pull Down
Latched Active Active Ivos_torw PUll Active nFLT, SPI
Down
VDS Overcurrent VDS > Vs vt ?/SD_SCf( Cycle Active Active lvm—g’g\‘,’\;‘n Pull Active nFLT, SPI
Warning Active Active Active Active WARN, SPI
Disabled Active Active Active Active N/A
Latched Active Active Pull Down Active nFLT, SPI
DS_GS, Cycle Active Active Pull Down Active nFLT, SPI
VGS Gate Fault VGS > Vves v VGS_X Warning Active Active Active Active WARN, SPI
Disabled Active Active Active Active N/A
Thermal Warning T3> Totw OoT, OTW Automatic Active Active Active Active WARN, SPI
Thermal Shutdown s> Torso OT, OTSD Latched Active Disabled Seriiadtive Disabled nFLT, SPI
Offline Open Load N/A VDS_X MCU Active Active Pull Down Active SPI
Offline Short Circuit N/A VDS_X MCU Active Active Pull Down Active SPI

Programming

SPI Interface

The device supports a standard 16-bit SPI for control. The SPI interface is a synchronous serial interface used for address
and data transfer at bit rates of up to 10 MHz. It is configured in 8-bit bytes, designed to interface with a standard SPI bus.
Four pins are utilized for communication on the SPI: SCLK (synchronous clock), nSCS (chip select, active low), SDI (data
input to the device for write operations), and SDO (data output from the device for read operations), as shown in Figure 17.

Point

|
1
|
| ()
sDI X < MSB X Z‘ LSB X
| 5 |
1 | | | 1 |
| | | | | |
| i G i i
spo z  MsB | p I z
| : | (G—— :
| | | ! 3 i
Capture i i |
Point | | |
1 1 i
| | |
Propagate ‘ ‘ ‘
1 i 1
i | i

Figure 17. SPI Target Timing Diagram

A valid frame must meet the following conditions:

* The SCLK pin must remain low during both the high-to-low and low-to-high transitions of the nSCS pin.

* The nSCS pin should be pulled high between data words.

* When the nSCS pin is high, inputs on the SCLK and SDI pins are ignored, and the SDO pin enters a high-impedance
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(Hi-Z) state.
Data is latched on the falling edge of SCLK and shifted out on the rising edge.

* Data transfer begins with the most significant bit (MSB).
* Each SPI transaction must consist of exactly 16 SCLK cycles to be valid.

* If the number of bits sent to the SDI pin deviates from 16, a frame error (SCLK_FLT) is generated, and the data is
discarded.

* For write operations, the current content of the target register is shifted out on the SDO pin immediately following the 8-
bit command portion.

SPI Format

The SDI input data word is 16 bits long and consists of the following format:
* W (bit 14): 1 Read/Write control bit

* Ax: 6-bit register address

¢ Dx: 8-bit data payload.

SPI Format

The SDI input data word is 16 bits long and consists of the following format:
* W (bit 14): 1 Read/Write control bit

* Ax: 6-bit register address

* Dx: 8-bit data payload

The SDO output data word is 16 bits long, with the first 8 bits comprising the IC status register. The report word contains
the content of the register being accessed. For a write command (WO = 0), the response word consists of the fault status
indication bits followed by the existing data in the register being written to. For a read command (WO = 1), the response
word contains the fault status indication bits followed by the data currently in the register being read.

Table 10. SDI Input Data Word Format

R/W Address Data
Bit B15 B14 B13 B12 B1l1 B10 B9 D8 B7 B6 B5 B4 B3 B2 Bl BO
Data 0 WO A5 A4 A3 A2 Al A0 D7 D6 D5 D4 D3 D2 D1 DO

Table 11. SDO Output Data Word Format

IC Status Data
Bit B15 B14 B13 B12 B11 B10 B9 D8 B7 | B6 | B5 | B4 | B3| B2|B1l|B0
Data 1 1 FAULT | WARN | DS GS uv ov oT D7 |D6 | D5 | D4 | D3 | D2 | D1 | DO

