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Product data sheet

1 General description

The PF9453 is a single chip Power Management IC (PMIC) designed for i.MX 91 or i.MX 93 processors. It
provides power supply solutions for Industrial, loT, smart appliance, and portable applications where size and
efficiency are critical.

The device provides four high efficiency step-down regulators, up to three LDOs, one 400mA load switch

and a 32.768 kHz crystal oscillator driver. One buck regulator supports dynamic voltage scaling (DVS) along
with programmable ramping up and down time. This device is characterized across -40 °C to 105 °C ambient
temperature range for HVQFN40 package and across -40 °C to 85 °C for WLCSP36 package, making it a

good option for the industrial, extended industrial, and consumer markets. The four step-down regulators are
designed to provide power for the i.MX 91/93 processor and the associated DRAM memory. One always-on
LDO is for secure nonvolatile storage (SNVS) core power supply, remainder LDOs are used to supply power to
processor and peripheral devices. One 400 mA load switch supplies 3.3 V power to the SD card, the load switch
has an internal discharge resistor used to discharge the electric charge stored in the output when the equipment

is turned off, for safety reasons.

The PF9453 is offered in two packages:

* 40-pin HYQFN package, 5 mm x 5 mm, 0.4 mm pitch.
* 36-bump wafer-level CSP package, 2.46 mm x 2.46 mm, 0.4 mm pitch.

Table 1 shows the differences between QFN and WLCSP package.

Table 1. Differences between PF9453 QFN and WLCSP

Characteristic

PF9453 QFN

PF9453 WLCSP

Details

Package type

HVQFN40

WLCSP36

6 Pinning information

Number of regulators

4 BUCKs, 3 LDOs

4 BUCKs, 2 LDOs (LDO2 not
available)

7 Functional description

OTPs and current limit for
BUCKs

A1, B1, and A2 OTPs available

A1 and B1 OTPs available

4 Ordering information

Temperature range

-40 °C to 105 °C for industrial
and consumer applications

-40 °C to 85 °C for consumer
applications

12 Thermal characteristics

Reset input pins

PMIC_RST_B and WDOG_B
pins available

Only WDOG_B pin available

7.5 PMIC_RST_B
configuration

LDO SNVS output voltage

Configurable from 1.2 V to 3.4
\Y,

Configurable from 0.8 V to 3.0
\Y

8.2.28 LDOSNVS_CFG1

LDO1 input voltage

Dedicated input voltage

Connected to VSYS

5 Block diagram

Load switch protection

Overcurrent/short-circuit
protection available

No overcurrent/short-circuit
protection

7.6.4 Load switch

Register map

All registers in the register map
table are available for QFN
package

Some registers in the register
map table are not available for
WLCSP package

8.2 Register details
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2 Features and benefits

* Four buck regulators
— BUCK1: 0.6 VV to 3.775 V, 25 mV step, 2000 mA’
— BUCK2: 0.6 V t0 2.1875 V, 12.5 mV step, 2700 mA'
— BUCK3: 0.6 Vto 3.775 V, 25 mV step, 2000 mA
— BUCK4: 0.6 V10 3.775 V, 25 mV step, 2500 mA'
— Dynamic voltage scaling on BUCK2
— Monitor fault condition
* Three linear regulators
— LDO_SNVS, always-on, 1.2 V to 3.4 V (QFN package) or 0.8 V to 3.0 V (WLCSP package), with 25 mV
step, 10 mA
—LDO1, 0.8 Vto 3.3 V with 25 mV step, 250 mA, voltage selection through SD_VSEL pin
—LDO2, 0.5V to 1.95 V with 25 mV step, 200 mA (only available in QFN package)
* One 400 mA load switch with a built-in active discharge resistor and GPIO/I’C control
» 32.768 kHz crystal oscillator driver and buffer output
* Power control I/O
— Power ON/OFF control
— Standby/Run mode control
— Watchdog reset input
* Flexible power ON/OFF sequence, one time programmable (OTP) device configuration
* Built-in active discharge resistor
« Fm+ 1 MHz IC Interface
» ESD protection
— Human body model (HBM) +2000 V
— Charged device model (CDM) 500 V
¢ 40-pin QFN,5 mm x 5 mm, 0.4 mm pitch
* 6 x 6 bump array, WLCSP, 2.46 mm x 2.46 mm, 0.4 mm pitch

3 Applications

* |oT devices

* White goods appliances
* Industrial applications

» Portable devices

1 Output current of PF9453 regulators changes depending on the part number; refer to Table 2
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4 Ordering information

Power management IC for i.MX 91 and I.MX 93

Table 2. Ordering information

applications)

body (backside coating
included), 0.4 mm pitch

Part number Topside |Ambient Package OTP Processor Notes
marking |temperature . . configuration
Name Description Version
_ f 1
MPF9453AVMA1THN 40 °C to +105 °C A1 i.MX 9131, 9111
MPF9453AVMA2HN - (for use in industrial A2 i.MX 93 @
MPF9453AVMBTHN - applications) 40-pin QFN, 5.0 mm x 5.0 B1 iMx9121, 9101 | B
HVQFN40 | mm with exposed pad, 0.4 |SOT2231-1 .
MPF9453ACMA1THN - -40°Cto +85°C mm pitch A1 iMX 9131, 9111 |
_ (for use in 31
MPF9453ACMB1HN consumer B1 i.MX9121, 9101
applications)
- i i 1
MPF9453ACMA1UKR2 40 °C to +85 Wafer Le.vel Chip Sc.ale A1 i.MX91
o Package; 36 bumps; 2.46 6l
- C (for use
. WLCSP36| mm x 2.46 mm x 0.525 mm | SOT1780-14
MPF9453ACMB1UKR2 In consumer B1 i.MX9121, 9101

[11 For A1 OTP configuration, BUCK1 and BUCKS3 are 1000 mA, BUCK2 is 1500 mA and BUCK4 is 2500 mA
[2] For A2 OTP configuration, BUCK1 and BUCKS3 are 2000 mA, BUCK2 is 2700 mA and BUCK4 is 2500 mA
[3] For B1 OTP configuration, BUCK1, BUCK2 and BUCK3 are 1000 mA, and BUCK4 is 1500 mA

Details of the OTP programming for each device can be found in Section 14.

5 Block diagram

PF9453
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5.1 Block diagram QFN package

Power management IC for i.MX 91 and I.MX 93

Output current of PF9453 regulators changes depending on the part number. See Table 2
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Figure 1. PF9453 block diagram - HVQFN40 package
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5.2 Block diagram WLCS

P package

Output current of PF9453 regulators changes depending on the part number. See Table 2

Power management IC for i.MX 91 and I.MX 93

VSYS
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PF9453 WLCSP
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and
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I 1uF
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_L Cc17 D LSW
I 1uF [« >
L
LSW_EN| ~ ll:
c18 XTALIN|
L it L L | 32768kHz
) 19 X-tal l;' 1 XTAL_OUT [ —— X-TAL driver
Il
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Figure 2. Block diagram WLCSP package
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6 Pinning information

Power management IC for i.MX 91 and I.MX 93

6.1 Pinning QFN package
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Figure 3. PF9453 pin map — HVQFN40 Transparent top view
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6.2 Pinning WLCSP package

PF9453 WLCSP

aaa-056951
Figure 4. PF9453 pin map WLCSP36 — Top view (bump-side down)
6.3 Pin description QFN package
Table 3. Pin description — PF9453 QFN
Symbol Pin Type Description
LDO2 1 P LDO2 output, bypass with a 4.7 pF to GND
INL2 2 P LDO2 input pin, bypass with a 4.7 uF to GND
BUCK2FB 3 Al Buck 2 feedback pin
LX2 4,5 P Buck 2 switching node
INB12 6,7 P Buck 1 and Buck 2 input pins, bypass with 2 yF x 10 yF
LX1 8,9 P Buck 1 switching node
BUCK1FB 10 Al Buck 1 feedback pin
POR_B 1 DO Power-on reset (POR) output pin. Open-drain output requiring external pullup
resistor
SCL 12 DI 12C serial clock pin
SDA 13 DIO I°C serial data pin
CLK_32K_OUT 14 DO 32.768 kHz clock CMOS output with LDO_SNVS power rail
PMIC_ON_REQ 15 DI PMIC input from an application processor. When it is asserted high, the device
starts power on sequence
XTAL_IN 16 Al 32.768 kHz crystal oscillator input, tie to GND if X-tal is not used
XTAL_OUT 17 AO 32.768 kHz crystal oscillator output, leave floating if X-tal is not used
PMIC_RST_B 18 DI PMIC reset input pin. Once it is asserted low, PMIC performs a Cold Reset
PF9453 Al information provided in this document is subject to legal disclaimers. © 2025 NXP B.V. All rights reserved.
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Table 3. Pin description — PF9453 QFN...continued

Power management IC for i.MX 91 and I.MX 93

Symbol Pin Type Description

IRQ_B 19 DO PMIC interrupt pin, open-drain output requiring external pullup resistor.

WDOG_B 20 DI Watchdog reset input from application processor

BUCK4FB 21 Al Buck 4 feedback pin

LX4 22,23 Buck 4 switching node

INB34 24, 25, 26 Buck 3 and Buck 4 input pins, bypass with 2 uF x 10 pyF

LX3 27,28 Buck 3 switching node

BUCK3FB 29 Al Buck 3 feedback pin

LSW_EN 30 DI Load switch enable input pin. It has an internal 1.5 MQ pulldown resistor

PMIC_STBY_REQ 31 DI Standby mode input from application processor. When it is asserted high, the
device enters standby mode

LSWIN 32 P Load switch input pin. Bypass with a 1 yF to GND

LSWOUT 33 P Load switch output pin, bypass with a 1 uF to GND

AGND 34 GND Analog GND pin. It should be connected to the GND plane through via. Do not
short to EPAD directly on the top layer

SD_VSEL 35 DI LDO1 voltage selection input pin. LDO1 output is 3.3 V when it is driven low and
1.8 V when driven high

VINT 36 P Internal power supply output, bypass with a 1 yF to GND

VSYS 37 P Internal power input. Bypass with a 1 yF to GND

LDO_SNVS 38 P LDO_SNVS output pin, bypass with a 2.2 yF to GND

LDO1 39 P LDO1 output. Bypass with 2 uF x 4.7 yF to GND

INLA1 40 P LDO1 input pin, bypass with 2 uF x 4.7 uF to GND

EPAD 41 GND Exposed pad, connect to GND

6.4 Pin description WLCSP package

Table 4. Pin description — PF9453 WLCSP package

Symbol Pin Type Description

LSWOUT A1 P Load switch output pin, bypass with a 1 yF to Ground.

LSWIN A2 P Load switch input pin. Bypass with a 1 pF to Ground

AGND A3 GND Analog ground pin. It should be connected to ground plane through Via

VINT A4 Internal power supply output, bypass with a 1 yF to GND

VSYS A5 Internal power input. Bypass with a 1 pF to Ground

LDO1 A6 P LDO1 output. Bypass with 2 x 4.7 uF to Ground

PGND3 B1 GND Buck 3 power ground

BUCK3FB B2 Al Buck 3 feedback pin

SD_VSEL B3 DI LDO1 voltage selection input pin. LDO1 outputs voltage set by L1_OUT_L[6:0]
when it is driven low and L1_OUT_H][6:0] when driven high

LDO_SNVS B4 P LDO_SNVS output pin, bypass with a 2.2 pF to Ground

BUCK2FB B5 Al Buck 2 feedback pin

PGND2 B6 GND Buck 2 Power ground

LX3 C1 P Buck 3 switching node

LSW_EN Cc2 DI Load switch enable input pin. It has internal 1.5 Mohm pull down resistor

CLK_32K_OuUT C3 DO 32.768 kHz clock CMOS output with LDO_SNVS power rail

SDA C4 DIO 12C serial data pin

PMIC_STBY_REQ C5 DI Standby mode input from application processor. When it is asserted high, device
enters STANDBY mode

LX2 Cc6 P Buck 2 switching node

PF9453
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Table 4. Pin description — PF9453 WLCSP package...continued

Symbol Pin Type Description

INB34 D1, D2 P Buck 3 and Buck 4 input pins, bypass with 2 x 10 pF

WDOG_B D3 DI Watchdog reset input from application processor

SCL D4 DI 12C serial clock pin

INB12 D5, D6 P Buck 1 and Buck 2 input pins, bypass with 2 x 10 pF

LX4 E1, E2 P Buck 4 switching node

IRQ_B E3 DO PMIC interrupt pin, open drain output requiring external pull up resistor

PMIC_ON_REQ E4 DI PMIC ON input from application processor. When it is asserted high, the device
starts power on sequence

POR_B E5 DO Power On reset output pin. Open drain output requiring external pull up resistor

LX1 E6 P Buck 1 switching node

PGND4 F1 GND Buck 4 power ground

BUCK4FB F2 Al Buck 4 feedback pin

XTAL_OUT F3 AO 32.768 kHz crystal oscillator output, leave float if X-tal is not used

XTAL_IN F4 Al 32.768 kHz crystal oscillator input, tie to GND if X-tal is not used

BUCK1FB F5 Al Buck 1 feedback pin

PGND1 F6 GND Buck 1 power ground

7 Functional description

7.1 Functional diagram
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PF9453
Flexible sequencer Regulators
Flexible sequencer Linear Regulator Switching Regulator
LDO_SNVS BUCK1
(1.2Vto 3.4 Vin QFN; (06V 103775V,
o 0.8V t03.0Vin WLCSP o Vioo. g
Bias/Timin b
9 25 mV Step) 10 mA 25 mV Step)
2000 mA®), 1.1V
Internal Bias LDO1
(0.8 V10 3.3V, 25 mV Step) BUCK2
250 mA (0.6 Vt02.1875V,
Power on sequence/Timing 12.5 mV Step)
2), (QFN);
o 2700 mA(2), (QFN);
Holes 2000 mA(2) (WLCSP),
(0.5Vto 1.95V, 25 mV Step) 0.85V DVS
200 mA
Logic Control BUCK3
) (0.6 Vto3.775V,
AP logic control 25 mV Step)
2000 mA(), 1.8V
12C communication BUCK4
(0.6 Vto3.775V,
25 mV Step)
DVS Control 2500 mA®), 3.3V
Protection Load Switch Clock
. 32.768 KHz
Thermal Warning/Protection Load switch X-TAL Driver
UVLO Current limit (1) LDO2 is only available in QFN package
(2) Output current of PF9453 regulators changes depending on the part number;
refer to Table 1
aaa-061286
Figure 5. PF9453 functional block diagram

7.2 PF9453 OTP version

The PF9453 can be configured to each regulator default voltage and startup sequence from the internal OTP
configuration. Table 5 shows the power-up sequence for existing OTPs.

Table 5. Power up sequence

Regulator MPF9453AxMA1HN, MPF9453AxMA2HN, MPF9453ACMA1UKR2, MPF9453ACMB1UKR2
MPF9453AxMB1HN

LDO_SNVS 1.8V, always on 1.8 V, always on

BUCK1 T4,11V T4,11V

BUCK2 T1,0.85V T1,0.85V

BUCK3 13,18V T3,1.8V

BUCK4 15,33V T5,3.3V
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Table 5. Power up sequence...continued

Power management IC for i.MX 91 and I.MX 93

Regulator MPF9453AxMA1HN, MPF9453AxMA2HN, MPF9453ACMA1UKR2, MPF9453ACMB1UKR2
MPF9453AxMB1HN

LDO1 T6,3.3V/1.8V T2,0.8V

LDO2* T2,0.8V NA

Load Switch T5 T5

Details of the OTP programming for each device can be found in Section 14.

7.3 Power states

PF9453 has six power states: OFF, SNVS, RUN, PWRDN, PWRUP, and FAULT_SD. Figure 6 shows the state
transition diagram with the conditions to enter and exit each state.

Any OFF
State /' vsys_uvLo =1 Qate
VSYS_UVLO =0
A.

THSD=0or trLT SD _STAY

PMIC_ON_SRC =H
PWRUP Seq

l RUN
state

PWRDN Seq

PMIC_ON_SRC =L

or Cold Reset FAULT_SD

state

VR_FLT"
Or THSD = 1

PMIC_STBY =H

STANDBY
mode

*VR_FLT does not include LDO_SNVS. Avoid short circuit.

DPSTANDBY
mode

PMIC_DEEP_STBY =H

aaa-056839

Figure 6. Power states diagram

7.3.1 Off state

PF9453 enters the OFF state from any state when VSYS falls below the Vsys yvio threshold. All regulators,
including LDO_SNVS are off, and all registers get reset in the state.
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7.3.2 SNVS state

PF9453 enters the secure non-volatile storage (SNVS) mode when VSYS exceeds the Vsys yyLo rising
threshold. LDO_SNVS is turned on within tgyys. After turning LDO_SNVS on, the power on source signals to

move to PWRUP state are monitored.

UVLO +—" TSWUVLO
POR _— | =
VSYS _ POR- P\OR
VINT / \
— ~—tsnvs
LDO_SNVS  NVCC_BBSM_1V8 V
X-tal Osc
t32K_EN
CLK_32K_OUT
Mode OFF Ready SNVS OFF
aaa-059158
Figure 7. SNVS state ON/OFF sequence
Table 6. SNVS state
Time Description Value
tsnvs Maximum time to enable LDO_SNVS from VSYS UVLO detected 10 ms
t3ok_EN Time to stable 32 kHz clock buffer output from VSYS UVLO detected 1s

7.3.3 PWRUP state

7.3.3.1 Power ON sources

When the internal signal PMIC_ON_SRC is asserted high in the SNVS state, it starts powering up regulators
with the pre-defined power ON sequence. The PMIC_ON_SRC signal is generated by these two signals:

« PMIC_ON_REQ after its debounce time (ton_pes)
¢ PMIC_RST_B after its debounce time (tpes_pmic_rst B) @and ONKEY timer (tonkey) expires.2
For more details about PMIC_RST_B behavior and configuration see Section 7.5.

Figure 8 shows how PMIC_ON_SRC is generated.

PMIC_ON_REQ —{ tON_DEB

PMIC_ON_SRC

ONKEY
Timer

PMIC_RST B — tDEB_PMIC_RST_B [—|

aaa-061287

Figure 8. PF9453 power on source

2 PMIC_RST_B pin is available only in QFN
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7.3.3.2 Power-on sequence

PF9453 supports a flexible power sequencer allowing the power-on sequence to be preprogrammed in OTP.

When PMIC_ON_SRC is asserted high, the PUD_T1 group is turned on at first in the ton_sTEP after
PMIC_ON_SRC is high. The next group, PUD_T2 is turned on in the ton_step after POK of the PUD_T1 group
regulator(s) is high. If the POK does not come up within tpok_gxp, then the POK is ignored and the next group
is turned ON in ton_sTEP. This power-on sequence ends up releasing the POR_B pin high impedance in trsts
after the last group, PUD_T16 regulator, is turned ON. For PUD group which any regulator is not assigned, the
next PUD group is turned on in ton_sTEP.

VSYS Vsys_uvLo
LDO_SNVS tsnvs
PMIC_ON_SRC Ignored during Power up Ignored during Power down
|
toN_STEP | fPOK
PUD_T1 Gr fon sTEP [‘—’
- toFF_STEP
POK
PUD_T2 Gr A
ON_STEP
= toFF_sTEP
PUD_T3 Gr tPOK \
ON_STEP r—’
toFrF_STEP
PUD_T4 Gr \

PUD_T15 Gr POK
toN_STEP
toFF_sTEP
PUD_T16 Gr POK \
tRSTB

toFF_STEP
POR_B
OFF SNVS PWRUP RUN PWRDN SNVS
aaa-042226
Figure 9. PF9453 ON/OFF sequence

Table 7. Power ON/OFF sequence timing table

Time Description Value Comment

ton_sTEP Time step to turn on each regulator 2ms Programmable, PSQ_TON_

STEP. OTP programmable

torF_sTEP Time step to turn off each regulator 8 ms Programmable, PSQ_TOFF_
STEP. OTP programmable

trsTB Time from PUD_T16 GrPOK to POR_B release |20 ms —
during Power On sequence
trok_ExP POK wait timer out during Power On sequence 10 ms —
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When PMIC_ON_SRC is asserted low in the RUN state, the PF9453 enters the PWRDN state, where it starts
with pulling down POR_B, and then turning off each PUD group in torr_step. The state machine then enters the
SNVS state. See Figure 9.

