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[Notes:

[1) Functional Safety requires monitoring all "safety critical" power rails (i.e. VSYS_3V3 input, key SoC supplies) that could cause severe system failures. ASIL classification depends on the end product use case &|
|what SoC resources a customer is using that are considered to be safety-related. SoC has internal OV & UV monitoring for key SoC MCU & Main voltage domains. The status is reported by SoC’s Power OK (POK)
status bits. Optional SoC voltage monitoring inputs (i.e. VMONx_IR_VEXTxxx) can be used to extend SoC’s OV/UV monitoring to a few board level power rails if desired (i.e. load switch Vo = VDD_I0_3V3). The
[following SoC Main & SDRAM domains are classified as non-critical & do not require direct monitoring: VDDSHVS (SD Card), VPP_CORE, VPP_MCU, VDDA_3P3_USB & VDD1_LPDDR4_1VS.

2) Load Switches (LdSw) have been used to create VDD_MCUIO_3V3, VDD_GPIORET_3V3 & VDD_IO_3V3 power rails from VCCA_3V3 to provide the following benefits:

A) Correct SoC power supply sequencing by using PMIC resources (GPIO signals & power resource outputs) with desired start-up & shut-down timing delays per NVM settings.

B) PMIC monitoring of “VCCA Over Voltage” (+5 to +10%) allows PMIC to disconnect 3.3V power rails from SoC if OV condition is detected.

C) Enables low power modes (MCU Only, GPIO_RET & DDR_RET) since the different 3.3V power rails must be disabled independently for different low power modes.

D) Connecting VCCA_3V3 directly to SoC 3.3 supplies is not recommended since this will leave SoC partially energized for an extend time that can negatively impact POH reliability.

3) PMIC’s NVM Rev 0 & 1 have provisioned GPIO_8 to support multiple interface signals as listed below.
The PMIC NVM default function sets GPIO_8 = DISABLE_WDOG function following NVM initialization. This GPIO’s default function can be reassigned by system SW following SoC boot if another
interface signal is needed that is not required for SoC power sequencing.

1. Default: GPIO_8 = DISABLE_WDOG function to operate with EVM's DISABLE_WDOG signal that is latched on rising edge of PMIC's nRSTOUT
low enables normal watch dog timer operation while a logic high disables watch dog timer following a power up seq.

2. Option1: After system SW boots, SW can reassign GPIO_8 = GPI function to operate with PDN's MAIN_PWRGRP_IRQ/_IRQn (asserted high or low) signal. System SW must mask GPIOB before
changing GPIOg's assigned function. After selecting GP! function, SW must unmask GPI input and select whether the GPI will be either rising or falling edge sensitive. If any Main domain processing
supply rail has a fault, the changing logic level on GPIO8 will set internal register bit that is monitored by PMIC's power state machine and cause a transition from Full Active state to MCU Safe state. At
the board level, the WDOG_DISABLE & MAIN_PWRGRP_IRQn signals are “time mux'd” onto GPIO8's input pin by using a tri-state buffer with OE control connected to H_MCU_PORz_1V8. This enables
WDOG_DISABLE net to set GPIO8's logic level during power up seq when H_MCU_PORz_1V8 = low since buffer is tri-stated. After power up seq, H_MCU_PORz_1V8 = high enabling buffer to drives
MAIN_PWRGRP_IRQn logic level into GPIO8 input.

3. Option2: GPIO_8 = WKUP1 function can be selected by SW to operate with SoC's PMIC_PWR_EN1 signal for emulator debug control of PMIC power resources i.e. enabling VOD_CORE to activate
core logic required to support JTAG signaling across the device). Combining board level WDOG_DISABLE & PMIC_POWER EN1 signals using a resistor network is possible since WDOG_DISABLE pulls |
ogic level high when switch is closed. Afterwards, switch can be opened and PMIC_PWR_EN1 signal will drive GPIO_8.

{_MCU_PORz_1V8 at end of power-up seq. A logic

NVM Rev 1 changes: (NO required EVM board SCH impacts)

1. GPIO Retention Entry/Exit Handling - If Wake signal triggers while being armed, PMIC will enter Retention and then immediately exit.