SPI Interface for Multiple Targets

Multiple SA52902 devices can be interfaced with the controller either with or without using a daisy chain configuration. To
connect ‘n’ SA52902 devices without daisy chaining, the controller must provide 'n' separate 1/O lines for the individual
nSCS pins, as shown in Figure 18(a). Alternatively, when using a daisy chain configuration, a single nSCS line can be
shared among multiple devices, as shown in Figure 18(b).
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(a) Without Daisy Chain (b) With Daisy Chain
Figure 18. Multiple Device SPI Operation
SPI Interface for Multiple Targets in Daisy Chain

The device supports daisy chain operation with other devices that utilize the same SPI protocol. The controller output (MO)
is connected to a target input (SDI), and the first target output (SDO) is connected to the next target input (SDI) to form a
chain. The SDO of the final target in the chain is connected to the controller input (Ml) to complete the loop of the SPI
communication frame. In a daisy chain configuration, a single chip select, and a clock are connected in parallel to each
target device, allowing the microcontroller to control or access the SPI devices.

Microcontroller Devicel Device2 Device3
SDI1 SDO1 SDO2 SDO3
MO
SDI2 SDI3
[}
o |3 Al % A %
2 |o 2 |3 2 |3
MnSCS
MCLK  ®—>
Mi
nSCS
T —T T
I I I I I
| | |
HDR1 | HDR2 A3 A2 Al 03 D2 D1 L
SDI1 ! ! !
I I I I I
I I I I I
spbo1 i i |
Sl |HDR1 |HDR2 | A3 A2 A1 D3 D2 —1——
SDI2 } } i
i i i
) ) i
SDO2 i | |
sp S1 |HDR1 | HDR2 | A3 R2 R1 D3 |———
SDI3 I | !
I I I
| | |
S3 S2 S1 | HDR1|HDR2| R3 R2 RT ——b——
SDO3 ! ! !
| - P
! ALL Address | ! ALL Address | !
1 Bytes Reach | | Bytes Reach | 1
' Destination | 1 Destination | 1
i I T R i
| I | I | |
| | b i i
A\ v vy v v
Status Reads Writes
Response Here Execute Here Execute Here
Figure 19. Daisy Chain SPI Operation
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The first device in the chain, as illustrated in the figure above, receives data from the controller in the format depicted as
SDI1 in Figure 19:

1). 2 bytes of Header
2). 3 bytes of Address
3). 3 bytes of Data

Once the data has been transmitted through the entire chain, the controller receives it in the format shown as SDO3 in
Figure 19:

1). 3 bytes of Status
2). 2 bytes of Header (should match the information originally sent by the controller)
3). 3 bytes of Report

The header bytes include information on the total number of devices connected in the daisy chain and a global clear fault
command. This command clears the fault registers of all devices on the rising edge of the chip select (nSCS) signal. Bits
N5 through NO are 6 bits that represent the number of devices in the chain, as shown in Figure 20. A maximum of 63 devices
can be connected in a single daisy chain. The 5 least significant bits (LSBs) of the HDR2 register are “don’t care” bits, which
the MCU can use to verify the integrity of the daisy chain connection. The header bytes must begin with 1 and 0 as the two
most significant bits (MSBs).

1 0 N5 N4 N3 N2 N1 NO
HDR1
. ?
Number of Devices in the Chain
(Up to 2°-1 = 63)
1 0 CLR X X X X X
HDR2

Don't Care

1 = Global FAULT Clear
0 =Don't Care

Figure 20. Header Bits

The Status byte conveys the fault status register information for each device in the daisy chain, as illustrated in Figure 21.
This allows the controller to monitor fault conditions without issuing separate read commands for each device. By eliminating
the need for individual queries, this approach improves system efficiency in detecting and identifying device-level faults.