7.3.5 RUN state

The PF9453 enters the RUN state after the PWRUP state. If PMIC_ON_SRC is asserted low, the PF9453
transitions to the PWRDN state. When a cold reset event is triggered in the RUN state, it transitions to the
PWRDN state. If a Regulator fault or Thermal shutdown happens in this state, it transitions to FAULT_SD state.

As shown in Table 8, there are three modes in the RUN state, ACTIVE, STANDBY and DPSTANDBY modes,
depending on the PMIC_STBY_REQ pin and the STANDBY_CFG bit in the SYS_CFG1 register.

Table 8. States summary

State Mode VSYS PMIC_ON_SRC STANDBY_CFG bit PMIC_STBY_REQ
OFF — VSYS < VSYS_UVLO X X X

SNVS — VSYS > VSYS_UVLO Low X X

RUN ACTIVE VSYS > VSYS_UVLO High X Low

RUN STANDBY VSYS > VSYS_UVLO High 0b High

RUN DPSTANDBY VSYS > VSYS_UVLO High 1b High

Note: Signals with letter "X" are meant to be ignored.
Internal signals to change modes are generated as below.

1. PMIC_STBY = PMIC_STBY_REQ pin when STANDBY_CFG = Ob. PMIC_STBY is set high only when the
PMIC_STBY_REQ pin is high and the STANDBY _CFG bit is Ob.

2. PMIC_DEEP_STBY = PMIC_STBY_REQ pin when STANDBY CFG = 1b. PMIC_DEEP_STBY is set high
only when the PMIC_STBY_REQ pin is high and the STANDBY_CFG bit is 1b.

Each regulator and load switch has enable configuration bits to turn on each mode.
00b = OFF

01b = ON at RUN State

10b = ON at ACTIVE mode or STANDBY mode, OFF at DPSTANDBY

11b = ON at ACTIVE mode, OFF at STANDBY or DPSTANDBY

7.3.5.1 ACTIVE mode

When PF9453 enters the RUN state from the PWRUP state, the state machine enters the ACTIVE mode
at first. Then it transitions to STANDBY mode or DPSTANDBY mode, depending on the PMIC_STBY or
PMIC_DEEP_STBY signal.

7.3.5.2 STANDBY mode

PF9453 transitions to STANDBY mode when PMIC_STBY is high. PMIC_STBY is determined by the
PMIC_STBY_REQ pin when the STANDBY_CFG bit in the SYS_CFGH1 register is set to Ob. The PF9453
moves to ACTIVE mode when the PMIC_STBY_REQ pin is low. It transitions to DPSTANDBY mode when the
STANDBY_CFG bit changes to 1b.
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The PF9453 transitions to DPSTANDBY (Deep Standby) mode when PMIC_DEEP_STBY is high.
PMIC_DEEP_STBY is determined by the PMIC_STBY_REQ pin when the STANDBY_CFG bit in the

SYS_CFG2 register is set to 1b. The PF9453 moves to ACTIVE mode when the PMIC_STBY_REQ pin is low. It

transitions to STANDBY mode when STANDBY_CFG bit changes to Ob.

7.3.6 FAULT_SD state

PF9453 has two fault shutdown sources.

1. Thermal shutdown: Transition to SNVS state after FAULT_SD state

When junction temperature reaches Tsppn, the PF94353 enters the FAULT_SD state after tr 1 tHsp, Where
all regulators are turned off immediately after pulling down POR_B. The PF5493 stays at FAULT_SD until
the junction temperature falls below T jsHpn. When the temperature drops below T sHpn, the PF5493

transitions to the SNVS state.

Ty2Ty_sHDN

Thermal \l
Shutdown

tFLT THSD

VSYS

Ty <Ty_SHDN

VINT

LDO_SNVS

PUD_T1 Gr

PUD_T2 Gr

PUD_T3 Gr

PUD_T14 Gr

PUD_T15 Gr

PUD_T16 Gr

POR_B

State RUN (Any mode)

FAULT_SD

SNVS

Figure 10. PF9453 FAULT_SD from thermal shutdown

aaa-042227

Table 9. FAULT_SD thermal shutdown timing

Time Description

Value

Comment

tFLT THSD Time to reset released from fault event

20 us

2. Voltage regulator fault in RUN state: Transition to FAULT_SD state in tr.1_sp wair after a Fault is

detected and then transitions to the SNVS state in tr 1 sp_sTAY-
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The VR Fault status bit VR_FLT1_S in the INT1_STATUS register is latched to "1" when the corresponding
regulator (except LDO_SNVS) voltage falls below the POK threshold for tpeg poks.

If the Fault status bit is masked in the VRFLT1_MASK register, the PF9453 does not enter the FAULT_SD
state, instead, the PF9453 stays in the RUN state. If the Fault register bit is unmasked, it starts the

teLT sp wait timer. The application processor can determine to enter the FAULT _SD state by masking

the VR Fault status bit in the VRFLT1_MASK registers before the timer expires. The PF9453 enters the
FAULT_SD state when the timer expired. The PF9453 stays in the FAULT_SD state for tr 1 sp sTay @nd
moves to the SNVS state from the FAULT_SD state after e sp_sTa- -

Note:

PF9453 does not enter the FAULT _SD mode from the load switch overcurrent fault.

tFLT_sD_wAT starts
FAULT EVENT
AP receives \
INT . .
Mask fault register bit or Clear the
INT status bit when fault is cleared
Mode RUN
e————— tFLT_sD_waAIT starts ———
AP doesn't take an action until
FAULT EVENT timer is expired
AP receives \\\\\\\\\\\
INT
INT /
Mode RUN FAULT_SD

aaa-042228

Figure 11. FAULT_SD from VR fault in RUN state
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Fault is released from

VR Fault Power off

VR_FAULT ] tFLT_SD_STAY ——>|

tFLT_SD_wAIT

VSYS

.||_.

VINT

.||_.

LDOSNVS

.||_.

PUD_T1 Gr

PUD_T2 Gr

PUD_T3 Gr

PUD_T14 Gr

PUD_T15 Gr

PUD_T16 Gr

POR_B

State RUN FAULT_SD SNVS

aaa-059161

Figure 12. FAULT_SD from VR fault in RUN/STANDBY

Table 10. FAULT_SD description
Time Description

Value Comment
100 ms 20 us, 100 ms option

100 ms —

trLT sp_waIT VR fault wait time to enter fault shutdown

trLT sD_sTAY Time to stay at Fault_SD state

7.4 PMIC reset

The PF9453 PMIC has three reset inputs: the WDOG_B pin, the PMIC_RST_B pin and the 1°C reset bit. The
reset is executed only at the RUN state.

Note: The PMIC_RST _B pin is only available in the QFN package. If using the WLCSP package, omit
PMIC_RST _B and use the WDOG_B pin as the default reset option

The reset behavior is configured in the 0x08 RESET_CTRL register for the WDOG_B pin and the PMIC_RST_B
pin. The I°C reset behavior is configured in the 0x09 SW_RST register.
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Table 11. PMIC reset description

0x08 — RESET_CTRL Reset type S
Bit Name Type Reset Description
7:6 WDOG_B_CFG R/W 00 When WDOG_B is asserted to L, PMIC behavior

00b = WDOG_B reset is disabled

01b = Warm Reset, POR_B pin is asserted low for treset
10b,11b = Cold Reset, all voltage regulators (except LDO_
SNVS) are recycled

5:4 PMIC_RST_CFG R/W 10 When PMIC_RST_B is asserted to L, PMIC behavior 00b
= PMIC_RST _B reset is disabled

01b = Warm Reset, POR_B pin is asserted low for treset

10b, 11b = Cold reset, all voltage regulators (except
LDO_SNVS) are recycled

0x09 — SW_RST Reset type O

7:0 SW_RST_KEY R/W 0x00 Software reset register. This register is read back to "0x00"
right after writing the value.

0x00 = No action
0x05 = Reset O-type registers to default value
0x09 = Reset O-type registers and S-type registers

0x14 = Cold reset (Power recycle all regulators except
LDO_SNVS)

0x35 = Warm reset (Toggle POR_B for treseT)
OxEE = PMIC digital reset (debug purpose only )
Others = Forbidden

When the WDOG_B pin is asserted low, the PF9453 gets reset depending on the WDOG_B_CFG bit
configuration. When the bits are set to 2b00, the reset by the WDOG_B p|n is disabled. If the bits are set to
2b01, Warm reset is performed, pulling POR_B low for tgeseT and reset | co type registers to default values,
keeping power rails remaining ON. After reset, the WDOG_B pin must be released high to get another reset
from the WDOG_B falling edge.

When PMIC_RST_B is asserted low and stays low for RESETKEY timer configured in the SYS_CFG1

register, PF9453 waits for treset wair after issuing the RESETKEY interrupt. If the application processor

does not disable reset by writing 00b in PMIC_RST_CFG bits, then the PF9453 gets reset depending on the
PMIC_RST_CFG bits configuration. When the bits are set to 2b00, any reset by PMIC_RST_B pin is dlsabled If
the bits are set to 2b01, Warm Reset is performed, in which POR_B is pulled low for treset and reset | co type
registers to default value with power rails remaining ON. After reset, the PMIC_RST_B pin must be released
high to get another reset from the PMIC_RST_B falling edge.

A Cold Reset event is generated by either I°C reset, WDOG_B falling edge or PMIC_RST_B falling edge after
debounce time. Once it is detected, POR_B is pulled low and takes the Power-down sequence. PF9453 stays
at RESET for trestarT and then starts the Power-on sequence even though the WDOG_B pin is still low.

Figure 13 shows Cold Reset behavior. From any Cold Reset signal from either PMIC_RST_B, WDOG_B or I2C,
it starts with the Power-down sequence and stays off for trestarT- It @utomatically proceeds to the Power-on
sequence and then enters the RUN state. PMIC_ON_SRC is ignored for tpywr HoLp RrsT after entering the RUN
state. If PMIC_ON_SRC does not come up until tpwr_HoLD RsT iS €xpired, then PF9453 is turned off.
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Cold Reset Sources
PMIC_ON_SRC Ignored during Cold reset
LDO_SNVS
t
tRESTART PWR_HOLD_RST
PUD_T1 Gr 4‘ POK
t
OFF_step 4>1 [ tON_step i
PUD_T2 Gr POK
tOFFﬁﬁep;;ﬂ
ton step
PUD_T3_Gr . h - POK
OFF_step ——‘ i
b tONistep POK
: t‘OFF_step t
ON_st
% —siep Bﬁ POK
t
OF‘Fistep T~ toN_step |
% POK
’ tOFF_step 4‘ le— t
. ON_step 1
PUD_T4_Gr % jL POK
t !
_ OfF st - tON_step ‘
PUD_T15_Gr POK
t /
OFF_step | P tON_step
PUD_T16_Gr POK
tOFF_s;tep —
POR_B tRsTB
State RUN PWRDN RESET PWRUP RUN
aaa-042230
Figure 13. PF9453 cold reset
Table 12. PF9453 cold reset description
Time Description Value Comment
tRESTART Time to Power-on sequence from end of Power-off 250 ms -
sequence during Cold Reset
tPwR_HOLD_RST Time to hold power-on after reset 100 ms -

Figure 14 shows Warm Reset behavior. From any Warm Reset signal from either of PMIC_RST_B, WDOG_B or
I°C, POR_B toggles for treset and all O type registers get reset. PMIC_ON_SRC is ignored for tpwr_HoLD RsT
after entering the RUN state as in Cold Reset behavior.
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Warm reset source tPWR HOLD RST
PMIC_ON_SRC Ignored during warm reset
PUD_T1_Gr
_T_ All regulators outputs go
= to default voltage
PUD_T2_Gr /
PUD_T3_Gr _
PUD_T14_Gr
PUD_T15_Gr
PUD_T16_Gr
tRESET
POR_B
State | RUN Reset RUN
aaa-059162
Figure 14. Warm reset
Table 13. Warm reset description
Time Description Value Comment
tRESET POR_B low time at Warm Reset 20 ms -

7.5 PMIC_RST_B configuration

The PMIC_RST_B pin is available only in the QFN package.

It is used either to power on the PF9453 from the SNVS state or to trigger a reset during the RUN state. When a
falling edge is detected on this pin, the PMIC_RSTB_S status bit in the INT1_STATUS register is updated after
a debounce period defined by the PMIC_RST_B_DEB bits (tDEB_PMIC_RST_B).

In the SNVS state, a falling edge on PMIC_RST_B—after the debounce time—starts the ONKEY timer (tonkey),
configured via the ONKEY_TIMER bits. Once the timer expires, the ONKEY _S status bit is set. If the pin is
configured as a power-on source in the PWR_SEQ_CTRL register (PMIC_RST_B_ON bit), the PMIC_ON_SRC
signal is generated, allowing the device to power up. This power-up behavior is applicable only in the SNVS
state.

In the RUN state, a falling edge on PMIC_RST_B—after the debounce time—triggers the RESETKEY timer
(tRESETKEY), configured via the RESETKEY_TIMER bits. Once the timer expires, the RESETKEY_S status
bit is updated. After a delay (tRESET_WAIT), which allows the application processor (AP) to decide whether to
proceed with the reset, and if the reset is enabled via the PMIC_RST_CFG bit, the reset is executed according
to the configuration in the RESET_CTRL register.
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The figure below illustrates the behavior of the PMIC_RST_B pin and the related configurable registers.

Note: Power-up behavior
is applicable only in the

VSYs PMIC_RSTB_S | ONKEY_? | | PMIC_RSTB_ON [  snvs state
VSYS
PMIC_ON_SRC
| ONKEY_TIMER I >
PMIC_RST B_DEB _
PMIC_RST B | | |RESETKEY_TIMERI twa'tf” RESET
RESET_WAIT

| RESETKEY‘:S | | PMIC_RST_CFG |

Cl

= : Register bits

aaa-062459

Figure 15. Regulator summary.

7.6 Regulator summary

The PF9453 PMIC features four high-efficiency low quiescent current buck regulators, two LDO regulators,
for QFN package or one for WLCSP package, and a low Ig SNVS LDO to supply voltages for the application
processor and peripheral devices.

7.6.1 Buck regulators

The PF9453 has four high-efficiency buck regulators. Each buck regulator features soft start and over-

current protection. Buck regulators operate in two modes: pulse frequency modulation (PFM) and pulse width
modulation (PWM) mode. Each buck regulator operates in PFM mode at a light load that generates a single
switching pulse to ramp up the inductor current and recharge the output capacitor, followed by a sleep period
where most of the internal circuits are shut down to achieve the lowest operating quiescent current. During this
time, the load current is supported by the output capacitor. The duration of the sleep period depends on the load
current and the inductor peak current.

In PFM, the switching frequency varies linearly with the load current. At medium and high load conditions, the
device automatically enters PWM mode and operates in continuous conduction mode with a nominal switch
frequency fsw of typically 2 MHz. The boundary between PWM and PFM mode is when the inductor current
becomes discontinuous.

When the FPWM bit is set to "1", the buck regulator operates only in PWM mode regardless of load current.

An internal active discharge resistor is installed in each buck regulator output to discharge voltage on output
capacitors when the regulator is off. It is configurable through an Ko register.

Table 14 contains a summary of buck regulator information.

Table 14. PF9453 buck summary

Buck# Input pin Default VOUT [V] |VOUT range [V] |Step size Default ON/ |Current rating
[mV] OFF [mA]

BUCK1 INB12 1.1 0.6 -3.775 25 ON 2000!"

BUCK2 INB12 0.85 0.6 - 2.1875 125 ON 2700!"

BUCK3 INB34 1.8 0.6 -3.775 25 ON 2000!"

BUCK4 INB34 3.3 0.6 -3.775 25 ON 2500!"!

[1]1  Output current of PF9453 regulators changes depending on the part number; see Table 2.
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7.6.1.1 ON/OFF control

Each buck regulator can be turned ON/OFF through the 1°C or PMIC_STBY_REQ pin, which can be configured
in each of the Bx_ENMODE bits in the BUCKXCTRL register.

* BXENMODE = 00b: the buck regulator is forced OFF

* BXENMODE = 01b: the buck regulator is ON in RUN state (ACTIVE / STANDBY / DPSTANDBY mode)

* BXENMODE = 10b: the buck regulator is ON in ACTIVE or STANDBY mode and it is OFF in DPSTANDBY
mode

* BXENMODE = 11b: the buck regulator is ON in ACTIVE mode and it is OFF in STANDBY or DPSTANDBY
mode

7.6.1.2 Dynamic voltage scaling

BUCK2 supports dynamic voltage scaling (DVS) through the PMIC_STBY_REQ pin.

The BUCK2 regulator output voltage is determined by the BUCK20UT and BUCK20UT_STBY registers
through the PMIC_STBY_REQ pin.

Figure 16 contains a DVS functional block diagram.

12C BUCKXOUT_MAX_LIMIT
programmable BUCK2 T
BUCK20UT
Min/Max | BUCKx Output
selection
BUCK2 7
BUCK20UT_STBY

BUCKXOUT_MIN_LIMIT

O
PMIC_STBY_REQ pin
aaa-059163

Figure 16. DVS functional diagram

The programmable voltage ramp-up and ramp-down are applied during the DVS voltage transition. The ramp
rate is configured by the B2_RAMP bits in the BUCK2CTRL register.

PMIC_STBY_REQ

BUCK20UT

\\
BUCK2 Ny
BUCK20UT_STBY Internal 4 >~ BUCK20UT_STBY

‘ B2_RAMP control with
o e [7:6] B2_RAMP BUCK output
10 ps [7:6] depending on Load

aaa-061288

Figure 17. DVS timing

7.6.1.3 Overshoot improvement from PWM to PFM mode transient

The load transient response in PWM mode is improved compared to PFM mode, because the converter reacts
faster on the load step and actively sinks energy on the load release. The PF9453 buck regulator automatically
enters PWM mode for 16 cycles after a heavy load release to bring the output voltage back to the regulation
level faster. After 16 cycles of PWM mode, the regulator automatically returns to PFM mode. Figure 18 shows
this behavior.
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VOUT \ o

\

Load

«—16 cycle —

IL "AVW%W

Figure 18. Overshoot improvement from PWM to PFM mode transient

7.6.1.4 Buck output limiting

An application processor may accidentally write a higher or lower voltage than the absolute maximum or
minimum voltage rating of its power input. This may cause significant damage to the application processor. The
PF9453 has registers to limit the maximum and minimum voltage to prevent such an incident (only available for
the BUCK2).

The BUCK2 maximum / minimum outputs are limited by the BUCK20UT_MAX_LIMIT and
BUCK2OUT_MIN_LIMIT registers, respectively. Even if a buck output is configured to higher than the
limit voltage configured in BUCK20UT_MAX_LIMIT registers or lower than the limit voltage configured
in BUCK20OUT_MIN_LIMIT registers, the actual buck output is clamped to the limiting voltage set by the
BUCK20OUT_MAX_LIMIT or BUCK20OUT_MIN_LIMIT registers.