2. Optimize SoC power down seq when using discrete component rails to align with J7 SoC DM recommended seq as follows:
A. Updated power down seq of VDA_DLL_OVS to shift disabling from 2.5ms to 1.0ms due to ~1ms delay in VDA_DLL_0V8 RC discharge before VDD_CPU_AVS & VDD_CORE_0V8 disable.
B. Updated power down seq of VDD_MCU_OVSS to shift disabling from 2.5ms to 2.0ms to ~align with disabling of VDD_CPU_AVS & VDD_CORE_0V8

3. At startup, all PMIC power resources/rails are mapped to a single MCU_PWR_ERR group. This enables 1x PMIC PN to support both Grouped & Isolated PDN board designs.
A. Grouped MCU & Main PDNs (3G to 3M) need 1x PMIC power group to enable fault on any monitored rail to cause an orderly shutdown.
B. Isolated MCU & Main PDNs (3A to 3F) will need MCU power management SW to create 2x power groups (MCU & Main) by writing OX1E to PMIC register 0x44 following boot for correct Fusa

operations.

NVM Rev 2 changes: (EVM board SCH/BOM impacts, see New board designs or )
1. PMIC VCCA input voltage level auto-detection that enables 1x PMIC PN to support PDNs using either 5V or 3.3V.
2. PMIC internal Watchdog Timer is disabled at start-up. This allows GPIO8 function to be used as a PMIC internal configuration control. MCU SW will need to start watchdog timer as part of enabling
full Fusa features.
3. GPIO8 logic level is latched before 3ms time step during power up sequence & directs PMIC to configure internal resources as follows:
Low = PMIC creates 2x power groups; Enables BUCKS per power up seq (Removes MCU SW write requirement needed in NVM Rev1 above.)
High = PMIC creates 1x power group; Removes BUCKS from power up seq (Allow system SW to reassign BuckS for supplying peripheral devices that can be enabled after boot)

Existing board SCH/PCB revisions & New board designs can simplify GPIO8 interface as follows:
A. Do not install 74LVC1G126 buffer connected to GPIOS
8. Install blue-wire/new net connecting MAIN_PWRGRP_IRQn directly to GPIO8
C. Watchdog Timer 2-pole switch can be removed
D. Pull-down resistor to Gnd can be removed
E. MCU_PORz buffer to 74LVC1G126 buffer's OE input can be removed.
F. If emulation debugging mode is desired, then keep 2x in-line resistors for an R-mux connection to GPIOS. If not desired, then all in-line Rs can be removed.

|4) GPIO Retention (aka GPIO_RET, I0_RET, I0 Wake) low power mode requires:

A) SoC SW executes command sequence that sets key PMIC register bits in order to enter GPIO_RET low power mode of operation and select the desired wake-up destination state (i.e. Full Active or
MCU Only).

B) After entering GPIO_RET mode, the following power rails will remain energized & all other SoC MCU & Main supplies will be shut off to minimize power:

D_GPIORET_WK_OVS supplying MCU’s VDD_MCU_WAKE1 for MCU’s 0.8V wake-up logic
2. VDD_GPIORET_I0_3V3 supplying MCU’s VODSHVO_MCU for MCU’s 3.3V IO toggle activity

) PDN system exits GPIO_RET state upon receiving logic toggles on SoC’s MCU monitored 10 signals ref to VDDSHVO_MCU supply. Then H_MCU_WAKE1n (= SoC’s Open-Drain PMIC_WAKE1n, active
low) signal connected to PMIC, GPIO_4 (= WKUP1 default function for Full Active or = WKUP2 for MCU Only destination state) is asserted and PMIC state machine transitions PDN system to
desired targeted wake up state.