Herder Bytes (HDR)

I I
I I
I I
! HDR1 1 0 N5 N4 N3 N2 N1 NO !
| |
| |
I I
3 1
| HDR2 1 0 CLR X X X X X i
I I
I I
| |
Status Byte (Sx) 1 1 | FAULT |WARN|DS_GS| UV | ov oT

Address Byte (Ax) 0 R/W A5 A4 A3 A2 Al A0

Data Byte (Ax) D7 D6 D5 D4 D3 D2 D1 DO

Figure 21. Daisy Chain Read Registers
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As data passes through each device in the daisy chain, a device determines its position by counting the number of Status
bytes received before the first Header byte. For instance, in a three-device setup, the second device in the chain will receive
two Status bytes before receiving HDR1, followed by HDR2. From the count of Status bytes, the device identifies its position
in the chain, and from HDR2, it determines the total number of connected devices. This enables the device to load only the
address and data bytes relevant to its position while ignoring unrelated bits. This protocol ensures faster communication
with minimal latency and supports up to 63 devices in a single chain.
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Register Map

Name 7 6 5 4 3 2 1 0 Type | Add
IC_STAT_1 SPI_OK POR FAULT WARN DS_GS uv ov oT R 00h
VGS_VDS_STAT|  VGS_H1 VGS_L1 VGS_H2 VGS_L2 | VDS_H1 | VDS_L1 VDS_H2 VDS_L2 R 01h
IC_STAT 2 PVDD_UV PVDD_OV VCP_UV oTW OTSD RSVD SCLK_FLT | ADDR_FLT | R 02h
RSVD_STAT RSVD R 03h
IC_CTRL1 EN_DRV SSC_DIS [INL/EN_MODE[IN2/PH_MODE LOCK CLR_FLT | RW | 04h
BRG_CTRL | VGS_HS_DIS BRG_MODE BRG_FW [S INLVEN| S_IN2/PH [ S HIZ1 S_HIZ2 RW | 05h
DRV_CTRL_1 IDRVP_HS IDRVN_HS RW | 06h
DRV_CTRL_2 IDRVP_LS IDRVN_LS RW | 07h
DRV_CTRL_3 VGS_MODE VGS_TDRV VGS_TDEAD VGS_IND | RW | 08h
VDS_CTRL_1 VDS_MODE VDS_DG VDS_IDRVN | VGS_LVL VDS_IND | RW | 09h
VDS_CTRL_2 VDS_HS_LVL VDS_LS_LVL RW | 0Ah
OLSC_CTRL EN_LIMP RSVD OLSC_EN | PU_SH1 | PD_SH1 PU_SH2 PD_SH2 | RW | 0Bh
UVOV_CTRL |PVDD_UV_MODE PVDD_OV_MODE PVDD_OV_DG PVDD_OV_LVLVCP_UV_MODEVCP_UV_LVL| RMW | 0Ch
CSA_CTRL CSA_SH_EN |CSA_BLK_SEL CSA BLK CSA DIV CSA_GAIN RW | 0Dh
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Address Register Name Description
0x00h IC_STAT 1 IC status register 1
0x01h VGS_VDS_STAT | Ves and Vps status register
0x02h IC_STAT 2 IC status register 2
0x03h RSVD_STAT Reserved

IC_STAT1 register (Address= 0x00h), default value 0OxC0Oh=11000000s

Bit Field Type Reset Description
Indicates if an SPI communications fault has been detected.

7 SPI_OK 1b Ob = One or multiple SPI_CLK_FLT or SPI_ADR_FLT in past frames.
1b = No SPI fault has been detected
Indicates power-on-reset condition.

6 POR 1b Ob = No power-on-reset condition detected.
1b = Power-on reset condition detected.

5 FAULT R Ob Fault indicator. Reflects the state of the nFLT pin.

4 WARN Ob Warning indicator

3 DS _GS Ob Logic OR of the VDS and VGS fault indicators.

2 uv Ob Undervoltage indicator.

1 ov Ob Overvoltage indicator.

0 oT Ob Logic OR of OTW and OTSD.

VGS_VDS_STAT register (Address= 0x01h), default value 0x00h=00000000s

Bit Field Type Reset Description

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

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

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

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

3 VDS H1 R Ob Indicates a VDS overcurrent fault on the high-side 1 MOSFET.
2 VDS L1 Ob Indicates a VDS overcurrent fault on the low-side 1 MOSFET.
1 VDS_H2 Ob Indicates a VDS overcurrent fault on the high-side 2 MOSFET.
0 VDS L2 Ob Indicates a VDS overcurrent fault on the low-side 2 MOSFET.