7.6.2 LDO

The PF9453 has up to three low quiescent LDOs, depending on the package. LDO_SVNS supplies the SNVS
core in the application processor. This LDO features an ultralow quiescent current (0.4 pA typical), since it is
always ON when VSYS is valid.

A designated active discharge resistor for each LDO is configurable through I°C.

Table 15. LDO summary

LDO# Input pin Default VOUT (V) |VOUT range (V) |Step size Default ON/ |Current rating
(mV) OFF (mA)

LDO_SNVS |VSYS 1.8V 1.2t0 3.4A 25 ON 10

LDO1 INL1 3.3Vv/18V 0.8t03.3 25 ON 250

Lpo2M" INL2 0.8V 0.5t01.95 25 ON 200

[1] LDOZ2 is only available in QFN package.

7.6.3 32 kHz crystal oscillator driver

The PF9453 contains a crystal oscillator driver with an external load capacitor buffer referenced to the
LDO_SNVS voltage. When VSYS exceeds the POR threshold and internal power VINT is good, the 32.768 kHz
crystal oscillator starts oscillating. The crystal oscillator typically takes a few seconds to be stabilized.
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The PF9453 CLK_32K_OUT buffer outputs a stable 32 kHz clock after t3ox_gn from VSYS_UVLO. The output
buffer is disabled when the CLK_32K_DIS bit = 1b.

¥ “ XTAL_IN — VINT
1 32.768K Xtal []
— Y
| |' XTAL_OUT

]
LDO_SNVS
CLK_32K_OUT o%]

CLK_32K_DIS bit

z
aaa-059177

Figure 19. 32 kHz crystal oscillator driver block diagram

7.6.4 Load switch

The PF9453 integrates a 400 mA load switch which can supply the SD card VDD. LSWIN pin is typically
connected to the BUCK4 output. The load switch is enabled by the LSW_EN pin or the LSW_ENT[1:0] bits in the
LSW_CTRL1 register. It has a soft-start feature to reduce inrush current during turn-on.

In the QFN package, the load switch includes overcurrent and short-circuit protection. These protections are not
available in the WLCSP package, so additional external protection is recommended to prevent exceeding the
maximum output current of the load switch.

In case of QFN package, this load switch has overcurrent protection and short-circuit protection implemented
by monitoring the voltage difference between the LSWIN and LSWOUT pins. When the switch current
exceeds the overcurrent threshold (Igc) for overcurrent debounce time (toc peg), the LSW_OCP bit in the
VRFLT1_INT register is set to 1 and the fault behavior is determined by the LSW_OC[1:0] bits configuration
in the LSW_CTRL2 register. When the switch current exceeds the short-circuit current threshold (Isc), the
LSW_OCP bit in the VRFLT1_INT register is set to 1 and the switch is turned off immediately.

Note: The OCP function was designed to support short-to-ground for a typical use case of an SD card. This
circuit is sensitive to parasitic inductance. NXP recommends not connecting wires or any other components that
may generate such inductance, as this could cause damage.
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Figure 20. Load switch block diagram

7.6.5 Regulator protection register

Each regulator output voltage configuration register is protected by a lock key in the REG_LOCK register

An unlock key must be written in the Ox4E register before updating the registers, and registers can be read
without an unlock key. Below is a list of the protected registers.

1. BUCK output configuration registers: BUCK1OUT, BUCK20UT, BUCK3OUT, and BUCK40OUT.
2. BUCK2 min/max output configuration registers: BUCK20UT_MAX_LIMIT, BUCK20OUT_MIN_LIMIT.

3. LDO output configuration registers: LDOSNVS_CFG1, LDO1_OUT _L, LDO1_OUT_H, and for QFN
package the LDO2_OUT.

7.7 Interrupt management

The IRQ_B pin is an interface to the software-controlled system that indicates any interrupt bit status change
in the INT1 register. The IRQ_B pin is pulled low when any unmasked interrupt bit status is changed, and it is
released high once the application processor reads the INT1 register.

The INT1 bits are latched to 1 whenever a corresponding INT1_STATUS bit is changed and the latch is cleared
when the INT1 register is read. The INT1_MASK bits are used to enable or disable individual interrupt bits of the
INT1 register. The INT1_STATUS register indicates the status and is not latched.

Note: Figure 21 shows the interrupt diagram for QFN package and Figure 22 shows the one for WLCSP
package.
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INT1_STATUS INT1  INT1_MASK
PMIC_RST_B PMIC_RSTB_S |—| PMIC_RSTB_ I
VRFLT1_MASK  VRFLT1_INT
ONKEY_S }44 ONKEY_I F—
Lsw_ocp ONKEY Deb - = I
|
RESETKEY_S F41 RESETKEY.
B4 FLTM | B4 FLTI RESETKEY Deb = = INT
1
Fault Event B3_FLT_ M [+ B3_FLTI I
FASET“’SD +— for —— —— i VR_FLT1_S |—| VR_FLT1_| i
S {FLT_SD_WAIT B2 FLT M [{ B2 FLTI
B1FITM [ B1FLTI J
= == VSYS Er LOWVSYS_S |—| LOWVSYS._I F
12 FITM | L2 FLT|
VSYS UVLO + Delta
L1FITM | L1 R 1
THERM_80_S F41 THERM_80_! |
80 'C >
o THERM_100_S |—| THERM_100_1 |
=
100 °C i@b
aaa-061290
Figure 21. Interrupt diagram for QFN package
VRFLT1_MASK  VRFLT_INT
INT1_MASK
BAFLTM [-| B4 FLTI INT1_STATUS INT1 -
o T B3_FLT.M | B3_FLTI I I
«—  for B2_FLT.M | B2 _FLTI VR_FLT1_S |—| VR_FLT1_I |—
FAULTLSD tFLT_SD_WAIT L
-SD_ B1_FLTM | B1_FLTI
L_FLTM | L_FT VSYS E» LOWVSYS_S |—| LOWVSYS_| I INT
VSYS UVLO + Delta
THERM_80_S }—4 THERM_80_ ||
80 °C R
o THERM_100_S H THERM_100_I
=
100 °C Eti
]
aaa-062463
Figure 22. Interrupt diagram for WLCSP package

8 Software interface

The PF9453 implements an | 2C-bus target interface and it interfaces with the host system. The host processor
can issue commands, monitor status and receive response through this bus. A detailed description of the | 2c.-
bus speC|f|cat|on with applications, is given in UM10204, C-bus specification and user manual [Ref. 4]. PF9453
supports | 2C-bus data transfers in standard-mode (100 kbit/s), fast-mode (400 kbit/s) and fast-mode plus (1
Mbit/s). See Table 16.

Table 16. I°C address at Power-on Reset

OTP version 7-bit slave address 8-bit write address 8-bit read address
Default 0x32, 0b 011 0010 0x64, 0b 0110 0100 0x65, 0b 0110 0101
OTP1 0x33, 0b 011 0011 0x66, 0b 0110 0110 0x67, 0b 0110 0111
OTP2 0x36, 0b 011 0110 0x6C, 0b 0110 1100 0x6D, Ob 0110 1101
OTP3 0x37, 0b 011 0111 Ox6E, 0b 0110 1110 0x6F, Ob 0110 1111

1’c register reset type
Type S : (VSYS < Vgys uvio) || (VINT_POK) || (SW_RST_KEY = 0x09)
Type O : (VSYS < Vgys uvio) || (VINT_POK) || (Cold Reset) || (Warm Reset) || (falling edge of PMIC_ON_SRC)

|| (SW_RST_KEY=0X05) || (SW_RST_KEY=0x09) || (FAULT_SD) || (thermal SD)
8.1 Register map
Note: Reserved registers are not shown in Table 17.
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Add | Name Description R/W Reset QFN WLCSP
Type package |package
B7 B6 B5 B4 B3 B2 B1 BO reser Teset
value value
01h | Device_ |CHIP_ID REV_ID R S 0xB2 0x32
ID
02h | INT1 RSVD PMIC_ ONKEY_| RESETKEY_ |VR_FLT1_| |[LOWVSYS_ | THERM_ THERM_ R/C S 0x00
RSTB_I | | 80_I 100_I
03h | INT1_ RSVD PMIC_ ONKEY_M |RESETKEY_|VR_FLT1_M |LOWVSYS_ | THERM_ THERM_ RW S OxFF
MASK RSTB_M M M 80_M 100_M
04h | INT1_ RSVD PMIC_ ONKEY_S RESETKEY_ |VR_FLT1_S |[LOWVSYS_ | THERM_ THERM_ R S 0x00
STATUS RSTB_S S S 80_S 100_S
05h | VRFLT1_ [LSW_OCP |RSVD L2 FLT_I L1_FLT_I B4_FLT_| B3_FLT_I B2_FLT_| B1_FLT_I R/W/C S 0x00
INT
06h | VRFLT1_ |RSVD RSVD L2 FLT_M L1_FLT_M B4_FLT_ M |[B3_FLT_ M [B2_FLT_ M |[B1_FLT_ M |R/W S OxFF
MASK
07h | PWR_ PWR_STAT PWR_MODE R S 0x00
STATE
08h | RESET_ |WDOG_B_CFG PMIC_RST_CFG TRESTART |RSVD RIW S 0x20
CTRL[1]
09h | SW_RST |SW_RST_KEY RW o 0x00
0Ah | PWR_ PMIC_RST_ |RSVD PMIC_RST_ |RSVD PSQ_TON_STEP PSQ_TOFF_STEP R/W 0x06
SEQ_ B_ON B_DEB
CTRL[1]
0Bh | SYS_ LOW_VSYS STANDBY_ |RESETKEY_TIMER TFLT_SD_ |THERM_ RW o 0x54
CFG1 CFG WAIT SD_DIS
0Ch | SYS_ ONKEY_TIMER RSVD POK_PU VSYS_UVLO RIW S 0x71
CFG2[1]
0Dh |CLK_32 |RSVD CLK 32K_ |RW o 0x00
K_CFG DIS
10h | BUCK1 RSVD B1_AD B1_FPWM | B1_ENMODE RIW o 0x39
CTRL[1]
11h | BUCK1 RSVD B1_OUT RIW o 0x14
OuUT[1]
14h | BUCK2 B2_RAMP RSVD B2_AD B2_FPWM | B2_ENMODE RIW o 0x79
CTRL[1]
15h | BUCK2 RSVD B2_OUT RIW o 0x14
OuUT[1]
1Dh | BUCK2 RSVD B2_DVS_STBY RW o 0x14
OuT_
STBY
1Fh | BUCK2 RSVD B2_MAX_LIMIT RIW o 0x18
OouT_
MAX_
LIMIT[1]
20h | BUCK2 RSVD B2_MIN_LIMIT RIW o 0x01
OouT_
MIN_
LIMIT[1]
21h | BUCK3 RSVD B3_AD B3_FPWM | B3_ENMODE RIW o 0x39
CTRL[1]
22h | BUCK3 RSVD B3_OUT RIW o 0x30
OuUT[1]
2Eh |BUCK4 |RSVD B4_AD B4_FPWM |B4_ENMODE RIW o 0x39
CTRL[1]
2Fh |BUCK4 |RSVD B4_OUT RIW o 0x6C
OuT[1]
36h | LDO1_ RSVD L1_OUT_L RIW o 0x64 0x00
OouT_
L[1]
37h | LDO1_ RSVD L1_AD_SD_ |L1_AD RSVD L1_ENMODE RIW o 0x31
CFG[1] VSEL
38h | LDO1_ RSVD L1_OUT_H RIW o 0x28 0x00
OouT_
H[1]
39h | LDOSNVS|LSNVS_AD |L_SNVS_OUT RIW o 0x98 0xA8
CFG1[1]
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Table 17. Register map...continued

Power management IC for i.MX 91 and I.MX 93

Add | Name Description RIW Reset QFN WLCSP
Type ackage ackage
B7 B6 B5 B4 B3 B2 B1 BO P feset ¢ ?eset °
value value
3Ah | LDOSNVS|RSVD LS_ RW (0] 0x01
CFG2 ENMODE
3Bh | LDO2_ RSVD L2_AD L2_LLSEL L2_CSEL L2_ENMODE RIW o 0x59 0x11
CFG[1]
3Ch | LDO2_ L2_INL2_ L2_INL2_ L2_ouT RIW o 0x0C 0x11
OuUT[1] MDET VSEL
3Dh | BUCK_ |BUCK4 POK_F BUCK3_POK_F BUCK2_POK_F BUCK1_POK_F RW (o] 0x00
POK_F_
CFG[1]
40h | LSW_ RSVD LSW_AD RSVD LSW_EN RIW o 0x11
CTRLA[1]
41h | LSW_ RSVD LSW_sC LSw_oC RW (0] 0x01 0x00
CTRL2
4Eh | REG_ UNLOCK_KEY RW (o) 0x00
LOCK

¢ Green: Bits available in QFN and WLCSP
¢ Yellow: Bits not available in WLCSP
* Bold: OTP configurable registers

8.2 Register details

8.2.1 Device_ID

The device identification code stores a unique identifier for each version and/or revision of a PF9453, so that the
connected processor recognizes it automatically.

Table 18. Device_ID register (address 01h) bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol CHIP_ID CHIP_REV

QFN 1 0 1 1 0 0 1 0
reset

WLCSP |0 0 1 1 0 0 1 0
reset

Access |R R R R R R R R

Table 19. Device_ID register (address 01h) bit descriptions

Bit Symbol Description
7to4 |CHIP_ID Chip ID
1011 — PF9453 QFN (default)
0011 — PF9463 WLCSP (default)
3to0 |CHIP_REV Chip Revision
0000 — revision 0
0010 — revision 2 (default)
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8.2.2 INT1

The interrupt source register (INT1) bits are latched to 1 whenever corresponding INT1_STATUS bit is changed
and the latch is cleared when the INT1 register is read. This register is Read and Clear. PMIC_RSTB_|,
ONKEY_I| and RESETKEY_| bits are not available in WLCSP package.

Table 20. INT1 register (address 02h) bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol RSVD PMIC_RSTB_| ONKEY_| RESETKEY_| | VR_FLT1_| LOWVSYS_| | THERM_80_I | THERM_100_|
Reset 0 0 0 0 0 0 0 0
Access RIC RIC RIC RIC RIC RIC RIC RIC

Table 21. INT1 register (address 02h) bit descriptions

Bit Symbol Description
7 RSVD Reserved
6 PMIC_RSTB_I PMIC_RSTB_I interrupt

0 — PMIC_RSTB_S bit has not been changed (default)
1 — PMIC_RSTB_S bit has been changed

5 ONKEY_I ON Key timer interrupt
0 — ONKEY_S bit has not been changed (default)
1 — ONKEY_S bit has been changed

4 RESETKEY_| RESET Key timer interrupt
0 — RESETKEY_S bit has not been changed (default)
1 — RESETKEY_S bit has been changed

3 VR_FLT1_I Voltage regulator Group1 Fault
0 — VR_FLT1_S bit has not been changed (default)
1 — VR_FLT1_S bit has been changed

2 LOWVSYS_| Low VSYS Voltage interrupt
0 — LOWVSYS_S bit has not been changed (default)
1 — LOWVSYS_S bit has been changed

1 THERM_80_I Die temperature 80 °C interrupt
0 — THERM_80_S bit has not been changed (default)
1 — THERM_80_S bit has been changed

0 THERM_100_]I Die temperature 100 °C interrupt
0 — THERM_100_S bit has not been changed (default)
1 — THERM_100_S bit has been changed

8.2.3 INT1_MASK

The INT1_MASK bits are used to enable or disable individual interrupt bits of INT1 register. If any bit in INT1
register is set to 1 and the corresponding bit is enable in INT1_MASK then the IRQ_B pin is pulled to low.
PMIC_RSTB_M, ONKEY_M and RESETKEY_M bits are not available in WLCSP package.

Table 22. INT1_MASK register (address 03h) bit allocation

Bit 7 6 5 4 3 2 1 0

Symbol RSVD PMIC_RSTB_M | ONKEY_ M | RESETKEY_ M | VR FLT1_M | LOWVSYS_ M | THERM 80 M | THERM_100_M
Reset 1 1 1 1 1 1 1 1
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Table 22. INT1_MASK register (address 03h) bit allocation...continued
Bit 7 6 5 4 3 2 1 0

Access R/W R/W R/W R/W R/W R/W R/W R/W

Table 23. INT1_MASK register (address 03h) bit descriptions

Bit Symbol Description
7 RSVD Reserved
6 PMIC_RSTB_M |[PMIC_RSTB_I interrupt mask bit

— Enable PMIC_RSTB_| interrupt
— Mask PMIC_RSTB_| interrupt (default)

5 ONKEY_M ONKEY _I interrupt mask bit
0 — Enable ONKEY_| interrupt
1 — Mask ONKEY_I interrupt (default)

4 RESETKEY_M RESETKEY_I interrupt mask bit
0 — Enable RESETKEY_| interrupt
1 — Mask RESETKEY_| interrupt (default)

3 VR_FLT1_M VR_FLT1_I interrupt mask bit
0 — Enable VR_FLT1_l interrupt
1 — Mask VR_FLT1_I interrupt (default)

2 LOWVSYS_M LOWVSYS_| interrupt mask bit
0 — Enable LOWVSYS_| interrupt
1 — Mask LOWVSYS_ | interrupt (default)

1 THERM_80_M THERM_80_| interrupt mask bit
0 — Enable THERM_80_I interrupt
1 — Mask THERM_80_1I interrupt (default)

0 THERM_100_M |THERM_100_I interrupt mask bit
0 — Enable THERM_100_1I interrupt
1 — Mask THERM_100_I interrupt (default)

8.2.4 INT1_STATUS

The STATUS register shows current status. Any status bit change sets the corresponding interrupt bit to 1 in
INT1 register. PMIC_RSTB_S, ONKEY_S and RESETKEY_S bits are not available in WLCSP package.

Table 24. INT1_STATUS register (address 04h) bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol RSVD PMIC_RSTB_S ONKEY_S RESETKEY_S VR_FLT1_S LOWVSYS_S | THERM_80_S | THERM_100_S
Reset — — — — — — — —
Access R R R R R R R R

Table 25. INT1_STATUS register (address 04h) bit descriptions

Bit Symbol Description
7 RSVD Reserved
6 PMIC_RSTB_S |PMIC_RST_B pin status

0 — PMIC_RST _B pin is low
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Table 25. INT1_STATUS register (address 04h) bit descriptions...continued

Bit Symbol Description
1 — PMIC_RST_B pin is high
5 ONKEY_S ONKEY status bit
0 — PMIC_RST_B pin is not low for ONKEY timer
1 — PMIC_RST_B pin is low for ONKEY timer
4 RESETKEY_S RESETKEY status bit
0 — PMIC_RST_B pin is not low for RESETKEY timer
1 — PMIC_RST_B pin is low for RESETKEY timer
3 VR_FLT1_S Voltage Regulator Fault status
0 — All voltage regulators are OK
1 — Either of voltage regulators is in Fault state
2 LOWVSYS_S VSYS low voltage status
0 — VSYS is above Low VSYS threshold (VLOW_VSYS) + VSYS_UVLO
1 — VSYS is below Low VSYS threshold (VLOW_VSYS) + VSYS_UVLO
1 THERM_80_S Die temperature 80 °C statue
0 — Die temperature is below 80 °C
1 — Die temperature is above 80 °C
0 THERM_100_S |Die temperature 100 °C statue

0 — Die temperature is below 100 °C
1 — Die temperature is above 100 °C

8.2.5 VRFLT1_INT

Voltage regulator fault interrupt register. The bits corresponding to each regulator in this register are set to
1 when it is detected that the regulators (except LDO_SNVS) experienced a fault. If "1" is overwritten, the

corresponding bit is newly updated by the current status. LSW_OCP and L2_FLT _| bits are not available in
WLCSP package.