D) The Open-Drain Buffer SN74LVC1GO7DRLI (tri-states 10 when power is OFF) connects PMIC_WAKE1n to SOC_PWR_WKn net at discrete open-drain FET node. It is needed to isolate the SoC output
buffer from the always on VCCA_3V3 used as pull-up supply to prevent current bleeding into SoC during low power modes (MCU Only, DDR_RET) when VDD_GPIORET_3V3 is typically disabled.

5) DDR Retention (aka DDR_RET, Suspend-to-RAM, S2R) low power mode requires:
) PMIC PN to assign GPIO_6 = Regulator Enable (REGEN) function with an open-drain output buffer type per NVM default settings. The board level net H_DDR_RET_1V1 signal is pulled up to
VDD_DDR_1V1 & connected to SoC's DDR_RET input. When this input is set high, SoC's EMIF 10 buffers are set to high-Z state as part of entering DDR_RET mode.
B) SoC SW executes command sequence that sets key PMIC register bits in order to enter DDR_RET low power mode of operation and select the desired wake-up destination state (i.e. Full Active or
MCU Only).
C) After entering DDR_RET mode, the following power rails will remain energized & all other SoC MCU & Main supplies will be shut off to minimize power:
1.VDD_DDR_1V1 supplying both SoC EMIF & SDRAM 10 voltages
2. VDD1_DDR_1V8 supplying SDRAM only
D) PN system exits DDR_RET upon detecting a CAN_WAKE signal edge toggle on PMIC's GPIO_4 = LP_WKUP1 function per NVM settings that initiates exiting DDR_RET mode & restores Full Active
processor operations.

6) SoC devices come in two types: General Purpose (GP) & High Security (HS). All GP devices can leave the VPP domains unconnected per DM. Pre-programmed HS devices can also leave VPP domains
unconnected if no additional EFUSE programming is needed. If customer desires capability for in-the-field updates, then on-board EFUSE programming will require an additional 1.8V, 150mA LDO.
When disabled, this LDO's Vo will need a high impedance output. Recommended PNs: TPS73101-EP, fixed 1.8V TPS73118-Q1 or TLV70018-Q1. The EN_EFUSE_VPP control signal must be sourced
from an SoC GPIO for this PDN (due to limited number of PMIC GPIOs). This allows SoC SW to control Efuse VPP voltage level by enabling & disabling dedicated LDO as needed to program High
Security SoC Efuses (see SoC DM for details).

7) PDN shows SoC's VDA_3P3_USB domain supplied from a low noise LDO with a VSYS_5V input as preferred for optimal USB 2.0 data eye mask performance. If USB 2.0 I/F is not used or is only needed
for development tasks, then the digital VDD_IO_3V3 rail with in-line supply filter can be used as an alternate supply. Using digital VDD_IO_3V3 rail to support USB 2.0 I/F removes a discrete LDO
&VSYS_5V input but could negatively impact data eye performance due to higher supply noise causing data eye mask violations.

18) PDN shows SoC's Main domain’s VDDSHVS supply being sourced from a dual voltage LDO with a VSYS_5V input as preferred for compliant high-speed SD card operation. If SD card is not used or only
standard data rate operation is sufficient, then the digital VDD_IO_3V3 rail with in-line supply filter can be used as an alternate supply. Using digital VDD_IO_3V3 rail to support D Card operation
removes dual voltage, discrete LDO & VSYS_SV input but will restrict data rates to standard 12Mb/s with VIO =3.3V.

9) A low voltage translator with a VGS or VIH max spec less than 0.76V (-5% supply tol on 0.8V) is needed to ensure a 3.3V logic high level output. 3x different examples are shown below:
#1 A discrete FET voltage translator with low VGS threshold below an input min 0.76V. EVM PROC141E2/E3_SCHs use discrete FET PN w/ low VGS but only industrial temp grade.
#2 A single channel, voltage translator (SN74AXC1T45-Q1) that s automotive AEC-Q100 qualified, gradel. for -40 to +125C operation could be used as an alternative.
#3 If using AEC-Q100 translator for interfacing to discrete TPS6287xY1-Q1 buck’s “I " | pi g FET stage (Ex 3, shown below) is needed to provide an open-drain
interface connection to “MAIN_PWRGRP_IRQn" net. This allows a buck converter to pull-low the “MAIN_} PWRGRP IRQn" net After buck is enabled if a fault should occur resulting in the buck
asserting the EN/Status pin low.