IC_STAT_2 register (Address= 0x02h), default value 0x00=00000000s

Bit Field Type Reset Description
7 PVDD_UV Ob Indicates an undervoltage fault on PVDD pin.
6 PVDD_OV Ob Indicates an overvoltage fault on PVDD pin.
5 VCP_UV Ob Indicates an undervoltage fault on VCP pin.
4 oTW R Ob Indicates an overtemperature warning.
3 OTSD Ob Indicates an overtemperature shutdown.
2 RSVD Ob Reserved
1 SCLK_FLT Ob Indicates an SPI clock (frame) fault.
0 ADDR_FLT Ob Indicates an SPI address fault
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Address Register Name Description

0x04h IC_CTRL1 IC control register
0x05h BRG_CTRL BRG control register
0x06h DRV_CTRL_1 DRYV control register 1
0x07h DRV_CTRL_2 DRV control register 2
0x08h DRV_CTRL_3 DRV control register 3
0x09h VDS_CTRL_1 VDS control register 1
0x0Ah VDS _CTRL_2 VDS control register 2
0x0Bh OLSC_CTRL OLSC control register
0x0Ch UVOV_CTRL UVOV control register
0x0Dh CSA_CTRL CSA control register

IC_CTRL register (Address= 0x04h), default value 0x06h=0000 0110,
Bit Field Type Reset Description
Enables gate drivers.
7 EN_DRV R/W Ob Ob = Gate driver output disabled and passive pulldowns enabled.
1b = Gate driver outputs enabled.
Disables device spread spectrum clocking
6 SSC_DIS RIW 1 0b | oh = Enabled. 1b =Disabled.
IN1/EN control mode.
5 IN1I/EN_MODE R/W Ob Ob = IN1/EN signal is sourced from the IN1/EN pin.
1b = IN1/EN signal is sourced from the S_IN1/EN bit.
IN2/PH control mode.
4 IN2/PH_MODE R/W Ob Ob = IN2/PH signal is sourced from the IN2/PH pin.
1b = IN2/PH signal is sourced from the S_IN2/PH bit.
Controls access to the control registers. Bit settings not specified have no effect.
_ 011b = Unlock all control registers.
31 LOCK RW 011b 110b = Lock the control registers by ignoring further writes except for the LOCK
register.
Clears latched fault status information.
Ob = Default state.
0 CLR_FLT RIW Ob 1b = Clear latched fault bits, resets to Ob after completion. Will also clear the SPI
fault status.
BRG_CTRL register (Address= 0x05h), default value 0x00h=0000 00008
Bit Field Type Reset Description
VGS monitor-based dead-time handshake.
7 VGS_HS_DIS Ob Ob = Enabled.
1b = Disabled. Gate drive transition based on torive and toeap time duration.
H-bridge input control mode.
6~5 BRG_MODE 00b 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.
H-bridge control freewheeling setting.
4 BRG_FW Ob 0b = Low-side freewheeling; 1b = High-side freewheeling.
3 S_IN1/EN RIW Ob Control bit for IN1/EN input signal. Enabled through IN1/EN_MODE bit.
2 S _IN2/PH Ob Control bit for IN2/PH input signal. Enabled through IN2/PH_MODE bit.
Control bit for HIZ1 input signal. Logic OR with the nHIZ1 pin. Active only in half-
bridge input control mode.
1 S_Hiz1 Ob Ob = Outputs follow IN1/EN signal.
1b = Gate drivers pulldowns are enabled. Half-bridge 1 Hi-Z.
Control bit for HIZ2 input signal. Logic OR with the nHIZ2 pin. Active only in half-
bridge input control mode.
0 S_Hiz2 Ob Ob = Outputs follow IN2/PH signal.
1b = Gate drivers pulldowns are enabled. Half-bridge 2 Hi-Z.
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DRV_CTRL_1 register (Address= 0x06h), default value OxFF=1111 11118

Bit

Field

Type

Reset

Description

7-4

IDRVP_HS

IDRVN_HS

RW

1111b

High-side peak source pull-up current.
0000b = 0.5mA
0001b = 1mA
0010b = 2mA
0011b = 3mA
0100b = 4mA
0101b = 6mA
0110b = 8mA
0111b=12mA
1000b = 16mA
1001b = 20mA
1010b = 24mA
1011b = 28mA
1100b = 31mA
1101b = 40mA
1110b = 48mA
1111b = 62mA