Table 26. VRFLT1_INT register (address 05h) bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol | LSW_OCP | RSVD L2 FLT | | L1_FLT| | B4 FLT | | B3_FLT| | B2 FLT.|  B1_FLT |
Reset 0 0 0 0 0 0 0 0
Access | R/W/C RIW/C RIW/C R/W/C R/W/C R/W/C R/W/C RIW/C

Table 27. VRFLT1_INT register (address 05h) bit descriptions

PF9453

Bit Symbol Description
7 LSW_OCP Load SW OCP interrupt, deglitched with toc_pes
0 — Load SW doesn’t exceed current limit or is OFF (default)
1 — Load SW exceeded current limit
6 RSVD Reserved
5 L2_FLT I LDO2 Fault interrupt, deglitched with tpeg_poks
0 — LDO2 output is good or LDO2 is OFF (default)
1 — LDO2 output falls below 90 % of target
4 L1 _FLT I LDO1 Fault interrupt, deglitched with tpeg_poks
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Table 27. VRFLT1_INT register (address 05h) bit descriptions...continued

Bit Symbol Description

0 — LDO1 output is good or LDO1 is OFF (default)

1 — LDO1 output falls below 90 % of target
3 B4 _FLT_I BUCK4 Fault interrupt, deglitched with tpeg_poks

0 — BUCK4 output is good or BUCK4 is OFF (default)

1 — BUCK4 output falls below POK threshold set by BUCK4_POK_F[1:0]
2 B3_FLT_|I BUCKS Fault interrupt, deglitched with tpeg_poks

0 — BUCKS3 output is good or BUCK3 is OFF (default)

1 — BUCKS3 output falls below POK threshold set by BUCK3_POK_F[1:0]
1 B2_FLT_|I BUCK2 Fault interrupt, deglitched with tpeg_poks

0 — BUCK?2 output is good or BUCK2 is OFF (default)

1 — BUCK2 output falls below POK threshold set by BUCK2_POK_F[1:0]
0 B1_FLT_I BUCK1 Fault interrupt, deglitched with tpeg_poks

0 — BUCK1 output is good or BUCK1 is OFF (default)

1 — BUCK1 output falls below POK threshold set by BUCK1_POK_F[1:0]

8.2.6 VRFLT1_MASK

VR fault mask bit. Once the bit is masked, the PF9453 does not enter Fault shutdown even if a fault condition of
the corresponding regulator happens. L2_FLT M bit is not available in WLCSP package.

Table 28. VRFLT1_MASK register (address 06h) bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol | RSVD RSVD L2 FLT M | L1_FLT M | B4 FLT.M | B3_FLT.M | B2_FLT.M  B1_FLT_M
Reset 1 1 1 1 1 1 1 1
Access RIW RIW RIW RIW RIW RIW RIW RIW

Table 29. VRFLT1_MASK register (address 06h) bit descriptions

Bit Symbol Description
7 RSVD Reserved
6 RSVD Reserved
5 L2 FLT M LDO2 FLT mask

0 — Unmasked

1 — Masked (default)
4 L1_FLT M LDO1 FLT mask

0 — Unmasked

1 — Masked (default)
3 B4 FLT M BUCK4 FLT mask

0 — Unmasked

1 — Masked (default)
2 B3_FLT M BUCKS3 FLT mask

0 — Unmasked

1 — Masked (default)
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Table 29. VRFLT1_MASK register (address 06h) bit descriptions...continued

Bit Symbol Description
1 B2_FLT_M BUCK2 FLT mask

0 — Unmasked

1 — Masked (default)
0 B1_FLT_M BUCK1 FLT mask

0 — Unmasked

1 — Masked (default)

8.2.7 PWR_STATE

The power state register shows current PF9453 power states and modes.

Table 30. PWR_STATE register (address 07h) bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol |PWR_STAT PWR_MODE

Reset |0 0 0 0 0 0

Access |R R R R R R R R

Table 31. PWR_STATE register (address 07h) bit descriptions

Bit Symbol Description
7to4 |PWR_STAT Current PF9453 STATES
0000 — OFF (default)
0100 — SNVS
0101 — PWRUP
1000 — RUN
1100 — PWRDN
1110 — FAULT_SD
others — Reserved
3to0 PWR_MODE Current PF9453 MODE, only effective at RUN state
0000 — Active mode — DVSO0 (default)
1000 — STANDBY MODE
1010 — DP_STANDBYMODE
others — Reserved

8.2.8 RESET_CTRL

Reset behavior configuration register. OTP programmable register. PMIC_RST_CFG bits are not available in

WLCSP package.

Table 32. RESET_CTRL register (address 08h) bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol |WDOG_B_CFG PMIC_RST_CFG TRESTART |RSVD

Reset |0 0 1 0 0 0 0 0
Access |R/W R/W R/W R/W R/W R/W R/W R/W
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Table 33. RESET_CTRL register (address 08h) bit descriptions

Bit Symbol Description
7to6 |WDOG B _CFG |When WDOG_B is asserted to low, PMIC reset behavior

0 — WDOG_B reset is disabled (default)

1 — Warm reset, POR_B pin is asserted low for tRSTB

10 and 11 — Cold Reset, all voltage regulators are recycled, except LDO_SNVS.
5to4 |PMIC_RST_CFG |When PMIC_RST_B is asserted to low, PMIC reset behavior

0 — PMIC_RST _B reset is disabled

1 — Warm Reset, POR_B pin is asserted low for tRSTB

10 and 11 — Cold Reset, all voltage regulators are recycled (default), except LDO_SNVS.
3 TRESTART Time to stay regulators off during Cold Reset

0 — 250 ms (default)

1—500 ms
2to0 |RSVD Reserved
8.2.9 SW_RST

Software reset register.

Table 34. SW_RST register (address 09h) bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol SW_RST KEY

Reset 0 0 0 0 0 0 0 0
Access RIW RIW RIW RIW RIW RIW RIW RIW

Table 35. SW_RST register (address 09h) bit descriptions

Bit

Symbol

Description

7t00

SW_RST_KEY

Software reset register. This register is read back to “0x00” right after writing the value.
0000 0000 — No action (default)

0000 0101 — Reset O-type registers to default value

0000 1001 — Reset O-type registers and S-type registers

0001 0100 — Cold Reset (power recycle all regulators)

0011 0101 — Warm Reset (toggle POR_B for 20 ms)

1110 1110 — PMIC digital reset (debug purposes only)

others — Forbidden

8.2.10 PWR_SEQ_CTRL

Debounce timer configuration register. OTP programmable register. PMIC_RST_B_ON and PMIC_RST_B_DEB
bits are not available in WLCSP package.

Table 36. PWR_SEQ_CTRL register (address 0Ah) bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol |PMIC_RST_B_ON RSVD PMIC_RST_B_DEB RSVD PSQ_TON_STEP  |PSQ_TOFF_STEP
Reset |0 0 0 0 0 1 1 0
Access |R/W RIW RW RW RIW RW RW RIW
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Table 37. PWR_SEQ_CTRL register (address 0Ah) bit descriptions

Bit Symbol Description

7 PMIC_RST_B_ON Configure PMIC_RST_B pin as Power ON source
0 — Mask (default)

1 — Power ON Source

6 RSVD Reserved

5 PMIC_RST_B_DEB
0 — 20 ms (default)
1—100 ms

Debounce time for PMIC_RST_B pin for falling edge. ( rising edge doesn’t have debounce time)

4 RSVD Reserved

3to2 PSQ_TON_STEP Time step configuration during power on sequence
00— 1ms

01 — 2 ms (default)

10 —4ms

11 —8ms

1t00 PSQ_TOFF_STEP Time step configuration during power down sequence
00—2ms

01—4ms

10 — 8 ms (default)

11— 16 ms

8.2.11 SYS_CFG1

Systems 1 configuration register. RESETKEY_TIMER bits are not available in WLCSP package.

Table 38. SYS_CFG1 register (address 0Bh) bit allocation

Bit 7 | 6 5 4 3 2 1 0

Symbol  |LOW_VSYS STANDBY_CFG |RESETKEY_TIMER TFLT_SD_WAIT | THERM_SD_
DIS

Reset 0 1 0 1 0 1 0 0

Access R/W R/W R/W R/W R/W R/W R/W R/W

Table 39. SYS_CFG1 register (address 0Bh) bit descriptions

Bit Symbol Description

7t06 LOW_VSYS Low VSYS threshold above Vsys uviLo
00 — 100 mV

01 — 200 mV (default)

10 — 300 mV

11 — 400 mV

5 STANDBY_CFG Mode configuration bit when PMIC_STBY_REQ pin is High
0 — STANDBY mode (default)

1 — DPSTANDBY mode

4102 RESETKEY_TIMER RESETKEY timer configuration after PMIC_RST_B pin falls low
000 — 100 ms

001 — 1 sec

10 — 2 sec

11 —4 sec

100 — 6 sec

101 — 8 sec (default)

110 — 10 sec

111 — 12 sec

1 TFLT_SD_WAIT Wait time for AP action when regulator fault occurs
0 — 100 ms (default)

1—20ps

0 THERM_SD_DIS Thermal shutdown disable bit

0 — Enable Thermal shutdown (default)
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Table 39. SYS_CFG1 register (address 0Bh) bit descriptions...continued

Bit

Symbol

Description

1 — Disable Thermal shutdown

8.2.12 SYS_CFG2

ONKEY timer and VSYS UVLO configuration register. OTP programmable register. ONKEY_TIMER bits are not
available in WLCSP package.

Table 40. SYS_CFG2 register (address 0Ch) bit allocation

Bit 7 6 5 4 3 2 1 0

Symbol |ONKEY_TIMER RSVD RSVD POK_PU VSYS_UVLO

Reset |0 1 1 1 0 0 0 1

Access |R/W R/W R/W R/W R/W R/W R/W R/W

Table 41. SYS_CFG2 register (address 0Ch) bit descriptions

Bit Symbol Description

7to6 |ONKEY_TIMER |ONKEY timer configuration after PMIC_RST_B pin falls low
00 — 1 sec
01 — 2 sec (default)
10 — 4 sec
11 — 8 sec

5to4 |RSVD Reserved

3 RSVD Reserved

2 POK_PU POK reference during power up
0 — POK is reference to turn on next power group (default)
1 — POK is ignored during power up

1to0 |[VSYS_UVLO VSYS UVLO threshold, rising threshold
00 —265V
01 — 2.85V (default)
10—30V
11 —33V

8.2.13 CLK_32K_CFG

Crystal driver configuration register.

Table 42. CLK_32K_CFG register (address 0Dh) bit allocation crystal driver configuration register

Bit 7 6 ‘ 5 ‘ 4 3 2 1 0
Symbol RSVD CLK_32K_DIS
Reset 0 0 0 0 0 0 0 0
Access RIW RIW RIW RIW RIW RIW RIW RIW
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Table 43. CLK_32K_CFG register (address 0Dh) bit descriptions

Bit Symbol Description

7to1 RSVD Reserved

0 CLK_32K _DIS 0 — Enable 32.768 kHz crystal oscillator driver output buffer (default)
1 — Disable 32.768 kHz crystal oscillator driver output buffer

8.2.14 BUCK1CTRL
BUCK1 control register for active discharge, FPWM and Enable. OTP programmable register.

Table 44. BUCK1CTRL register (address 10h) bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol |[RSVD RSVD B1_AD B1_FPWM |B1_ENMODE
Reset (0 0 1 1 1 0 0 1
Access |R/W R/IW R/W R/W R/W R/W R/W R/W

Table 45. BUCK1CTRL register (address 10h) bit descriptions

Bit Symbol Description
7to6 |RSVD Reserved

5to4 |RSVD Reserved

3 B1_AD Buck1 Active discharge

0 — Always disable Active discharge resistor
1 — Enable Active discharge resistor when regulator is OFF (default)

2 B1_FPWM Forced PWM mode
0 — Automatic PFM and PWM mode transition (default)
1 — Forced PWM mode

1t00 B1_ENMODE Buck1 enable mode

00 — OFF

01 — ON at RUN State (default)

10 — ON at ACTIVE mode or STANDBY mode, OFF at DPSTANDBY
11 — ON at ACTIVE mode, OFF at STANDBY or DPSTANDBY

8.2.15 BUCK10UT

BUCK1 output voltage configuration register. This register is protected by lock key; Ox4E register should be
written with unlock key before updating this register. OTP programmable register.

Table 46. BUCK10UT register (address 11h) bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol RSVD B1_OUT

Reset 0 0 0 1 0 1 0 0
Access R/W R/W R/W R/W R/W R/W R/W R/W
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Table 47. BUCK10UT register (address 11h) bit descriptions

Bit Symbol Description
7 RSVD Reserved
6to0 [B1_OUT BUCK1 Output voltage

Programmable from 0.60 V to 3.775 V in 25 mV steps
001 0100 — 1.1 V (default, based on OTP configuration A1) See Table 67

8.2.16 BUCK2CTRL

BUCK?2 control register for ramp, DVS control, active discharge, FPWM and enable. OTP programmable

register.
Table 48. BUCK2CTRL register (address 14h) bit allocation
Bit 7 6 5 4 3 2 1 0
Symbol [B2_RAMP RSVD B2_AD B2_FPWM |B2_ENMODE
Reset |0 1 1 1 1 0 0 1
Access |R/W R/W R/W R/W R/W R/W R/W R/W
Table 49. BUCK2CTRL register (address 14h) bit descriptions
Bit Symbol Description
7t0o6 |B2_RAMP BUCK2 DVS speed
00—25mV/1us
01 — 25 mV /2 us (default)
10—25mV /4 us
11—25mV/8us
5t04 |RSVD Reserved
3 B2_AD BUCK?2 Active discharge
0 — Always disable Active discharge resistor
1 — Enable Active discharge resistor when regulator is OFF (default)
2 B2_FPWM Forced PWM mode
0 — Automatic PFM and PWM mode transition (default)
1 — Forced PWM mode
1to0 |B2_ENMODE BUCK2 enable mode
00 — OFF
01 — ON at RUN State (default)
10 — ON at ACTIVE mode or STANDBY mode, OFF at DPSTANDBY
11 — ON at ACTIVE mode, OFF at STANDBY or DPSTANDBY

8.2.17 BUCK20UT

BUCK2 DVS output voltage when PMIC_STBY_REQ = L. This register is protected by lock key; Ox4E register
should be written with unlock key before updating this register. OTP programmable register.

Table 50. BUCK20UT register (address 15h) bit allocation

Bit

7

6 ‘ 5 4 3 2 1 0

Symbol

RSVD

B2_OUT
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Table 50. BUCK20UT register (address 15h) bit allocation...continued

Bit 7 6 5 4 3 2 1 0
Reset 0 0 0 1 0 1 0 0
Access R/W R/W R/W R/W R/W R/W R/W R/W
Table 51. BUCK20UT register (address 15h) bit descriptions

Bit Symbol Description

7 RSVD Reserved

6to0 [B2_OUT BUCK2 Output voltage

Programmable from 0.60 V to 2.1875 V in 12.5 mV steps
001 0100 — 0.85 V (default, based on OTP configuration A1) See Table 66

8.2.18 BUCK20UT_STBY

BUCK2 DVS output voltage, PMIC_STBY_REQ = H.

Table 52. BUCK20OUT_STBY register (address 1Dh) bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol RSVD B2_DVS_STBY

Reset 0 0 0 1 0 1 0 0
Access R/W R/W R/W R/W R/W R/W R/W R/W
Table 53. BUCK20OUT_STBY register (address 1Dh) bit descriptions

Bit Symbol Description

7 RSVD Reserved

6to0 [B2_DVS_STBY |BUCK2 Output voltage at Standby mode

Programmable from 0.60 V to 2.1875 V in 12.5 mV steps
001 0100 — 0.85 V (default) See Table 66

8.2.19 BUCK20UT_MAX_LIMIT

BUCK2 output voltage max limit register. This register is protected by lock key; O0x4E register should be written
with unlock key before updating this register. OTP programmable register.

Table 54. BUCK20OUT_MAX_LIMIT register (address 1Fh) bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol RSVD B2_MAX_LIMIT

Reset 0 0 0 1 1 0 0 0
Access R/W R/W R/W R/W R/W R/W R/W R/W
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Table 55. BUCK20OUT_MAX_LIMIT register (address 1Fh) bit descriptions
Bit Symbol Description

7 RSVD Reserved

6to0 B2_MAX_LIMIT |BUCK?2 output voltage maximum limit
Programmable from 0.60 V to 2.1875 V in 12.5 mV steps
001 1000 — 0.90 V (default, based on OTP configuration A1) See Table 66

8.2.20 BUCK20OUT_MIN_LIMIT

BUCK2 output voltage lower limit register. This register is protected by lock key; 0x4E register should be written
with unlock key before updating this register. OTP programmable register.

Table 56. BUCK2OUT_MIN_LIMIT register (address 20h) bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol RSVD B2_MIN_LIMIT

Reset 0 0 0 0 0 0 0 1
Access R/W R/W R/W R/W R/W R/W R/W R/W

Table 57. BUCK20OUT_MIN_LIMIT register (address 20h) bit descriptions
Bit Symbol Description

7 RSVD Reserved

6to0 [B2_MIN_LIMIT |BUCK?2 output voltage minimum limit

Programmable from 0.60 V to 2.1875 V in 12.5 mV steps

000 0001 — 0.6125 V (default, based on OTP configuration A1)
See Table 66

8.2.21 BUCK3CTRL

BUCKS control register for active discharge, FPWM and enable. OTP programmable register.

Table 58. BUCK3CTRL register (address 21h) bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol |[RSVD RSVD B3_AD B3_FPWM |B3_ENMODE
Reset |0 0 1 1 1 0 0 1
Access |R/W R/W R/W R/W R/W R/W R/W R/W

Table 59. BUCK3CTRL register (address 21h) bit descriptions

Bit Symbol Description
7to6 |RSVD Reserved
5to4 |RSVD Reserved
3 B3_AD BUCKS3 Active discharge
0 — Always disable Active discharge resistor
1 — Enable Active discharge resistor when regulator is OFF (default)
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Table 59. BUCK3CTRL register (address 21h) bit descriptions...continued

Bit Symbol Description

2 B3_FPWM Forced PWM mode

0 — Automatic PFM and PWM mode transition (default)
1 — Forced PWM mode

1to0 |B3_ENMODE BUCKS3 enable mode

00 — OFF

01 — ON at RUN State (default)

10 — ON at ACTIVE mode or STANDBY mode, OFF at DPSTANDBY
11 — ON at ACTIVE mode, OFF at STANDBY or DPSTANDBY

8.2.22 BUCK3O0UT

BUCKS output voltage configuration register. This register is protected by lock key; Ox4E register should be
written with unlock key before updating this register. OTP programmable register.