Examples: #1 - Discrete FETs w/low VGS  #2 - Auto Q1, Single Ch, Voltage Translator w/ low Vth  #3 ~ Same as #2 with additional FETs for open-drain I/F to bi-dir EN/Status pins
1 B
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. VDD_MCU_OVBS  VCCA_3V3 VDADLLOVE VCCA 3v3 1

“MAIN_PWRGRP IRQn"

OR SN74AXC1TA5-Q1 =

- SN7aAXCITA5-Q1

(0D buffer I/F needed for TPS6287x-Q1 buck connection using AEC-100 Translator)

110) Worst case analysis for very high thermal use cases could result in VCCA_3V3 load current in 15-18A range. This large load current range could lead to a 60 - 72mV voltage drop across Safety FET (Recm'd
PN: NVMFS4COSN) for a max RDSon = 4mohm. The TP$22965-Q1 load switches have max RDSon = 27mohm with 4A max rating resulting in additional max drop of 108mV. SoC’s 3.3V supply tolerance is
+/-5% or 165mV. Total RDSon drops across Safety FET & Load Switches range from 168 — 180mV which exceed SoC's min voltage limit. For this reason, the Tulip buck input voltage will be moved from
VCCA_3V3 to VSYS_3V3 since VDD_CPU_AVS & VDD_CORE_OVS rails account for more than 70% of VCCA_3V3 worst case load currents.

[11) If GPIO Retention low power mode is desired, then connect all SVS-B VMON inputs to existing MCU supplies (as shown) sourced from PMIC to enable 1x common PN for SVS-A & -8 while avoiding false
positives on “unconnected” VMONS. If an end product does not need GPIO Retention low power mode, then the 3x following components can be removed from the PDN: LDO-C, LDSW-B & SVS-B.
Group the SoC input supplies according to he “PDN Features for Isolated Power Rails” table shown below using the “Standard Operation & MCU Only” assignments row.

[12) The OR gate function enabling the discrete LDO supplying 1.8V to LPDDR4 VDD (Internal bias voltage) needs to revert back to original discrete FET OR gate circuitry (see PROC141E2_SCH or snap-shot
below). Reason for reverting is due to the OR gate needing a max input voltage threshold less than 1.05V (-5% of 1.1V) since the EN_DDR_RET_1V1 signal is sourced from an open-drain PMIC GPIO with
PU resistor to VDD_DDR_1V1 supply with +/-5% supply tolerance. In addition, the OR gate needs to remain energized during DDR Retention low power mode when only VDD_DDR_1V1 &
VDD1_DDR_1V8 rails remain energized. Therefore, the OR gate supply must use VSYS_3V3 or VCCA_3V3 input supply that remains on in DDR Ret mode. The single logic gate IC (SN74LVC1G97-Q1) used]
for enabling other power resources interfaced to 3.3V signaling levels can not be isad with 1 1V sionaling since it max input voltzge threshold for 3.3V supply is “2.2V.

Original discrete FET OR gate circuit used in PROC141E2_SCH:

Leo PMIC-A, PN TPS6594133ARWERQZ (TI PN ID = 1, MP Buck Rails = 3, PG2.0 NVM ID = 3A Rev 2)
HCPS-A & B, Tulip PN TPS62873Y1QWRXSRQ1 (15A PN ID = 3, Jacinto7 Family ID = Y1)
Safety Voltage Supervisor, PN TPS389006004RTERQ (OTP ID = 004 = new common PN for use with Jacinto7 J78454 PDN-3A scheme)

J74252 EVM Leo + 2x High-Current Pwr Stages(HCPS) PDN-3A

Features Supported (EVM Max Features):