1111b

High-side peak sink pull-down current.
0000b = 0.5mA
0001b = 1mA
0010b = 2mA
0011b = 3mA
0100b = 4mA
0101b = 6mA
0110b = 8mA
0111b =12mA
1000b = 16mA
1001b = 20mA
1010b = 24mA
1011b = 28mA
1100b = 31mA
1101b = 40mA
1110b = 48mA
1111b = 62mA

DRV_CTRL_2 register (Address= 0x07h), default value OxFF=1111 11118

Bit

Field

Type

Reset

Description

7-4

IDRVP_LS

IDRVN_LS

RW

1111b

Low-side peak source pull-up current.
0000b = 0.5mA
0001b = 1mA
0010b = 2mA
0011b = 3mA
0100b = 4mA
0101b = 6mA
0110b = 8mA
0111b=12mA
1000b = 16mA
1001b = 20mA
1010b = 24mA
1011b = 28mA
1100b = 31mA
1101b = 40mA
1110b = 48mA
1111b = 62mA

1111b

Low-side peak sink pull-down current.
0000b = 0.5mA

0001b = 1mA

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

DRV_CTRLS3 register (Address= 0x08h), default value 0x20=0010 0000s

Bit

Field

Type

Reset

Description

7-6

VGS_MODE

VGS_TDRV

3-1

VGS_TDEAD

VGS_IND

RW

00b

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

01b = Cycle by cycle.

10b = Warning report only
11b = Disabled.

10b

VGS drive time and VDS monitor blanking time.
00b = 96us,

01b =2us,

10b = 4ps,

11b =8ps

000b

Insertable digital dead-time.
000b = 0ns,

001b = 250ns,

010b = 500ns,

011b = 750ns,

100b = 1000ns,

101b = 2000ns,

110b = 4000ns,

111b = 8000ns

Ob

VGS independent shutdown mode enable. Active for BRG_MODE =00b, 11b.

Ob = Disabled.
1b = Enabled. VGS gate fault will only shut down the associated half-bridge.

VDS_CTRL1 register (Address= 0x09h), default value 0x20=0010 0000s

Bit

Field

Type

Reset

Description

7-6

VDS_MODE

5-4

VDS_DG

VDS_IDRAIN

VGS_LVL

RW

00b

VDS overcurrent monitor mode.
00b = Latched fault;

01b = Cycle by cycle.

10b = Warning report only.

11b = Disabled.

10b

VDS overcurrent monitor deglitch time.
00b =1 s, 01b = 2ys,
10b =4 ps, 11b = 8us

00b

IDRVN gate pulldown current after VDS_OCP fault.
00b = Programmed IDRVN;

01b = 8mA;

10b = 31mA;

11b =62mA

Ob

VGS monitor threshold for dead-time handshake and gate fault detection.
Ob = 1.4V.
lb=1.0V

VGS_IND

Ob

VDS independent shutdown mode enable. Active for BRG_MODE =00b, 11b.

Ob = Disabled.
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1b = Enabled. VDS overcurrent fault will only shut down the associated half-
bridge

VDS_CTRL_2 register (Address= 0x0Ah), default value 0xDD=1101 11018

Bit Field Type | Reset Description

High-side VDS overcurrent monitor threshold.
0000b = 0.06V
00001b = 0.08V
0010b = 0.10V
0011b =0.12V
0100b = 0.14V
0101b =0.16V
0110b =0.18V
7-4 VDS_HS_LVL 1101b | 0111b=0.2V
1000b = 0.3V
1001b = 0.4V
1010b = 0.5V
1011b=0.6V
1100b = 0.7V
1101b =1V
1110b =1.4V
1111b =2V
Low-side VDS overcurrent monitor threshold.
0000b = 0.06V
00001b =0.08V
0010b = 0.10V
0011b =0.12V
0100b = 0.14V
0101b =0.16V
0110b =0.18V
3-0 VDS_LS_LVL 1101b | 0111b=0.2V
1000b = 0.3V
1001b = 0.4V
1010b = 0.5V
1011b=0.6V
1100b = 0.7V
1101b =1V
1110b=1.4V
1111b =2V

RW

OLSC_CTRL register (Address= 0x0Bh), default value 0x80=1000 0000s

Bit Field Type Reset Description

Configures the mode of the DRVOFF/Limp multi-function pin.
7 EN_LIMP 1b Ob= Pins function as DRVOFF/Limp global driver disable.
1b= Pins function as Limp home driver case input.