Table 60. BUCK3OUT register (address 22h) bit allocation

Bit 7 6 ‘ 5 4 3 2 1 0
Symbol | RSVD B3_OUT

Reset 0 0 1 1 0 0 0 0
Access R/W R/W R/W R/W R/W R/W R/W R/W

Table 61. BUCK3OUT register (address 22h) bit descriptions

Bit Symbol Description
7 RSVD Reserved
7to0 |B3_OUT BUCKS3 Output voltage

Programmable from 0.60 V to 3.775 V in 25 mV steps
011 0000 — 1.8 V (default, based on OTP configuration A1) See Table 67

8.2.23 BUCKACTRL
BUCKA4 control register for Active discharge, FPWM and Enable. OTP programmable register.

Table 62. BUCKA4CTRL register (address 2Eh) bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol |[RSVD RSVD B4_AD B4_FPWM |B4_ENMODE
Reset |0 0 1 1 1 0 0 1
Access |R/W R/W R/W R/W R/W R/W R/W R/W

Table 63. BUCKA4CTRL register (address 2Eh) bit descriptions

Bit Symbol Description

7to6 |RSVD Reserved

5to4 |RSVD Reserved
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Table 63. BUCKACTRL register (address 2Eh) bit descriptions...continued

Bit Symbol Description

3 B4 _AD Buck4 Active discharge
0 — Always disable Active discharge resistor

1 — Enable Active discharge resistor when regulator is OFF (default)

2 B4 _FPWM Forced PWM mode
0 — Automatic PFM and PWM mode transition (default)
1 — Forced PWM mode

1t00 B4_ENMODE Buck4 enable mode
00 — OFF
01 — ON at RUN State (default)

11 — ON at ACTIVE mode, OFF at STANDBY or DPSTANDBY

10 — ON at ACTIVE mode or STANDBY mode, OFF at DPSTANDBY

8.2.24 BUCK40UT

BUCKA4 output voltage configuration register. This register is protected by Lock key; Ox4E register should be

written with unlock key before updating this register. OTP programmable register.

Table 64. BUCK4OUT register (address 2Fh) bit allocation

Bit 7 6 | s 4 3 2 1 0
Symbol RSVD B4_OUT
Reset 0 1 1 0 1 1 0 0
Access R/W R/W R/W R/W R/W R/W R/W R/W
Table 65. BUCK4OUT register (address 2Fh) bit descriptions
Bit Symbol Description
7 RSVD Reserved
6to0 [B4_OUT BUCK4 Output voltage

Programmable from 0.60 V to 3.775 V in 25 mV steps

110 1100 — 3.3 V (default, based on OTP configuration A1)

See Table 67
Table 66. BUCK2 output voltage table
Code Voltage Code Voltage Code Voltage Code Voltage
0x00 0.6000 V 0x20 1.0000 V 0x40 1.4000 V 0x60 1.8000 V
0x01 0.6125V 0x21 1.0125V 0x41 14125V 0x61 1.8125V
0x02 0.6250 V 0x22 1.0250 V 0x42 1.4250 V 0x62 1.8250 V
0x03 0.6375V 0x23 1.0375V 0x43 1.4375V 0x63 1.8375V
0x04 0.6500 V 0x24 1.0500 V 0x44 1.4500 V 0x64 1.8500 V
0x05 0.6625 V 0x25 1.0625 V 0x45 1.4625V 0x65 1.8625 V
0x06 0.6750 V 0x26 1.0750 V 0x46 1.4750 V 0x66 1.8750 V
PFo453 Al information provided in this document is subject to legal disclaimers. ©2025 NXP B.V. All rights reserved.
Product data sheet Rev. 2.0 — 26 November 2025 Document feedback

42791


https://www.nxp.com/pages/technical-documentation-feedback:WF-TECHNICAL-DOCUMENTATION-FEEDBACK?tid=pdfwf_PF9453

NXP Semiconductors PF9453

Power management IC for i.MX 91 and I.MX 93

Table 66. BUCK2 output voltage table...continued

Code Voltage Code Voltage Code Voltage Code Voltage

0x07 0.6875V 0x27 1.0875V 0x47 1.4875V 0x67 1.8875V
0x08 0.7000 V 0x28 1.1000 V 0x48 1.5000 V 0x68 1.9000 V
0x09 0.7125V 0x29 1.1125V 0x49 15125V 0x69 19125V
0x0A 0.7250 V O0x2A 1.1250 V 0x4A 1.5250 V Ox6A 1.9250 V
0x0B 0.7375V 0x2B 11375V 0x4B 15375V 0x6B 1.9375V
0x0C 0.7500 V 0x2C 1.1500 V 0x4C 1.5500 V 0x6C 1.9500 V
0x0D 0.7625 V 0x2D 1.1625V 0x4D 1.5625V 0x6D 1.9625 V
0x0E 0.7750 V Ox2E 1.1750 V Ox4E 1.5750 V Ox6E 1.9750 V
0x0F 0.7875V Ox2F 1.1875V Ox4F 1.5875V Ox6F 1.9875V
0x10 0.8000 V 0x30 1.2000 V 0x50 1.6000 V 0x70 2.0000 V
0x11 0.8125V 0x31 12125V 0x51 1.6125V 0x71 2.0125V
0x12 0.8250 V 0x32 1.2250 V 0x52 1.6250 V 0x72 2.0250 V
0x13 0.8375V 0x33 1.2375V 0x53 1.6375V 0x73 2.0375V
0x14 0.8500 V 0x34 1.2500 V 0x54 1.6500 V 0x74 2.0500 V
0x15 0.8625 V 0x35 1.2625V 0x55 1.6625V 0x75 2.0625V
0x16 0.8750 V 0x36 1.2750 V 0x56 1.6750 V 0x76 2.0750 V
0x17 0.8875V 0x37 1.2875V 0x57 1.6875V Ox77 2.0875V
0x18 0.9000 V 0x38 1.3000 V 0x58 1.7000 V 0x78 2.1000 V
0x19 0.9125V 0x39 1.3125V 0x59 1.7125V 0x79 21125V
Ox1A 0.9250 V Ox3A 1.3250 V 0x5A 1.7250 V Ox7A 21250V
0x1B 0.9375V 0x3B 1.3375V 0x5B 1.7375V 0x7B 21375V
0x1C 0.9500 V 0x3C 1.3500 V 0x5C 1.7500 V 0x7C 2.1500 V
0x1D 0.9625 V 0x3D 1.3625V 0x5D 1.7625V 0x7D 21625V
Ox1E 0.9750 V Ox3E 1.3750 V 0x5E 1.7750 V Ox7E 21750V
Ox1F 0.9875V Ox3F 1.3875V 0x5F 1.7875V Ox7F 21875V

Table 67. BUCK1, BUCK3, BUCK4 output voltage table

Code Voltage Code Voltage Code Voltage Code Voltage
0x00 0.600 V 0x20 1.400 V 0x40 2200V 0x60 3.000 V
0x01 0.625V 0x21 1425V 0x41 2225V 0x61 3.025V
0x02 0.650 V 0x22 1450V 0x42 2250V 0x62 3.050 vV
0x03 0.675V 0x23 1475V 0x43 2275V 0x63 3.075V
0x04 0.700 VvV 0x24 1.500 V 0x44 2.300V 0x64 3.100 vV
0x05 0.725V 0x25 1525V 0x45 2325V 0x65 3.125V
0x06 0.750 V 0x26 1.550 V 0x46 2.350V 0x66 3.150V
0x07 0.775V 0x27 1575V 0x47 2375V 0x67 3.175V
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Table 67. BUCK1, BUCK3, BUCK4 output voltage table...continued

Code Voltage Code Voltage Code Voltage Code Voltage
0x08 0.800 V 0x28 1.600 V 0x48 2400V 0x68 3.200V
0x09 0.825V 0x29 1.625V 0x49 2425V 0x69 3.225V
0x0A 0.850 V O0x2A 1.650 V 0x4A 2450V Ox6A 3.250 V
0x0B 0.875V 0x2B 1.675V 0x4B 2475V 0x6B 3.275V
0x0C 0.900 V 0x2C 1.700 V 0x4C 2.500 V 0x6C 3.300V
0x0D 0.925V 0x2D 1.725V 0x4D 2525V 0x6D 3.325V
0x0E 0.950 V Ox2E 1.750 V Ox4E 2,550 V Ox6E 3.350 V
0x0F 0.975V Ox2F 1.775V Ox4F 2575V Ox6F 3.375V
0x10 1.000 V 0x30 1.800 V 0x50 2.600 V 0x70 3.400V
0x11 1.025V 0x31 1.825V 0x51 2625V 0x71 3425V
0x12 1.050 V 0x32 1.850 V 0x52 2.650 V 0x72 3.450V
0x13 1.075V 0x33 1.875V 0x53 2675V 0x73 3475V
0x14 1.100 V 0x34 1.900 V 0x54 2,700 V 0x74 3.500 V
0x15 1125V 0x35 1.925V 0x55 2725V 0x75 3.525V
0x16 1.150 V 0x36 1.950 V 0x56 2,750 V 0x76 3.550 V
0x17 1175V 0x37 1.975V 0x57 2775V Ox77 3.570V
0x18 1.200 V 0x38 2.000 V 0x58 2.800 V 0x78 3.600 V
0x19 1.225V 0x39 2.025V 0x59 2825V 0x79 3.625V
Ox1A 1.250 V Ox3A 2.050 V 0x5A 2.850 V Ox7A 3.650 V
0x1B 1.275V 0x3B 2.075V 0x5B 2875V 0x7B 3.675V
0x1C 1.300 V 0x3C 2.100 V 0x5C 2.900 vV 0x7C 3.700 V
0x1D 1.325V 0x3D 2125V 0x5D 2925V 0x7D 3.725V
Ox1E 1.350 V Ox3E 2.150 V 0x5E 2950V Ox7E 3.750 V
Ox1F 1.375V Ox3F 2175V 0x5F 2975V Ox7F 3.775V

8.2.25 LDO1_OUT L

LDO1 output voltage register when SD_VSEL is low. This register is protected by Lock key; Ox4E register
should be written with unlock key before updating this register. OTP programmable register.

Table 68. LDO1_OUT_L register (address 36h) bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol RSVD L1_OUT_L

QFN 0 1 1 0 0 1 0 0
eset

WLCSP 0 0 0 0 0 0 0 0
reset

Access R/W R/W R/W R/W R/W R/W R/W R/W
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Bit Symbol Description
7 RSVD Reserved
6to0 |L1_OUT L LDO1 output voltage when SD_VSEL pin = Low Programmable from 0.8 V to 3.3 V in 25 mV

steps:

¢ 0000 0000 — 0.8V (default, WLCSP package OTP A1)
* 0110 0100 — 3.3V (default, QFN package OTP A1)
See Table 70

Table 70. L1_OUT_L values

Voltage (V) Code Code Voltage (V) Code Code Voltage (V) Code Code
(Dec) (Bin) (Dec) (Bin) (Dec) (Bin)
0.800 0 0000000 1.650 34 0100010 2.500 68 1000100
0.825 1 0000001 1.675 35 0100011 2.525 69 1000101
0.850 2 0000010 1.700 36 0100100 2.550 70 1000110
0.875 3 0000011 1.725 37 0100101 2.575 71 1000111
0.900 4 0000100 1.750 38 0100110 2.600 72 1001000
0.925 5 0000101 1.775 39 0100111 2.625 73 1001001
0.950 6 0000110 1.800 40 0101000 2.650 74 1001010
0.975 7 0000111 1.825 41 0101001 2.675 75 1001011
1.000 8 0001000 1.850 42 0101010 2.700 76 1001100
1.025 9 0001001 1.875 43 0101011 2.725 77 1001101
1.050 10 0001010 1.900 44 0101100 2.750 78 1001110
1.075 11 0001011 1.925 45 0101101 2.775 79 1001111
1.100 12 0001100 1.950 46 0101110 2.800 80 1010000
1.125 13 0001101 1.975 47 0101111 2.825 81 1010001
1.150 14 0001110 2.000 48 0110000 2.850 82 1010010
1.175 15 0001111 2.025 49 0110001 2.875 83 1010011
1.200 16 0010000 2.050 50 0110010 2.900 84 1010100
1.225 17 0010001 2.075 51 0110011 2.925 85 1010101
1.250 18 0010010 2.100 52 0110100 2.950 86 1010110
1.275 19 0010011 2.125 53 0110101 2.975 87 1010111
1.300 20 0010100 2.150 54 0110110 3.000 88 1011000
1.325 21 0010101 2175 55 0110111 3.025 89 1011001
1.350 22 0010110 2.200 56 0111000 3.050 90 1011010
1.375 23 0010111 2.225 57 0111001 3.075 91 1011011
1.400 24 0011000 2.250 58 0111010 3.100 92 1011100
1.425 25 0011001 2.275 59 0111011 3.125 93 1011101
1.450 26 0011010 2.300 60 0111100 3.150 94 1011110
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Table 70. L1_OUT_L values...continued

Voltage (V) Code Code Voltage (V) Code Code Voltage (V) Code Code

(Dec) (Bin) (Dec) (Bin) (Dec) (Bin)

1.475 27 0011011 2.325 61 0111101 3.175 95 1011111
1.500 28 0011100 2.350 62 0111110 3.200 96 1100000
1.525 29 0011101 2.375 63 0111111 3.225 97 1100001
1.550 30 0011110 2.400 64 1000000 3.250 98 1100010
1.575 31 0011111 2.425 65 1000001 3.275 99 1100011
1.600 32 0100000 2.450 66 1000010 3.300 100 1100100
1.625 33 0100001 2.475 67 1000011 3.300 >100 >1100100

8.2.26 LDO1_CFG
LDO1 enable control and active discharge resistor configuration register. OTP programmable register.

Table 71. LDO1_CFG register (address 37h) bit allocation

Bit 7 | 6 5 4 3 2 1 0
Symbol  |RSVD L1 AD.SD_  |L1AD RSVD L1_ENMODE

VSEL
Reset 0 0 1 1 0 0 0 1
Access  |RW RIW RIW RIW RIW RIW RIW RIW

Table 72. LDO1_CFG register (address 37h) bit descriptions

Bit Symbol Description
7to6 |RSVD Reserved
5 L1_AD_SD _VSEL |LDO1 Active discharge control during ON

0 — Disable Active discharge resistor
1 — Enable Active discharge resistor for 2 ms!" during LDO1 transition only from 3.3 V to
1.8 V by toggling SD_VSEL pin (default)

4 L1_AD LDO1 Active discharge control during OFF
0 — Always disable Active discharge resistor
1 — Enable Active discharge resistor when regulator is OFF (default)

3to2 RSVD Reserved
1to0 |L1_ENMODE LDO1 Enable mode
00 — OFF

01 — ON at RUN State (default)
10 — ON at ACTIVE mode or STANDBY mode, OFF at DPSTANDBY
11 — ON at ACTIVE mode, OFF at STANDBY or DPSTANDBY

[1]  During this 2 ms transition time, LDO1 maximum load current is limited.

8.2.27 LDO1_OUT_H

LDO1 output voltage register when SD_VSEL is High. This register is protected by Lock key; Ox4E register
should be written with unlock key before updating this register. OTP programmable register.
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Table 73. LDO1_OUT_H register (address 38h) bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol RSVD L1_OUT_H

QFN 0 0 1 0 1 0 0 0
reset

WLCSP 0 0 0 0 0 0 0 0
reset

Access R/W R/W R/W R/W R/W R/W R/W R/W
Table 74. LDO1_OUT_H register (address 38h) bit descriptions

Bit Symbol Description

7 RSVD Reserved

6to0 |[L1_OUT_H LDO1 output voltage when SD_VSEL pin = High Programmable from 0.8 V to 3.3 V in 25 mV

steps

* 0000 0000 — 0.8V (default, WLCSP package OTP A1)
* 0010 1000 — 1.8V (default, QFN package OTP A1) See Table 75

Table 75. L1_OUT_H values

Voltage (V) Code Code Voltage (V) Code Code Voltage (V) Code Code
(Dec) (Bin) (Dec) (Bin) (Dec) (Bin)
0.800 0 0000000 1.650 34 0100010 2.500 68 1000100
0.825 1 0000001 1.675 35 0100011 2.525 69 1000101
0.850 2 0000010 1.700 36 0100100 2.550 70 1000110
0.875 3 0000011 1.725 37 0100101 2.575 71 1000111
0.900 4 0000100 1.750 38 0100110 2.600 72 1001000
0.925 5 0000101 1.775 39 0100111 2.625 73 1001001
0.950 6 0000110 1.800 40 0101000 2.650 74 1001010
0.975 7 0000111 1.825 41 0101001 2.675 75 1001011
1.000 8 0001000 1.850 42 0101010 2.700 76 1001100
1.025 9 0001001 1.875 43 0101011 2.725 77 1001101
1.050 10 0001010 1.900 44 0101100 2.750 78 1001110
1.075 1 0001011 1.925 45 0101101 2775 79 1001111
1.100 12 0001100 1.950 46 0101110 2.800 80 1010000
1.125 13 0001101 1.975 47 0101111 2.825 81 1010001
1.150 14 0001110 2.000 48 0110000 2.850 82 1010010
1.175 15 0001111 2.025 49 0110001 2.875 83 1010011
1.200 16 0010000 2.050 50 0110010 2.900 84 1010100
1.225 17 0010001 2.075 51 0110011 2,925 85 1010101
1.250 18 0010010 2.100 52 0110100 2.950 86 1010110
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Table 75. L1_OUT_H values...continued

Voltage (V) Code Code Voltage (V) Code Code Voltage (V) Code Code
(Dec) (Bin) (Dec) (Bin) (Dec) (Bin)
1.275 19 0010011 2.125 53 0110101 2.975 87 1010111
1.300 20 0010100 2.150 54 0110110 3.000 88 1011000
1.325 21 0010101 2175 55 0110111 3.025 89 1011001
1.350 22 0010110 2.200 56 0111000 3.050 90 1011010
1.375 23 0010111 2.225 57 0111001 3.075 91 1011011
1.400 24 0011000 2.250 58 0111010 3.100 92 1011100
1.425 25 0011001 2.275 59 0111011 3.125 93 1011101
1.450 26 0011010 2.300 60 0111100 3.150 94 1011110
1.475 27 0011011 2.325 61 0111101 3.175 95 1011111
1.500 28 0011100 2.350 62 0111110 3.200 96 1100000
1.525 29 0011101 2.375 63 0111111 3.225 97 1100001
1.550 30 0011110 2.400 64 1000000 3.250 98 1100010
1.575 31 0011111 2.425 65 1000001 3.275 99 1100011
1.600 32 0100000 2.450 66 1000010 3.300 100 1100100
1.625 33 0100001 2.475 67 1000011 3.300 >100 >1100100

8.2.28 LDOSNVS_CFG1

LDO_SNVS control register for enable and voltage. This register is protected by Lock key; Ox4E register should
be written with unlock key before updating this register. OTP programmable register.