1. SoC performance: Max 2.0GHz clock with SERDES interfaces operational

2. Functional Safety: ASIL-D capable sys w/ isolated Main & MCU power rails (supply FFI)
3. 4x SDRAMs: 32Gb, 4-Die, 32b, 4266MTs, LPDDR4 mode
4, Boot & Mass Flash: Octal SPI or Hyperflash & eMMC, UFS
5. Signaling Levels: MCU & Main Dual VIO
6. Low power modes:

a. MCU Island/Only with Dual VIO (needs 4 indep pwr rails & 1 cntrl signal min)
b. MCU GPIO Retention (needs 2 indep pwr rails & 1 cntrl signals min)
c. DDR Retention/S2R (needs 1 add'l indep pwr rail & 1 cntrl signal min)

(All SoC PN variants: TDA4AP/VP/AH/VH)
(Power Rail & GPIO Mapping Overview)

7. End Product Options:
a. Compliant high-speed SD Card (needs 1 indep pwr rail & 1 VIO cntrl signal & discrete
LDO needs Vin = 5V)
b. Compliant USB 2.0 data eye (needs 5V, 1 indep pwr rail & discrete LDO needs Vin = 5V)
c. HS SoC Efuse programming on-board (needs 1 indep pwr rail & 1 cntrl signal)

45A HCPS - A

[Stackable, Fast Converter
[Stackable, Fast Converter | |

V0.20 5/21/2024

1. Created J74252 EVM PDN-3A detailed PDN diagram from J78454 EVM PDN-3A v0.20 diagram.
2. Modified SoC block to show 174252 & package differences.
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Modular PDNs support Flexible Feature Sets

Feature Remavals

Power Resource &

Power Rall Remavals

5 S0 EFUSE Programming

Discrata 10O

VPP_EFUSE_1vat

Comphiant, USE 2.0 data eye

Complant, High-Speed S0 Card

Dise

Discreta LDO

VOD_SD_DV

DOR Retention low power mode

Discrete LDO

VOD1_DOR_1VE

MCL GPIO Retention low power mode  Discrat
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New Supply Mappings

T SoL: VPPs => No connects
SoC: VDDA_3P3_USE => filtered VDD_ID_3V3

SolC: VDDSHVS => VDD_I0_3V3 or VOD_I0_1VE

LPDDRA: VDD1 == VDD _10_1VE

isolated MCU & Main PDN Schamas:

SolC: ¥VDD_MCU_WAKE! -> VDD_MCU_OVES

Grauped MCU & Main PON Schemes:
SoC: YDD_MCU_WAKET => \DD_CORE_0VS

fsolated MCU & Main PN 5¢
SoC: VDDSHVD_MCU
VDD_MCUIO_1V8

Grouped MCU & Main PON Schemes:
SoC: VDDSHVO_MCU => VDD._I0_3V3 ar
VOD_I0_1v8

PMIC: GPIO_10 pulied-up 1o VCCA_3V3.
SalC: VDD_WAKED => VDD_CORE_OVE:

PMIC: GPIO_10 pulled-up to VCCA_3v3

=>VDD_MCUI0_3v3 or

DOSHYZ > VDD_I0: 3V3 or VOD_IO_1VE

Standard Operation vadar_meu vdd_core
& Mcu Only vdd_meu_wakel  vdd_wakeo
vad_meu
vddar_meu vid_core
DR Retention vdd mcu wakel  vdd_waked
vid meu
vedar_meu vdd_core
GPI Retention-MCU & Main
vid_care
GPID Retention-MCU vdd_wake0
vdd_core

GPIO Retention-Main vdd_meu wakel

Notes:

vadshvo. e
vidsh2mew

vedshv0_mew
vdshv2_meu

veldshv2_mew

vddshv2_meu

veldshvd._mew
veldshv2_meu

1) Pawer rail names shown in "ALL CARITAL LETTERS"
2) SoC input supplics shown in “l lower case letters”

SoC Inpuit Supply to Power Rail Groupings vs PDN Low Power Mode Features
PDN Features

MCU & Main PDN Powar Rails
Ve
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>> = SW commands req'd to reassign GPIO pin
function after SoC BOOT per board design needs.
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