]

Reserve Ob Reserve

Offline open load and short circuit diagnostic enable.
Ob = Disabled.
1b = VDS monitors set into real-time voltage monitor mode and diagnostics
RIW current sources enabled.

Half-bridge 1 pull-up diagnostic current source. Must set OLSC_EN bit to use.
3 PU_SH1 Ob Ob = Disabled.
1b = Enabled.
Half-bridge 1 pull-down diagnostic current source. Must set OLSC_EN bit to use.
2 PD_SH1 Ob Ob = Disabled.
1b = Enabled.

4 OLSC_EN Ob
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SI/IERGY
Half-bridge 2 pull-up diagnostic current source. Must set OLSC_EN bit to use.
1 PU_SH2 Ob Ob = Disabled.
1b = Enabled.
Half-bridge 2 pull-down diagnostic current source. Must set OLSC_EN bit to use.
0 PD_SH2 Ob Ob = Disabled.
1b = Enabled.

UVOV_CTRL register (Address= 0x0Ch), default value 0x14=0001 0100,

Bit

Field

Type

Reset

Description

7

PVDD_UV_MODE

6-5

PVDD_OV_MODE

PVDD_OV_DG

PVDD_OV_LVL

VCP_UV_MODE

VCP_UV_LVL

RW

Ob

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

00b

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

01b = Automatic recovery.

10b = Warning report only.

11b = Disabled.

10b

PVDD supply overvoltage monitor deglitch time.
00b = 1ps
01b =2ps
10b =4ps
11b =8us

1b

PVDD supply overvoltage monitor threshold.
Ob =21.5Vv
1b = 28.5V

Ob

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

Ob

VCP charge pump undervoltage monitor threshold.
Ob =2.5V
lb =5V

CSA_CTRL register (Address= 0x0Dh), default value 0x01=0000 0001,

Bit

Field

Type

Reset

Description

7

CSA_SH_EN

CSA_BLK_SEL

CSA_BLK

CSA_DIV

1-0

CSA_GAIN

R/W

Ob

Current shunt amplifier sample and hold.
Ob = Disabled
1b = Enabled

Ob

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

000b

Current shunt amplifier blanking time. % of t.,,.

000b = 0%, Disabled
001b = 25%

010b = 37.5%

011b =50%

100b = 62.5%

101b = 75%

110b = 87.5%

111b = 100%

Ob

Current shunt amplifier reference voltage divider.
Ob = AREF /2
1b = AREF /8

01b

Current shunt amplifier gain setting.
00b = 10V/V
01b = 20V/V
10b = 40V/IV
11b = 80V/V
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Application Information

The SA52902 is a highly integrated, two-channel gate driver designed for driving single motor. The device incorporates two
N-channel half-bridge gate drivers, driver power supplies, and one current shunt amplifier. The SA52902 offers several
protections and off-state detection which can be configured through SPI.

Schematic
vee Reverse Polarity = Vbat
vce o= ovep Ver I, Protection Tl{ml—l—fcm
T oo PVDD | i ol ol i
MCU — CPH V ClSC;LA C13 C12 Cll =
. 1C4 PVDD
Limp —» DRVOFF/LIMP cpL
D1
SCLK SCLK o
MDI Sol BRAKE » ol |
MDO SDO % Reo SI E:
nScs nscs 1 1 T
GPIO nSLEEP = - =
GPIO nHIZ1 DRAIN )
GPIO nHIZ2 GHx Q1 g} Q4J e
PWM INT/EN
PWM |——»/ IN2/PH SHx W,
VCC — Rshunt .
o % GLx %QZ—I SE) Q3 Ji}
GPIO = nFLT SLx —+- -+
ADC <CTW{/— SO c i = -
GI c% AREF sp CSI
T } AGND SN c E
- - QI
Figure 22. Typical Application Schematic
BOM List
Design Parameter Example Value
E:1 100pF/Ecap/50V
C1/C3/C10/C13 1uF/50V
C2/C4/Cs/Ce/Cs/Co/C11/C14 100nF/50V
C7/C12/C1s 10nF/50V
Rshunt mQ
R1/Rpu 1kQ
Rpp TMQ
D1 20V Zener (according to requirements)
L1 2.2uH
Q1 Q2Q3Q4 N Channel MOSFET