Table 76. LDOSNVS_CFG1 register (address 39h) bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol | LSNVS_AD L_SNVS_OUT
QFN 1 0 0 1 1 0 0 0
reset
WLCSP 1 0 1 0 1 0 0 0
reset
Access R/W R/W R/W R/W R/W R/W R/W R/W
Table 77. LDOSNVS_CFG1 register (address 39h) bit descriptions
Bit Symbol Description
7 LSNVS_AD SNVS LDO Active discharge enable

0 — Always disable Active discharge resistor

1 — Enable Active discharge resistor when regulator is OFF (default)
6to0 |L SNVS OUT LDO_SNVS output voltage

Programmable from 1.2 V to 3.4 V for QFN package or 0.8 V to 3.0 V for WLCSP package in
25 mV steps

e 010 1000 — 1.8V (default, WLCSP package OTP A1) See Table 78
¢ 001 1000 — 1.8V (default, QFN package OTP A1) See Table 79
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Table 78. L_SNVS_OUT values for WLCSP package

Voltage(V) |Code (Dec) |Code (Bin) |Voltage (V) |Code (Dec) Code (Bin) |Voltage (V) |Code (Dec) |Code (Bin)
0.800 0 0000000 1.650 34 0100010 2.500 68 1000100
0.825 1 0000001 1.675 35 0100011 2.525 69 1000101
0.850 2 0000010 1.700 36 0100100 2.550 70 1000110
0.875 3 0000011 1.725 37 0100101 2.575 71 1000111
0.900 4 0000100 1.750 38 0100110 2.600 72 1001000
0.925 5 0000101 1.775 39 0100111 2.625 73 1001001
0.950 6 0000110 1.800 40 0101000 2.650 74 1001010
0.975 7 0000111 1.825 41 0101001 2.675 75 1001011
1.000 8 0001000 1.850 42 0101010 2.700 76 1001100
1.025 9 0001001 1.875 43 0101011 2.725 77 1001101
1.050 10 0001010 1.900 44 0101100 2.750 78 1001110
1.075 11 0001011 1.925 45 0101101 2.775 79 1001111
1.100 12 0001100 1.950 46 0101110 2.800 80 1010000
1.125 13 0001101 1.975 47 0101111 2.825 81 1010001
1.150 14 0001110 2.000 48 0110000 2.850 82 1010010
1.175 15 0001111 2.025 49 0110001 2.875 83 1010011
1.200 16 0010000 2.050 50 0110010 2.900 84 1010100
1.225 17 0010001 2.075 51 0110011 2.925 85 1010101
1.250 18 0010010 2.100 52 0110100 2.950 86 1010110
1.275 19 0010011 2.125 53 0110101 2.975 87 1010111
1.300 20 0010100 2.150 54 0110110 3.000 88 1011000
1.325 21 0010101 2.175 55 0110110 3.000 >88 >1011000
1.350 22 0010110 2.200 56 - - - -

1.375 23 0010111 2.225 57 - - - -

1.400 24 0011000 2.250 58 - - - -

1.425 25 0011001 2.275 59 - - - -

1.450 26 0011010 2.300 60 - - - -

1.475 27 0011011 2.325 61 - - - -

1.500 28 0011100 2.350 62 - - - -

1.535 29 0011101 2.375 63 - - - -

1.550 30 0011110 2.400 64 - - - -

1.575 31 0011111 2.425 65 - - - -

1.600 32 0100000 2.450 66 - - - -

1.625 33 0100001 2.475 67 - - - -
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Table 79. L_SNVS_OUT values for QFN package

Power management IC for i.MX 91 and I.MX 93

Voltage (V) Code Code Voltage (V) Code Code Voltage (V) Code Code
(Dec) (Bin) (Dec) (Bin) (Dec) (Bin)

1.200 0 0000000 2.050 34 0100010 2.900 68 1000100
1.225 1 0000001 2.075 35 0100011 2.925 69 1000101
1.250 2 0000010 2.100 36 0100100 2.950 70 1000110
1.275 3 0000011 2125 37 0100101 2.975 71 1000111
1.300 4 0000100 2.150 38 0100110 3.000 72 1001000
1.325 5 0000101 2.175 39 0100111 3.025 73 1001001
1.350 6 0000110 2.200 40 0101000 3.050 74 1001010
1.375 7 0000111 2.225 41 0101001 3.075 75 1001011
1.400 8 0001000 2.250 42 0101010 3.100 76 1001100
1.425 9 0001001 2.275 43 0101011 3.125 77 1001101
1.450 10 0001010 2.300 44 0101100 3.150 78 1001110
1.475 1 0001011 2.325 45 0101101 3.175 79 1001111
1.500 12 0001100 2.350 46 0101110 3.200 80 1010000
1.525 13 0001101 2.375 47 0101111 3.225 81 1010001
1.550 14 0001110 2.400 48 0110000 3.250 82 1010010
1.575 15 0001111 2.425 49 0110001 3.275 83 1010011
1.600 16 0010000 2.450 50 0110010 3.300 84 1010100
1.625 17 0010001 2.475 51 0110011 3.325 85 1010101
1.650 18 0010010 2.500 52 0110100 3.350 86 1010110
1.675 19 0010011 2.525 53 0110101 3.375 87 1010111
1.700 20 0010100 2.550 54 0110110 3.400 88 1011000
1.725 21 0010101 2.575 55 0110111 3.400 >88 >1011000
1.750 22 0010110 2.600 56 0111000 |-

1.775 23 0010111 2.625 57 0111001 |-

1.800 24 0011000 2.650 58 0111010 |-

1.825 25 0011001 2.675 59 0111011 |-

1.850 26 0011010 2.700 60 0111100 |-

1.875 27 0011011 2.725 61 0111101 |-

1.900 28 0011100 2.750 62 0111110 |-

1.925 29 0011101 2.775 63 0111111 -

1.950 30 0011110 2.800 64 1000000 |-

1.975 31 0011111 2.825 65 1000001 |-

2.000 32 0100000 2.850 66 1000010 |-

2.025 33 0100001 2.875 67 1000011 |-
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8.2.29 LDOSNVS_CFG2

LDO_SNVS control register.

Table 80. LDOSNVS_CFG2 register (address 3Ah) bit allocation

Power management IC for i.MX 91 and I.MX 93

Bit 7 6 ‘ 5 ‘ 4 3 2 1 0
Symbol RSVD LS_ENMODE
Reset 0 0 0 0 0 0 0 1
Access RIW RIW RIW RIW R/W R/W R/W R/W
Table 81. LDOSNVS_CFG2 register (address 3Ah) bit descriptions

Bit Symbol Description

71 RSVD Reserved

0 LS_ENMODE LDO_SNVS Enable mode

0 — OFF

1 — Always ON (default)

8.2.30 LDO2_CFG

LDO2 control register. OTP programmable register. This register is not available for WLCSP package (reset
value WLCSP 0x00).

Table 82. LDO2_CFG register (address 3Bh) bit allocation

Bit 7 6 5 4 3 2 1 o
Symbol RSVD L2_AD L2 _LLSEL L2 _CSEL L2_ENMODE
Reset 0 1 0 1 1 0 0 1
Access R/W R/W R/W R/W R/W R/W R/W R/W
Table 83. LDO2_CFG register (address 3Bh) bit descriptions
Bit Symbol Description
7 RSVD Reserved
6 L2_AD LDO2 Active discharge enable
0 — Always disable Active discharge resistor
1 — Enable Active discharge resistor when regulator is OFF (default)
Output trace resistance compensation
00 = No Compensation
5to4 |L2_LLSEL 01 = 15 mQ (default)
10 =30 mQ
11 =45mQ
Total Output capacitor selection
00 = Setting for Cout < 5 uF
3to2 L2 CSEL 01 = Setting for Cout > 5 pF
10,11 = Auto Cout detection (default)
1t00 |L2 ENMODE LDO2 Enable mode
00 = OFF
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Table 83. LDO2_CFG register (address 3Bh) bit descriptions...continued

Bit

Symbol

Description

01 = ON at RUN State (default)
10 = ON at ACTIVE mode or STANDBY mode, OFF at DPSTANDBY
11 = ON at ACTIVE mode, OFF at STANDBY or DPSTANDBY

8.2.31 LDO2_OUT

LDO2 output voltage register. This register is protected by Lock key; Ox4E register should be written with unlock
key before updating this register. OTP programmable register. This register is not available for WLCSP package
(reset value WLCSP 0x00).

Table 84. LDO2_OUT register (address 3Ch) bit allocation

Bit

7

6

5|

4

Symbol | L2_INL2_MDET | L2_INL2_VSEL L2_OuT
Reset 0 0 0 0 1 1 0 0
Access R/W R/W RIW RIW RIW R/W R/W R/W
Table 85. LDO2_OUT register (address 3Ch) bit descriptions
Bit Symbol Description
7 L2_INL2_MDET |Manual detection for INL2 supply
0 = Auto detection (default)
1 = Manual configuration
6 L2_INL2_VSEL |INL2 voltage selection, effective only when L2_INL2_MDET = 1b
0b = (Vsys — Vinw2) > 0.7 V (default)
1b = (Vsys — Vin2) 0.7V
5t00 [L2_OUT LDO2 output voltage
Programmable from 0.5 V to 1.95 V in 25 mV step
00 1100 — 0.8 V (default, based on OTP configuration A1); See Table 86
Table 86. L2_OUT values
Voltage (V) Code Code Voltage (V) Code Code Voltage (V) Code Code
(Dec) (Bin) (Dec) (Bin) (Dec) (Bin)
0.500 0 000000 1.000 20 010100 1.500 40 101000
0.525 1 000001 1.025 21 010101 1.525 41 101001
0.550 2 000010 1.050 22 010110 1.550 42 101010
0.575 3 000011 1.075 23 010111 1.575 43 101011
0.600 4 000100 1.100 24 011000 1.600 44 101100
0.625 5 000101 1.125 25 011001 1.625 45 101101
0.650 6 000110 1.150 26 011010 1.650 46 101110
0.675 7 000111 1.175 27 011011 1.675 47 101111
0.700 8 001000 1.200 28 011100 1.700 48 110000
0.725 9 001001 1.225 29 011101 1.725 49 110001
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Table 86. L2_OUT values...continued

Power management IC for i.MX 91 and I.MX 93

Voltage (V) Code Code Voltage (V) Code Code Voltage (V) Code Code
(Dec) (Bin) (Dec) (Bin) (Dec) (Bin)

0.750 10 001010 1.250 30 011110 1.750 50 110010
0.775 11 001011 1.275 31 011111 1.775 51 110011
0.800 12 001100 1.300 32 100000 1.800 52 110100
0.825 13 001101 1.325 33 100001 1.825 53 110101
0.850 14 001110 1.350 34 100010 1.850 54 110110
0.875 15 001111 1.375 35 100011 1.875 55 110111
0.900 16 010000 1.400 36 100100 1.900 56 111000
0.925 17 010001 1.425 37 100101 1.925 57 111001
0.950 18 010010 1.450 38 100110 1.950 58 111010
0.975 19 010011 1.475 39 100111 1.950 >58 >111010

8.2.32 BUCK_POK_F_CFG

BUCKXx POK falling thresholds setting register. OTP programable register. This register is not available for
WLCSP package, POK for all BUCKSs is fixed to 75% for all BUCKs in WLCSP package. Reset value WLCSP

0x00.

Table 87. BUCK_POK_F_CFG register (address 3Dh) bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol BUCK4_POK_F BUCK3_POK_F BUCK2_POK_F BUCK1_POK_F
Reset 0 0 0 0 0 0 0 0
Access R/W R/W R/W R/W R/W R/W R/W R/W

Table 88. BUCK_POK_F_CFG register (address 3Dh) bit descriptions

Bit

Symbol

Description

7to6

BUCK4_POK_F

BUCK4 POK falling threshold

00 = 75% of output voltage (default)
01 = 80% of output voltage

10 = 85% of output voltage

11 = 85% of output voltage

5to4

BUCK3_POK_F

BUCKS3 POK falling threshold

00 = 75% of output voltage (default)
01 = 80% of output voltage

10 = 85% of output voltage

11 = 85% of output voltage

3to2

BUCK2_POK_F

BUCK?2 POK falling threshold

00 = 75% of output voltage (default)
01 = 80% of output voltage

10 = 85% of output voltage

11 = 85% of output voltage
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Table 88. BUCK_POK_F_CFG register (address 3Dh) bit descriptions...continued

Bit Symbol Description
BUCK1 POK falling threshold
00 = 75% of output voltage (default)

1to0 |BUCK1_POK_F |01 =80% of output voltage

10 = 85% of output voltage
11 = 85% of output voltage

8.2.33 LSW_CTRLA1

Load switch configuration register. OTP programmable register.

Table 89. LSW_CTRLA1 register (address 40h) bit allocation
Bit 7 6 | s 4 3 2 1 0
Symbol RSVD RSVD LSW_AD |RSVD LSW_EN
Reset 0 0 0 1 0 0 0 1
Access R/W R/W R/W R/W R/W R/W R/W R/W
Table 90. LSW_CTRLA1 register (address 40h) bit descriptions
Bit Symbol Description
7 RSVD Reserved
6to5 |RSVD Reserved
4 LSW_AD Load SW active discharge
0 — Disabled
1 — Enabled when Load SW1 is off (default)
3to2 |RSVD Reserved
1to0 |LSW_EN Load SW Enable mode
00 — Forcedly OFF
01 — Enabled by LSW_EN pin (default)
10 — Forcedly ON
11 — Forcedly ON
8.2.34 LSW_CTRL2
Load switch configuration register.
Table 91. LSW_CTRL2 register (address 41h) bit allocation
Bit 7 6 5 4 3 2 1 0
Symbol RSVD RSVD RSVD RSVD RSVD LSW_SC LSW_ocC
Reset 0 0 0 0 0 0 0 1
Access R/W R/IW R/IW R/W R/W R/W R/W R/W
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Table 92. LSW_CTRL2 register (address 41h) bit descriptions

Bit Symbol Description
7:3 RSVD Reserved
2 LSW_SC When switch detects short circuit current
0 = Turned OFF and LSW_EN([1:0] are set to 00b automatically (default)
1 = Turned OFF and restart in 100ms
1to0 |LSW_OC When load switch detects over current
00 = Turned OFF and LSW_EN[1:0] are set to 00b automatically
01 = Turned OFF and restart in 100ms (default)
10, 11 = stay ON

8.2.35 REG_LOCK

Output voltage configuration unlock key.

Table 93. REG_LOCK register (address 4Eh) bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol UNLOCK_KEY

Reset 0 0 0 0 0 0 0 0
Access R/W R/W R/W R/W R/W R/W R/W R/W
Table 94. REG_LOCK register (address 4Eh) bit descriptions

Bit Symbol Description

7t00 |UNLOCK_KEY |Unlock key is written to change regulator output configuration.

1011100 — Unlock regulator output configuration registers (0x5C)

Others — Lock regulator output configuration registers

9 Application design-in information

9.1 Reference schematic

9.1.1 PF9453 reference schematic

Figure 23 illustrates PF9453 (HVQFN40 package) reference schematic with i.MX 91 processor.

© 2025 NXP B.V. All rights reserved.
Document feedback
55/91

PF9453 All information provided in this document is subject to legal disclaimers.

Rev. 2.0 — 26 November 2025

Product data sheet


https://www.nxp.com/pages/technical-documentation-feedback:WF-TECHNICAL-DOCUMENTATION-FEEDBACK?tid=pdfwf_PF9453

NXP Semiconductors

PF9453

Power management IC for i.MX 91 and I.MX 93

VSYS
100 kQ PF9453 QFN
) PMIC_RST_B NG INB12
° | o VSYs
= PMIC_ON_REQ NG !
l/ J I 10 uF
PMIC_STBY_REQ NG | VDD2_DDR
> N BUCK1 1 e
WDOG_B NG AV
> 2.0A* "»—';17 I 220
VIO il
[]] []] f] = |BUCK1FB
4.7 kQ 4.7 kQ 100 kQ 100 kQ
SCL .
1“C INB12
SDA interface Dvs 155+ VsYs
IRQ_B g 10 uF
L H , T
POR_B _1:4 = VDD_SOC
BUCK2 1 o
_g“— ¥ 085V || H
VINT - — 27A "»—';17 I 22
Lcwo i
ower
T P = [BUCK2FB
VSYS
Lcn
1uF
NVCC_BBSM_1P8 T LDO_SNVS INB34 VSYS
T LDO_SNvs H ;:1 Lcs VDD_ANAx_1P8
T22uF 1.8 V/10 mA 12c ] I 10 HF VDD_USB_1P8
= register BUCK3 | NVCC_GPIO
- L atndll s 18y J'_I 047 1
INL1 = controller 2.0 A* 22 uF
Lciz Lcua
T 47TuF T 47WF il
NVCC_sD2 = = LDO1 LDO1 = | BUCK3FB
Lcis Lcte 33VH1.8V
:_E4.7 uF :_E4.7 uF 250 mA
) ) INB34
L o7+ VSYs
SDVSEL| T NGO :A T rowr VDD_USB_3P3
|V '_1 LX4 L4 NVCC_3P3
BUCK4 ._I o
INL2 > 33V 4w cs _cho
Lc17 2.5A* 22 yF 22 pF
I 4.7 uF
VDD_ANA_0P8 N
AN LDO2 LDO2 BUCK4FB
L c18 08V
T 47wk 200 mA LSWIN
L C9
I— L I 1pF
- LSWOUT N MicroSD Card
c21
I XTAL_IN > LSW L C19
ingl R L | 32.768kHz T 1w
C2=2 X-tal :IT Y1 XTAL_OUT [ —— X-TALdriver =
= LDO_SNVS LSW EN
CLK_32K_OUT M =
\l ﬂ
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* Output current of PF9453 regulators changes depending on the part number; refer to Table1 aaa-061291
Figure 23. PF9453 QFN application schematic

Figure 24 illustrates PF9453 (WLCSP package) reference schematic with i.MX 91 processor.
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Note*: Output current of PF9453 regulators changes depending on the part number; refer to Table 1 2aa-062967
Figure 24. PF9453 (WLCSP package) reference schematic
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9.1.2 External BOM in reference schematic

Table 95 shows external BOM in reference schematic for QFN package.

Table 95. External BOM for QFN package

Ref Block Pin Part number Size Value
[mm]

L1 BUCK LX1 DFE21CCNR47MELL 2012 0.47 uH

L2 BUCK LX2 DFE21CCNR47MELL 2012 0.47 uH

L3 BUCK LX3 DFE21CCNR47MELL 2012 0.47 uH

L4 BUCK LX4 DFE21CCNR47MELL 2012 0.47 uH

C1,C3 BUCK INB12 GRM188R60J106ME 1608 10 yF x 2

Cc2 BUCK BUCK1 Output |GRM158C80G226ME 1005 22 yF

C5, C7 BUCK INB34 GRM188R60J106ME 1608 10 yF x 2

C4 BUCK BUCK2 Output |GRM158C80G226ME 1005 22 yF

C6 BUCK BUCKS3 Output |GRM158C80G226ME 1005 22 yF

C8, C20 BUCK BUCK4 Output |GRM158C80G226ME 1005 22 yF x 2

C13,C14 LDO INL1 GRM155R60J475ME 1005 4.7 uyF x 2

Cc17 LDO INL2 GRM155R60J475ME 1005 4.7 yF

C15,C16 LDO LDO1 GRM155R60J475ME 1005 4.7 yF x 2

C18 LDO LDO2 GRM155R60J475ME 1005 4.7 yF

C10 VINT VINT GRM155R61C105KA 1005 1 uF

c1 VSYS VSYS GRM155R61C105KA 1005 1 uF

C12 LDO LDO_SNVS GRM155R61C225KE 1005 2.2 yF

C9 LSw LSWIN GRM155R61C105KA 1005 1 uF

C19 LSw LSWOUT GRM155R61C105KA 1005 1 uF

C21 XTAL XTAL_IN GCM1555C1H180JA16 1005 18 pF

C22 XTAL XTAL_OUT GCM1555C1H180JA16 1005 18 pF

Y1 XTAL XTAL_IN and ABS07-32.768KHZ-T 3.2mmx |32.768 kHz

XTAL_OUT 1.5 mm

Table 96 shows external BOM in reference schematic for WLCSP package.

Table 96. External BOM for WLCSP package

Ref Block Pin Part number Size Value
[mm]

L1 BUCK LX1 DFE201210S-R47M 2012 0.47 uH

L2 BUCK LX2 DFE201210S-R47M 2012 0.47 uH

L3 BUCK LX3 DFE201210S-R47M 2012 0.47 uH

L4 BUCK LX4 DFE201210S-R47M 2012 0.47 uH

C1,C3 BUCK INB12 GRM188R60J106ME 1608 10 yF x 2

Cc2 BUCK BUCK1 Output |GRM158C80G226ME 1005 22 yF
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Table 96. External BOM for WLCSP package...continued

Ref Block Pin Part number Size Value
[mm]

C5, C7 BUCK INB34 GRM188R60J106ME 1608 10 yF x 2

C4 BUCK BUCK2 Output |GRM158C80G226ME 1005 22 yF

C6 BUCK BUCKS3 Output |GRM158C80G226ME 1005 22 yF

C8, C20 BUCK BUCK4 Output |GRM158C80G226ME 1005 22 yF x 2

C13,C14 LDO VSYS GRM155R60J475ME 1005 4.7 uyF x 2

C15,C16 LDO LDO1 GRM155R60J475ME 1005 4.7 yF x 2

C10 VINT VINT GRM155R61C105KA 1005 1 uF

c1 VSYS VSYS GRM155R61C105KA 1005 1 uF

C12 LDO LDO_SNVS GRM155R61C225KE 1005 2.2 yF

C9 LSw LSWIN GRM155R61C105KA 1005 1 uF

Cc17 LSw LSWOUT GRM155R61C105KA 1005 1 uF

C18 XTAL XTAL_IN GCM1555C1H180JA16 1005 18 pF

C19 XTAL XTAL_OUT GCM1555C1H180JA16 1005 18 pF

Y1 XTAL XTAL_IN and ABS07-32.768KHZ-T 3.2mmx |32.768 kHz
XTAL_OUT 1.5 mm

9.2 Typical application

The PF9453 devices have only a few design requirements. For more details on how to create schematics with
the PF9453 PMIC and best practices for layout, refer to the PF9453 QFN or WLCSP application note.

10 Limiting values

Table 97. Limiting values
Absolute maximum ratings

Explanation Pin Conditions Min Max Unit
Voltage range VSYS - -0.5 +6.0 \%
(G"",Ltg)res"e"t © INB12, INB34, INL1, INL2 QFN 0.5 VSYS + 0.5 v
INB12, INB34 WLCSP 05 VSYS +0.5 Vv
LX1, LX2 - -0.5 INB12 + 0.5") v
LX3, LX4 - -0.5 INB34 + 0.5") v
BUCK1FB, BUCK2FB, BUCK3FB, |- 05 VSYS +0.5 Vv
BUCKA4FB
LDO1 QFN 05 VinL1+0.5 Vv
WLSCP 05 VSYS +0.5 Vv
LDO2 QFN 05 VinL2+0.5 Vv
XTAL_IN, XTAL_OUT - 05 VSYS +0.5 Vv
VINT - 05 +1.8 Vv
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Table 97. Limiting values...continued
Absolute maximum ratings

Explanation Pin Conditions Min Max Unit
LSWIN - -0.5 VSYS + 0.5 \Y,
LSWOUT - -0.5 LSWIN Vv
LDO_SNVS - -0.5 VSYS + 0.5 \Y,
CLK_32K_OUT - -0.5 LDO_SNVS +0.5 |V
PMIC_ON_REQ, POR_BPMIC_ |- -0.5 VSYS + 0.5 \Y,
STBY_REQ, WDOG_B, IRQ_B,
SCL, SDA, LSW_EN, SD_VSEL,
PMIC_RST_B, (PMIC_RST_B only
available in QFN)
Output current LSWOUT - - 0.45 A
Junction - - -40 +150 °C
temperature
VESD All pins HBM (JESD22-001) -2 +2 kv
CDM (JESD22-C101E) |-500 500 \Y,

11

design as it is already checked in design phase in the point of device safe operating area (SOA) and lifetime.

11 Recommended operating conditions

LX voltage overshoot and undershoot above or below the absolute maximum rating during power transistor switching period is normal and guaranteed by

Table 98. Recommended operating conditions

Explanation Pin Conditions Min Max Unit
Voltage range |VSYS, INL1, INL2 - 2.7 5.5 \%
(G"",Ltg)'eSped © [INB12, INB34 - 27 55 v
LSWIN - 1.8 5.5 \Y
Junction - - -40 +125 °C
temperature
Ambient - QFN -40 +105 °C
temperature WLCSP 40 +85 °c
Storage - QFN -65 +150 °C
temperature WLCSP -55 +150 °C
12 Thermal characteristics
Table 99. Thermal characteristics
Symbol Parameter Board type Package Typ Unit
Reua Thermal resistance from junction to  |JESD51-9, 2s2p QFN 33 °C/W
ambient' JESD51-9, 252p WLCSP 535 | °C/W
Wi Junction to top of package thermal JESD51-9, 2s2p QFN 21 °C/W
characterization parameter JESD51-9, 252p WLCSP 11 “CIW
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[1] Determined in accordance to JEDEC JESD51-2A natural convection environment. Thermal resistance data in this report is solely for a thermal
performance comparison of one package to another in a standardized specified environment. It is not meant to predict the performance of a package in an
application-specific environment.

13 Electrical characteristics

13.1 Top level parameter

Table 100. Top

level parameter

Unless otherwise specified:
* WLCSP— VSYS=3.8V, VINB12 = VINB34 = 3.8 V, TA=—40 °C ~ +85 °C
* QFN —VSYS =38V, VINB12=VINB34 = 3.8V, VINL1 = VINL2 = 3.8 V, TA=—-40 °C ~ +105 °C

Symbol Parameter Conditions ‘ Min ‘Typ | Max | Unit
Quiescent current
la_shutdown Shutdown current LDO_SNVS is ON and no load. QFN, 25 °C - 11 22 WA
WLCSP, 25 °C - 10 16
QFN, -40 °C ~105 °C - 11 30
WLCSP, -40 °C ~85 °C - 10 23
LDO_SNVS and BUCK1 are ON QFN, 25 °C - 23 49 pA
d no load.
andnofoa WLCSP, 25 °C - 22 35
la1 System current
QFN, -40 °C ~105 °C - 23 57
WLCSP, -40 °C ~85 °C - 22 45
All Regulators are ON and no load. |QFN, 25 °C - 59 107 HA
WLCSP, 25 °C - 52 100
la2 System current
QFN, -40 °C ~105 °C - 59 148
WLCSP, -40 °C ~85 °C - 52 112
VSYS
Vsys_uvLo VSYS UVLO Rising — OTP Programmable 00b | — 2.7 2.85 3.0 \%
=265V
01b=2.85V
10b=3.0V
11b=33V
Vsys_uvLo H VSYS UVLO hysteresis | Falling - - 200 mV
VINT
VINT Internal power supply | VSYS = 3.8V - ‘ 1.4 ‘ 15 | 16 |v
Low VSYS
Viow vsys Low VSYS Falling, Low VSYS threshold QFN 110 200 300 mV
above V. L 7:6
- 01Vb svs_uwo: bow vsvs [7:61 - fy oop 140 200 300 mv
Viow vsys_Hys Low VSYS hysteresis Rising - - 100 - mV
Thermal shutdown
TysHDN Thermal shutdown Tj Rising, 15°C hysteresis - - 150 - °C
Tiso Thermal interrupt1 Tj Rising, 15°C hysteresis - - 80 - °C
Ty100 Thermal interrupt2 Tj Rising, 15°C hysteresis - - 100 - °C
Tynys Thermal hysteresis - - - 15 - °C
Logic and control signals
Vi Input LOW level PMIC_ON_REQ, PMIC_STBY_ - - - 0.4 Vv
REQ, WDOG_B, PMIC_RST_B,
(PMIC_RST_B only available in
QFN)
Vi Input HIGH level PMIC_ON_REQ, PMIC_STBY_ - 1.4 - - \Y
REQ, WDOG_B, PMIC_RST_B,
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Table 100. Top level parameter...continued
Unless otherwise specified:
e WLCSP — VSYS =38V, VINB12=VINB34 = 3.8V, TA=—40 °C ~ +85 °C

* QFN—-VSYS=3.8YV, VINB12 = VINB34=3.8V, VINLT = VINL2 = 3.8 V, TA=-40 °C ~ +105 °C

Power management IC for i.MX 91 and I.MX 93

Symbol Parameter Conditions Min Typ Max Unit
(PMIC_RST_B only available in
QFN)
ILEAK Logic Input leakage PMIC_ON_REQ, PMIC_STBY_ -1 - +1 A
current REQ, WDOG_B, PMIC_RST_B,
(PMIC_RST_B only available in
QFN)
Viogic = 5.5V, VSYS =55V
VoL Output LOW level IRQ_B, POR_B, I, =6 mA - 0.4 \%
ILEAak Output high leakage IRQ_B, POR_B, V| oic =5.5V, -1 - +1 A
current VSYS =55V
Timing spec
tsnvs Maximum time to enable |— - 10 - ms
LDO_SNVS from VSYS
UVLO detected
t32k_EN Time to stable 32 kHz - - 1 - sec
clock buffer output from
VSYS UVLO detected
tONiDEB PM|C_ON_REQ - 40 50 60 MS
debounce time
toes_pmic_rsT 8- | Debounce time of Programmable, PMIC_RST_B_ 16 20 24 ms
PMIC_RST_B DEB = 0b
tonkey! " ONKEY timer of PMIC_ | Programmable, ONKEY_ TIMER = 1.6 2 24 sec
RST_B 01b
treseTkEY. | RESETKEY timer of Programmable, RESETKEY _ 7.2 8 9.6 sec
PMIC_RST_B TIMER = 101b
treseT waAT Wait time from RES - 80 100 120 ms
ETKEY detection to
perform reset
ton_sTEP Time step to turn on Programmable, PSQ_TON_ STEP 1.6 2 2.4 ms
each regulator =01b
trok_Exp POK wait timer out - 8 10 12 ms
during power ON
sequence
toFF_sTEP Time step to turn off Programmable, PSQ_TOFF_ 6 8 10 ms
each regulator STEP = 10b
trsTB Time from PUD_T16 Gr |- 16 20 24 ms
POK to POR_B release
during Power on seq
tFLT THSD Debounce time for - 16 20 24 us
thermal fault
toeEB_POKB Debounce time of - 240 300 360 us
regulator POKB
toc_pes! Debounce time of Load |- 240 300 360 us
Switch overcurrent
trLT SD_WAIT Wait time to enter At STANDBY and Run mode, 80 100 120 ms
FAULT_SD after fault programmable, trit sp wair = 0b
interrupt
tFLTfSDfSTAY Time to stay at FAU LT_ 80 100 120 ms
SD to move other mode
tRESTART Wait time to start power | Programmable, trestart = 0b 200 250 300 ms
up after power down at
Cold Reset
tPwWR_HOLD_RST Power Hold time after - 80 100 120 ms
reset is performed
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Table 100. Top level parameter...continued

Unless otherwise specified:

e WLCSP — VSYS =38V, VINB12=VINB34 = 3.8V, TA=—40 °C ~ +85 °C

e QFN —-VSYS =38V, VINB12=VINB34 =3.8V, VINL1 = VINL2 = 3.8 V, TA=-40 °C ~ +105 °C

Symbol Parameter Conditions Min Typ Max Unit

tRESET POR_B low time at - - 16 20 24 ms
Warm Reset

toes_wpocs Debounce time of - - 40 50 60 us
WDOG_B

tFLTfPOKiMSK POK mask time when - - 24 3 3.6 ms
regulator is enabled at
RUN/Standby mode

[11  Only applicable for QFN package.

13.2 BUCK1

Table 101. BUCK1

Unless otherwise specified:

e WLCSP — VSYS =38V, VINB12=VINB34 = 3.8V, TA=—40 °C ~ +85 °C

e QFN— VSYS =38V, VINB12 = VINB34 =3.8V, VINL1 = VINL2 = 3.8V, TA=—-40 °C ~ +105 °C

Symbol Parameter Conditions Min Typ Max Unit
VNB12 Input voltage range INB12 pin 2.7 - 55 \%
la Quiescent current IOUT=0A - 10 - uA
lout_max Max output current - 2000" - - mA
VBuck1 RANGE | Programmable output 1’c programmable, 25 mV/step 0.6 - 3.775 \%
voltage range
VBuck1 DC output voltage Ving12 = 3.8V, Vguckt = 1.1V, loyt = -2 - 2 %
accuracy 0 A, forced PWM (FPWM) mode
AVouT(aving) DC line regulation VINB12 =3 V1o 5V, lout = lout_max - 2 - mV/V
AVouT(aiouT) DC load regulation 0 mA <oyt < lout_max, VBUCK1 =1.1V - 3 - mV/A
AVouTaiouT) Transient load response | loyt changes 0 to loyt max (1 A/ |QFN - 50 - mV
us slope), Vgycky = 1.1V WLCSP ~ 75
AVour Output voltage ripple FPWM mode - - 10 - mV
fsw Switching frequency Continuous conduction mode - - 2 - MHz
(CCM)
Rpson High side P-FET Rpson | Ving12 =3.8V QFN - 130 - mQ
WLCSP - 100 -
Low Side N-FET Rpson | Ving12 =3.8V QFN - 72 - mQ
WLCSP - 50 -
ILim Peak inductor current Ving12 = 3.8V - 3.0 3.6 4.2 A
limit
tsTART Startup time EN rising to 90 % of output - - 510 710 us
voltage
Vsoft_strup Soft-start slew rate - - - 12.5 - mV/us
Rpis Output active discharge |- - - 100 150 Q
resistance
BUCK_POK_R | Output power good - QFN 85 90 95 %
fising WLCSP 74 85 9
BUCK_POK_F | Output power good Programmed by BUCK1_POK_ |QFN 71 75 79 %
falling F[1:0] bits 76 80 84
81 85 89
Fixed values WLCSP 65 75 85 %
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Table 101. BUCKH1...continued

Unless otherwise specified:

* WLCSP— VSYS=3.8V, VINB12 = VINB34 = 3.8 V, TA=—40 °C ~ +85 °C

* QFN — VSYS =38V, VINB12 = VINB34 = 3.8 V, VINL1 = VINL2 = 3.8 V, TA=—40 °C ~ +105 °C

Symbol Parameter Conditions Min Typ Max Unit
tPOK_Deb POK debounce time POK falling - - 300 - us
L Inductor value - — - 0.47 — uH
Cout Output capacitance Minimum nominal capacitance - 22 - - uF
[1]1  Output current of PF9453 regulators changes depending on the part number; refer toTable 2
13.3 BUCK2
Table 102. BUCK2
Unless otherwise specified:
* WLCSP —VSYS=3.8V, VINB12 = VINB34 = 3.8 V, TA=—40 °C ~ +85 °C
e QFN —VSYS =38V, VINB12 = VINB34 = 3.8V, VINL1 = VINL2 = 3.8 V, TA=-40 °C ~ +105 °C
Symbol Parameter Conditions Min Typ Max Unit
ViNB12 Input voltage range INB12 pin 2.7 5.5 \Y
la Quiescent current IOUT = 0A - 10 HA
lout_max Max output current - 2700t mA
VBuck2 RANGE | Programmable output 1’c programmable, 12.5 mV/step 0.6 2.1875 \%
voltage range
VBuck2 DC output voltage Ving12 = 3.8V, Vyckz = 0.85 V, loyt -2 2 %
accuracy = 0A, FPWM mode
AVouT(aving) DC Line regulation VINB12 =3V t0 5V, lout= lout_max - 2 mV/V
AVouT(aiouT) DC Load regulation 0 mA < out < lout_max> VBuck2 = - 3 mV/A
0.85V
AVouTaiouT) Transient load lout changes 0 to loyt_max (1A/us slope), Veyckz = 0.85 V - 50 mV
response
AVout Output voltage ripple FPWM mode - 10 mV
fsw Switching frequency CCM - 2 MHz
Rpson High Side P-FET Ving12 = 3.8V QFN - 130 mQ
Roson WLCSP - 100
Low Side N-FET Rpson | Ving12 = 3.8V QFN - 72 mQ
WLCSP - 50
ILim Peak inductor current | V|ng12 = 3.8V QFN 3.5 4.0 4.65 A
fimit WLCSP 3 36 42
tsTAaRT Startup time EN rising to 90 % of output voltage - 480 680 us
VRaAMP Output voltage slew Programmable, RAMP[1:0] = 01b - 12.5 mV/us
rate
Vsoft_strup Soft-start slew rate - - 12.5 mV/us
BUCK_POK_R | Output power good - QFN 85 90 95 %
fising WLCSP 74 85 96
BUCK_POK_F |Output power good Programmed by BUCK2_POK_ QFN 7 75 79 %
falling F[1:0] bits 76 80 4
81 85 89
Fixed values WLCSP 65 75 85 %
tPoK_Deb POK debounce time POK falling - 300 us
RDIS Output active discharge | - - 100 150 Q
resistance
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Table 102. BUCK2...continued
Unless otherwise specified:

* WLCSP—VSYS =38V, VINB12 = VINB34 = 3.8 V, TA=—40 °C ~ +85 °C
* QFN —VSYS =38V, VINB12 = VINB34 = 3.8V, VINL1 = VINL2 = 3.8 V, TA=—-40 °C ~ +105 °C

Symbol Parameter Conditions Min Typ Max Unit
L Inductor value - - 0.47 uH
Cout Output capacitance Minimum nominal capacitance 22 uF
[1]  Output current of PF9453 regulators changes depending on the part number; refer to Table 2.
13.4 BUCK3
Table 103. BUCK3
Unless otherwise specified:
* WLCSP —VSYS =38V, VINB12 = VINB34 = 3.8 V, TA=-40 °C ~ +85 °C
e QFN — VSYS =38V, VINB12 = VINB34 = 3.8V, VINL1 = VINL2 = 3.8 V, TA=—40 °C ~ +105 °C
Symbol Parameter Conditions Min Typ Max Unit
V|NB34 Input voltage range INB34 pin 2.7 55 \%
la Quiescent current lout = 0A - 10 MA
lout_max Max output current - 2000t mA
VBuck3 RANGE | Programmable output 1’c programmable, 25 mV/step 0.6 3.775 \%
voltage range
VBucks DC output voltage Ving3s4 = 3.8V, Vgycks = 1.8 V, loyt = 0A, FPWM mode -2 2 %
accuracy
AVouT(aving) DC line regulation Ving3s =3 V1o 5V, lout= lout max - 2 mV/V
AVouyT(alout) DC load regulation 0 mA <oyt < lout_max, VBUCK3 =1.8V - 3 mV/A
AVouT(aiouT) Transient load response | loyt changes 0 to loyt max (1A/us | QFN - 75 mV
slope), Vpuckz = 1.8 V WLCSP N 135
AVout Output voltage ripple FPWM mode - 10 mV
fsw Switching frequency CCM - 2 MHz
Rpson High side P-FET Rpson | Ving3s4 = 3.8V QFN - 130 mQ
WLCSP - 100
Low Side N-FET Rpson | Ving3s4 = 3.8V QFN - 72 mQ
WLCSP - 50
ILim Peak inductor current ViNB34 = 3.8V 3.0 3.6 4.2 A
limit
tsTART Startup time EN rising to 90 % of output voltage - 570 770 us
Vsoft_strup Soft-start slew rate - - 125 mV/us
Rpis Output active discharge |- - 100 150 Q
resistance
BUCK_POK_R | Output power good - QFN 85 90 95 %
rising WLCSP 78 85 93
BUCK_POK_F | Output power good Programmed by BUCK3_POK_ QFN 71 75 79 %
falling F[1:0] bits 76 0 aa
81 85 89
Fixed values WLCSP 68 75 82 %
tPoOK_Deb POK debounce time POK falling - 300 us
L Inductor value - - 0.47 uH
Cout Output capacitance Minimum nominal capacitance 22 uF

[11  Output current of PF9453 regulators changes depending on the part number; refer to Table 2.
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13.5 BUCK4

Table 104. BUCK4

Unless otherwise specified:
e WLCSP — VSYS =38V, VINB12 = VINB34 = 3.8 V, TA=—-40 °C ~ +85 °C
* QFN— VSYS =38V, VINB12 = VINB34 = 3.8V, VINL1 = VINL2 = 3.8 V, TA=—40 °C ~ +105 °C