Note: If Rshunt is placed on high-side, increased attention is required for sleep current loss. In this configuration, an additional
current flows through the current amplifier input resistor (approximately 500kQ per SP/SN) between SP/SN and GND.

Layout Design

Follow these PCB layout guidelines for optimal performance and thermal dissipation:

1. Bypass the PVDD pin to GND using a low-ESR 0.1 yF ceramic bypass capacitor placed as close as possible to the
PVDD pin, with a wide trace or ground plane connection to the GND pin. Additionally, use a bulk capacitor rated for the
application to further bypass the PVDD pin. This can be an electrolytic capacitor with a minimum capacitance of 10uF. It
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is acceptable for this bulk capacitance to be shared with that used for the external power MOSFETSs.

2. Additional bulk capacitance is necessary to bypass the high current path through the external MOSFETs. This
capacitance should be positioned to minimize the length of high current traces. Use wide metal traces and multiple vias
to connect across PCB layers, which reduces inductance and enables the bulk capacitor to effectively supply high current
during switching events.

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

4. Bypass the DVDD pin to GND using a 1.0uF low-ESR ceramic capacitor rated for 6.3V, with an X5R or X7R dielectric.
Place this capacitor as close as possible to the DVDD pin and minimize the trace length to the GND connection. If a
nearby bypass capacitor already exists for the external low-voltage power supply and power supply noise is minimal,
this component may be considered optional.

5. Bypass the AREF pin to GND using a 0.1uF low-ESR ceramic capacitor rated for 6.3V with an X5R or X7R dielectric.
Place the capacitor as close as possible to the AREF pin, minimizing the trace length to GND. If a nearby bypass
capacitor is already present for the external low-voltage power supply and power supply noise is minimal, this component
may be considered optional.

6. The DRAIN pin may be directly shorted to the PVDD pin. However, if there is a significant distance between the device
and the external MOSFETSs, it is recommended to use a dedicated trace to connect the DRAIN pin to the common drain
node of the high-side external MOSFETs. Avoid connecting the SLx pins directly to the ground plane. Instead, use
dedicated traces to connect them to the sources of the low-side external MOSFETs. These layout practices enhance the
accuracy of VDS sensing for overcurrent detection.

7. Minimize the loop length for both the high-side and low-side gate driver paths. The high-side loop runs from the GHx pin
to the gate of the high-side power MOSFET and returns via the MOSFET source to the SHx pin. The low-side loop
extends from the GLx pin to the gate of the low-side power MOSFET and returns through the MOSFET source to the
SLx pin. Reducing loop length helps improve switching performance and reduces noise.
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QFN5x5-32 Package Outline & PCB Layout
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(Reference Only)

Note: All dimensions are in millimeters and exclude mold flash and metal burr.
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Tape Dimensions and Pin 1 Orientation

Tape and Reel Information

I——ﬁ.ZU-ﬁ.-‘-lU—-J

[mt————————11. 7 2.3

Pﬁ' 8048, 10——'

"—39“1 [1-4501.55
b hd o0
[520-5.40—

Feeding direction

Reel Dimensions

Package Tape Width Pocket Reel Size Trailer Leader Length Qty per
Type (mm) Pitch(mm) (Inch) Length(mm) (mm) Reel
QFN5x5 12 8 13" 400 400 5000
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Revision History

The revision history provided is for informational purposes only and is believed to be accurate; however, not warrantied.
Please make sure that you have the latest revision.

1.0 Sept. 03, 2025 Initial Release
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IMPORTANT NOTICE

1. Rightto make changes. Silergy and its subsidiaries (hereafter Silergy) reserve the right to change any information published in this
document, including but not limited to circuitry, specification and/or product design, manufacturing or descriptions, at any time and without
notice. This document supersedes and replaces all information supplied prior to the publication hereof. Buyers should obtain the latest
relevant information before placing orders and should verify that such information is current and complete. All semiconductor products
are sold subject to Silergy’s standard terms and conditions of sale.

2. Applications. Application examples that are described herein for any of these products are for illustrative purposes only. Silergy
makes no representation or warranty that such applications will be suitable for the specified use without further testing or modification.
Buyers are responsible for the design and operation of their applications and products using Silergy products. Silergy or its subsidiaries
assume no liability for any application assistance or designs of customer products. It is customer’s sole responsibility to determine whether
the Silergy product is suitable and fit for the customer’s applications and products planned. To minimize the risks associated with
customer’s products and applications, customer should provide adequate design and operating safeguards. Customer represents and
agrees that it has all the necessary expertise to create and implement safeguards which anticipate dangerous consequences of failures,
monitor failures and their consequences, lessen the likelihood of failures that might cause harm and take appropriate remedial actions.
Silergy assumes no liability related to any default, damage, costs or problem in the customer’s applications or products, or the application
or use by customer’s third-party buyers. Customer will fully indemnify Silergy, its subsidiaries, and their representatives against any
damages arising out of the use of any Silergy components in safety-critical applications. It is also buyers’ sole responsibility to warrant
and guarantee that any intellectual property rights of a third party are not infringed upon when integrating Silergy products into any
application. Silergy assumes no responsibility for any said applications or for any use of any circuitry other than circuitry entirely embodied
in a Silergy product.

3. Limited warranty and liability. Information furnished by Silergy in this document is believed to be accurate and reliable. However,
Silergy makes no representation or warranty, expressed or implied, as to the accuracy or completeness of such information and shall
have no liability for the consequences of use of such information. In no event shall Silergy be liable for any indirect, incidental, punitive,
special or consequential damages, including but not limited to lost profits, lost savings, business interruption, costs related to the removal
or replacement of any products or rework charges, whether or not such damages are based on tort or negligence, warranty, breach of
contract or any other legal theory. Notwithstanding any damages that customer might incur for any reason whatsoever, Silergy’ aggregate
and cumulative liability towards customer for the products described herein shall be limited in accordance with the Standard Terms and
Conditions of Sale of Silergy.

4. Suitability for use. Customer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and
safety-related requirements concerning its products, and any use of Silergy components in its applications, notwithstanding any
applications-related information or support that may be provided by Silergy. Silergy products are not designed, authorized or warranted
to be suitable for use in life support, life-critical or safety-critical systems or equipment, nor in applications where failure or malfunction of
a Silergy product can reasonably be expected to result in personal injury, death or severe property or environmental damage. Silergy
assumes no liability for inclusion and/or use of Silergy products in such equipment or applications and therefore such inclusion and/or
use is at the customer’s own risk.

5. Terms and conditions of commercial sale. Silergy products are sold subject to the standard terms and conditions of commercial
sale, as published at http://www.silergy.com, unless otherwise agreed in a valid written individual agreement specifically agreed to in
writing by an authorized officer of Silergy. In case an individual agreement is concluded only the terms and conditions of the respective
agreement shall apply. Silergy hereby expressly objects to and denies the application of any customer’s general terms and conditions
with regard to the purchase of Silergy products by the customer.

6. No offer to sell or license. Nothing in this document may be interpreted or construed as an offer to sell products that is open for
acceptance or the grant, conveyance or implication of any license under any copyrights, patents or other industrial or intellectual property
rights. Silergy makes no representation or warranty that any license, either express or implied, is granted under any patent right, copyright,
mask work right, or other intellectual property right. Information published by Silergy regarding third-party products or services does not
constitute a license to use such products or services or a warranty or endorsement thereof. Use of such information may require a license
from a third party under the patents or other intellectual property of the third party, or a license from Silergy under the patents or other
intellectual property of Silergy.

For more information, please visit: www.silergy.com
© 2025 Silergy Corp. All Rights Reserved.
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