Symbol Parameter Conditions Min Typ Max Unit
VinB12 Input voltage range INB34 pin 2.7 55 \%
la Quiescent current lout = 0A - 10 uA
louT_max Max output current Vingaa = 4.2V 2500!"! mA
VBuck4 RaNGE | Programmable output e programmable, 25 mV/step 0.6 3.775 \%
voltage range
VBucka DC Output Voltage Ving34 = 3.8V, Veucks = 3.3V, loyt = 0A, FPWM mode -2 2 %
Accuracy
AVouT(avine) DC line regulation Ving3a =4.0V 10 5.0V, loyr= QFN - 2 mV/V
lour_max WLCSP - 9
AVouyT(alout) DC load regulation 0 mA <oyt < louT max> VinB34 = 4.2V, Veycks = 3.3V - 6 mV/A
AVouT(aiouT) Transient load response | loyt changes 0 to loyt max (1A/us | QFN - 160 mV
\s/lope), Vingss = 4.2V, Veycka = 3.3 WLCSP N 175
AVout Output voltage ripple FPWM mode - 10 mV
fsw Switching frequency in  |CCM - 2 MHz
CCM
Rpson High side P-FET Rpson | Ving3s = 3.8V QFN - 95 mQ
WLCSP - 75
Low side N-FET Rpson | Ving3s = 3.8 V QFN - 54 mQ
WLCSP - 40
ILim Peak inductor current VinB34 = 3.8V 3.5 4.1 4.7 A
limit
tsTART Startup time EN rising to 90 % of output voltage - 700 900 us
Vsoft_strup Soft-start slew rate - - 12.5 mV/us
Rpis Output active discharge |- - 100 150 Q
resistance
BUCK_POK_Z | Output power good - QFN 85 90 95 %
rising WLCSP 80 85 90
BUCK_POK_F | Output power good Programmed by BUCK4_POK_ QFN 7 75 79 %
falling F[1:0] bits 76 80 ”
81 85 89
Fixed values WLCSP 71 75 79 %
tPoK_Deb POK debounce time POK falling - - 300 us
L Inductor value - - - 0.47 uH
Cout Output capacitance Minimum nominal capacitance - 44 uF

[1]1  Output current of PF9453 regulators changes depending on the part number; refer to Table 2.
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13.6 LDO_SNVS (Always-On LDO)

Table 105. LDO_SNVS (Always-On LDO)
Unless otherwise specified:
e WLCSP — VSYS =38V, VINB12=VINB34 = 3.8V, VLDO_SNVS = 1.8 V, Tamb =— 40 °C ~ +85 °C

* QFN— VSYS =38V, VINB12 =VINB34 =38V, VINL1 = VINL2 = 3.8 V, VLDO_SNVS = 1.8 V, Tamb =— 40 °C to +105 °C

Symbol Parameter Conditions Min Typ Max Unit
VN Input voltage range VSYS pin 2.5 - 5.5 \
la Quiescent current Regulator enabled, No load 0.4 0.7 uA
IOUT_MA)( Maximum output DC |V posnvs = 1.8V 10 - - mA
current
lumir Short current limit Output shorted to GND 20 - mA
VDO Dropout voltage IOUT = IOUTﬁMAX’ VSYS =32V, VLDOSNVS =33V - 25 50 mV
Viposnvs Nominal output 1’c Programmable, 25 mV step QFN 1.2 - 34 \%
voltage
WLCSP 0.8 - 3
Default voltage - - 1.8 - \Y
DC accuracy Viposnvs = 1.8 V, I oaqg = S5MA -3 - 3 %
VNoISE Output noise f=10 Hz to 10 kHz, loyt = 10 % of - 450 - uv
IMAX, VLDOSNVS = 1.8V
AVOUT(AVINLiDC) DC Line regulation Vi posnvs 0.3V <Vgyg <55V, - 0.2 - %IV
I0UT =10 % of IOUT_MAX
AVOUT(AIOUT_DC) DC Load regulation Vsys = Viposnvs +0.3Vto 55V, - 0.25 - %
0 mA < IOUT < IOUT_MAX
AVOUT(AVINLiAC) Transient Line Viposnvs 0.3V <Vgygs <55V, - 0.5 - %IV
Response lout =10 % of lout_max
AVOUT(AIOUT_AC) Transient Load Vsys = Viposnvs ¥0.3 V10 5.5V, 1 mA <lgyt < lOUT_MAX, tr=10 ps, -1 - 1 %
Response Viposnvs = 1.8V, Tamp=25 °C
PSRR Power Supply f=10 Hz to 10 kHz, loyt = 10 % of - 50 - dB
Rejection ratio louT MAX
Vsoft_strup Soft-start slew rate loutr =0 mA, 10 % to 90 % of - 6.0 - mV/us
Viposnvs
Vov_srtup Overshoot at startup | loyt = 0 mA - - 10 mV
ten Enable time EN rising to 90 % of output voltage - 700 1500 us
LDO_POK Output power good Percentage of V| posnys configuration 86 90 94 %
tPoK_Deb POK debounce time |POK falling - 300 - us
Rpis Active discharge - 50 100 150 Q
resistance
Cout Output capacitance Minimum nominal capacitance 2.2 - - uF
13.7 LDO1
Table 106. LDO1
Unless otherwise specified:
* WLCSP —-VSYS=3.8V, VINB12 = VINB34 = 3.8 V, Tamb =— 40 °C ~ +85 °C
* QFN— VSYS =38V, VINB12 = VINB34 = 3.8V, VINL1 = VINL2 = 3.8V, Tamb =— 40 °C to +105 °C
Symbol Parameter Conditions Min Typ Max Unit
VN Input voltage range | INL1 pin 2.5 - 5.5 \%
la Quiescent current Regulator enabled, No load QFN - 0.4 0.9 uA
WLCSP - 0.4 0.7
IOUTﬁMAX Maximum output DC |V po1=3.3V 250 - - mA
current
lumir Short current limit Output shorted to GND 260 - - mA
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Table 106. LDO1...continued
Unless otherwise specified:

* WLCSP—VSYS=38V, VINB12=VINB34=3.8V, Tamb =—40 °C ~ +85 °C

* QFN— VSYS =38V, VINB12 = VINB34 = 3.8V, VINL1 = VINL2 = 3.8 V, Tamb =— 40 °C to +105 °C

Power management IC for i.MX 91 and I.MX 93

Symbol Parameter Conditions Min Typ Max Unit
Vbo Dropout voltage IOUT = IOUT_MAX, VINL1=3.2V, |QFN - 80 120 mV
L1_OUT =33V
WCSP - 60 100
Vipo1 Nominal output 1’c Programmable, 25 mV/step 0.8 3.3 \%
voltage
Default voltage SD_VSEL = Low QFN - 3.3 - \%
WLCSP - 0.8 -
SD_VSEL = High QFN - 1.8 -
WLCSP - 0.8 -
DC accuracy Vipo1 =3.3V, I oag =5 MA -2 2 %
VNoISE Output noise f=10Hz to 10 kHz, loyt = 10 % of 150 pv
IMAX, VLDO1=3.3V
AVOUT(AVINL_DC) DC Line regulation Vipot t0.3V <Vin1 <55V, loyT = 0.15 %IV
10 % of IOUT_MAX
AVOUT(AIOUTiDC) DC Load regulation VINL1 = VLDO1 +0.3Vto 5.5V, 0.1 QFN 0.4 %
mA
<|OUT < IOUT_MAX, V| po1 =3.3 wisce 015
\Y
AVOUT(AVINL_AC) Transient Line Vipot1 t0.3V <Vin1 <55V, loyt = 0.5 %IV
Response 10 % of lout_max, tr =10 ps
AVOUT(AIOUTiAC) Transient Load VINL = Vipot1 0.3V 10 5.5V, 1 mA < |OUT < IOUT_MAX, tr =10 ps, -3 3 %
Response VLDO1 =
3.3V
PSRR Power Supply f=10 Hz to 10 kHz, Ioyt = 10 % of 50 dB
Rejection ratio IOUT_MAX
Vsoft_strup Soft-start slew rate lout =0 mA, 10 % to 90 % of V| po1 6.0 mV/us
Vov_sttup Overshoot at startup | loyt =0 mA 20 mV
ten Enable time EN rising to 90 % of output voltage, V| po1 = 3.3V 500 1800 us
LDO_POK Output power good Percentage of V| pp1 configuration 86 90 94 %
tPOK_Deb POK debounce time |POK falling 300 us
Rpis Active discharge 100 200 Q
resistance
Cout Output capacitance | Minimum nominal capacitance 4.7 uF
Table 107. LDO2 (only for QFN package)
Unless otherwise speciﬁed, VSYS =338V, VINB12 = V/N534 =38V, VINL1 = V[NL2 =38V, Tamb= —40 °C to +105 °C
Symbol Parameter Conditions Min Typ Max Unit
VN Input voltage range INL2 pin, VSYS > V| pop + 1.5V Vipoz2 *+ Vpo |- 5.5 \%
la Quiescent current Regulator enabled, No load - 0.5 1.0 HA
Maximum output DC -
lout_max current P ViNL2 > Vipoz + 0.2V, Vipo2 = 0.8V 200 mA
lumir Short current limit Output shorted to GND 260 - mA
IOUT = IOUT_MAX, V|N|_2 =18V, L2_OUT =195V, |-
Vpo Dropout voltage VSYS > Vipop + 1.5V 120 195 mV
Nominal output voltage 1’c Programmable, 25 mV/step 0.5 - 1.95
Vipo2
Default voltage - - 0.8
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Table 107. LDO2 (only for QFN package)...continued
Unless otherwise specified, VSYS =338V, VINB12 = VINB34 =38V, VINL1 = V[NL2 =38V, Tamb= —40 °C to +105 °C

Symbol Parameter Conditions Min Typ Max Unit
DC accuracy Vipo2 = 0.8V, I gag = 5MA -2 - 2 %
= = 0, = - -
VNOISE Output noise I) 81\5)HZ to 10kHz, loyT = 10% of IMAX, Vipoz 66 pv
+ < < - -
AVouTaviNL D) DC line regulation Vipoz * 0.3V < Vi <55V, 0.01 %IV
- lout = 10% of loyt_max
. ViNL2 = Vipo2 #+ 0.3V 10 5.5V, - - o
AVOUT(AIOUT_DC) DC load regulatlon 0.1 mA < |0UT < |0UT_MA)(,V|_D02 =08V 1.2 %
. . VLD02 +03V<Vpn2<55V, - - o
AVouT(aviNL_AC) Transient line response lour = 10% of lou wax tr = 10us 3 %N
. ViNL2 = Vipo2 #+ 0.3V 10 5.5V, - o
AVouT(alouT Ac) Transient load response 1mA < lour < lout wax, tr = 10s, Viooz = 0.8 V 3.5 5 %
PSRR Power supply rejection ratio |f=10Hz to 10kHz, loyt = 10% of lout max - 55 - dB
Vsoft_strup Soft-start slew rate lout = OmA, 10% to 90% of V| po2 - 4 - mV/us
Vov_srtup Overshoot at startup lout = OmA - - 20 mV
isi 9 = -
fen Enable time gl; (l/smg to 90% of output voltage at V| po2 200 250 us
LDO2_POK Output power good Delta from V| poy Target 87 90 93 %
tPoK_Deb POK debounce time POK falling - 300 - us
Rpis Active discharge resistance |- - 100 180 Q
Cout Output capacitance Minimum nominal capacitance 2.2 - 10 uF
13.9 LSW (load switch)
Table 108. LSW (load switch)
Unless otherwise specified:
e WLCSP —VSYS =38V, VINB12 = VINB34 = 3.8 V, VLSWIN = 3.3 V, Tamb = — 40 °C ~ +85 °C
e QFN— VSYS =38V, VINB12 = VINB34 = 3.8 V, VINL1 = VINL2 = 3.8 V, VLSWIN = 3.3 V, Tamb =— 40 °C to +105 °C
Symbol Parameter Conditions Min Typ Max Unit
ViswiN Input voltage range LSWIN pin QFN 1.8 - VSYS \%
WLCSP 1.2 - 5.5
la Quiescent current Switch enabled, No load, V swin = |QFN - 5 8 A
3.3V
Enabled, No load, VLSWIN=1.8V | WLCSP - 0.5 50 nA
ISHDN Shutdown current Viswin =33V QFN - 50 5000 nA
WLCSP - 5 700 nA
loc Overcurrent threshold - QFN - 700 - mA
Short circuit current - QFN - -
lsc threshold S A
Rpson Switch ON resistance Viswin =18V, I oap = 150 mA QFN - 210 280 mQ
WLCSP - 150 220 mQ
ten Enable time Time to LSWOUT 10 % from EN, QFN - 30 50 us
Viswin = 3.3V, Crsw = 10uF
Time to LSWOUT 10 % from EN, WLSCP - 70 110 Us
VLSWIN = 1.8V
ton Output rise time Crsw =10 pF, Viswin =3.3 V, QFN - 50 100 us
LSWOUT 10 % to 90 %, no load
CLSW =10 pF, VLSWIN =3.3 V, WLSCP - 150 300 Us
LSWOUT 10 % to 90 %, no load
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Table 108. LSW (load switch)...continued

Unless otherwise specified:

e WLCSP —VSYS =38V, VINB12=VINB34 =38V, VLSWIN = 3.3V, Tamb = - 40 °C ~ +85 °C

* QFN — VSYS =38V, VINB12=VINB34 =38V, VINL1 = VINL2 = 3.8V, VLSWIN = 3.3 V, Tamb =— 40 °C to +105 °C

Symbol Parameter Conditions Min Typ Max Unit
Rpis Active discharge Load switch is off - - 95 150 Q
resistance
2~ - R
13.10 I°C interface and logic I/O
Table 109. I°C interface and logic I/0
Unless otherwise specified:
* WLCSP — VSYS =38V, VINB12 = VINB34 = 3.8 V, VLSWIN = 3.3 V, Tamb =—- 40 °C ~ +85 °C
* QFN — VSYS =38V, VINB12 = VINB34 = 3.8 V, VINL1 = VINL2 = 3.8 V, VLSWIN = 3.3 V, Tamb =— 40 °C to +105 °C
Symbol Parameter Conditions Min Typ Max Unit
SCL, SDA
fioc I2C Clock frequency - - - 1 MHz
Viy High-level Input voltage SCL, SDA; Vsys =3.0Vto 55V 1.2 - - \%
Vi Low-level Input voltage SCL, SDA; Vsys=3.0Vto 55V - - 0.4 \%
Vhys Hysteresis of Schmitt trigger - 0.01 - -
inputs
VoL Low-level output voltage SDA, lipag =20 mA, VSYS =3.0 V 0 - 0.4 \%
to 5.5V
tHp,sTA Hold time (repeated) START Fast mode plus; After this period, the first 0.26 - - us
condition clock pulse is generated
tLow LOW period of 1’C clock Fast mode plus 0.5 - - us
tHicH HIGH period of 12C clock Fast mode plus 0.26 - - us
tsu,sTA Setup time (repeated) START Fast mode plus 0.26 - - us
condition
tHD,DAT Data hold time Fast mode plus 0 - - us
tsu,paT Data setup time Fast mode plus 50 - - ns
tr Rise time of 12C_SCL and Fast mode plus - - 120 ns
12C_SDA signals
t Fall time of 12C_SCL and Fast mode plus - - 120 ns
12C_SDA signals
tsu,sTO Setup time for STOP condition Fast mode plus 0.26 - - us
tsuF Bus free time between STOP Fast mode plus 0.5 - - us
and START
condition
tvp,DAT Data valid time Fast mode plus - - 0.45 us
tvp,ack Data valid acknowledge time Fast mode plus - - 0.45 us
tsp Pulse width of spikes that must |- 0 - 50 ns
be suppressed by input filter
13.11 32.768 kHz crystal driver
Table 110. 32.768 kHz crystal driver
Unless otherwise specified:
* WLCSP — VSYS =38V, VINB12 = VINB34 = 3.8 V, VLSWIN = 3.3 V, Tamb = - 40 °C ~ +85 °C
e QFN—-VSYS=3.8YV, VINB12 = VINB34=3.8V, VINL1 = VINL2 = 3.8V, VLSWIN = 3.3V, Tamb =— 40 °C to +105 °C
Symbol Parameter Conditions Min Typ Max Unit
fok Clock frequency External 32.768 kHz crystal oscillator - 32.768 - kHz
t3ok_STABLE Oscillator stabilization time - - 1000 - ms
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Table 110. 32.768 kHz crystal driver...continued
Unless otherwise specified:
e WLCSP — VSYS =38V, VINB12=VINB34 =3.8V, VLSWIN = 3.3 V, Tamb =— 40 °C ~ +85 °C
* QFN —-VSYS =38V, VINB12=VINB34 =3.8 V, VINL1 = VINL2 = 3.8 V, VLSWIN = 3.3 V, Tamb =— 40 °C to +105 °C

Power management IC for i.MX 91 and I.MX 93

Symbol Parameter Conditions Min Typ Max Unit
Duty Output duty cycle - 30 50 70 %
VoL Output low level Vipo_snvs = 1.8V, lgL = 1 mA - - 0.4 \%
Von Output high level Vipo snvs = 1.8V, loy =1 mA 1.6 - - \Y

14 PF9453 OTP version

The PF9453 can be configured to each regulator default voltage and start-up sequence from the internal OTP
configuration. Table 111 shows each OTP configuration for all devices.

Table 111. PF9453 OTP configuration

Functional Block

Register

Feature

MPF9453AVMXXHN

MPF9453ACMXXUKR2

BUCK1

0x10 (BUCK1CTRL)

Buck1 enable mode

ON at RUN State (default)

ON at RUN State (default)

0x10 (BUCK1CTRL)

Forced PWM mode

Automatic PFM and PWM mode
transition (default)

Automatic PFM and PWM mode
transition (default)

0x10 (BUCK1CTRL)

Buck1 Active discharge

Enable Active discharge resistor
when regulator is OFF(default)

Enable Active discharge resistor
when regulator is OFF(default)

0x11 (BUCK10UT)

BUCK1 Output voltage

1.1

1.1

0x3D (BUCK_POK_F_
CFG)

BUCK1 POK falling
threshold

75% of output voltage (default)

NA

Internal OTP register bits

BUCK1 Sequence

T4 (Default)

T4 (Default)

PF9453

BUCK2 0x14 (BUCK2CTRL) Buck2 enable mode ON at RUN State (default) ON at RUN State (default)
0x14 (BUCK2CTRL) Forced PWM mode Automatic PFM and PWM mode Automatic PFM and PWM mode
transition (default) transition (default)
0x14 (BUCK2CTRL) Buck2 Active discharge Enable Active discharge resistor Enable Active discharge resistor
when regulator is OFF(default) when regulator is OFF(default)
0x14 (BUCK2CTRL) BUCK2 DVS speed 25 mV / 2 ps (default) 25 mV /2 ps (default)
0x15 (BUCK20UT) BUCK2 Output voltage 0.85 0.85
0x1F (BUCK20OUT_MAX_ | BUCK2 output voltage 0.9 (0.95 for PPF9453AVMA2HN) 0.9
LIMIT) maximum limit
0x20 (BUCK20OUT_MIN_ BUCK2 output voltage 0.6125 0.6125
LIMIT) minimum limit
0x3D (BUCK_POK_F_ BUCK2 POK falling 75% of output voltage (default) NA
CFG) threshold
Internal OTP register bits BUCK2 Sequence T1 (Default) T1 (Default)
BUCK3 0x21 (BUCK3CTRL) BUCKS3 enable mode ON at RUN State (default) ON at RUN State (default)
0x21 (BUCK3CTRL) Forced PWM mode Automatic PFM and PWM mode Automatic PFM and PWM mode
transition (default) transition (default)
0x21 (BUCK3CTRL) BUCKS3 Active discharge Enable Active discharge resistor Enable Active discharge resistor
when regulator is OFF(default) when regulator is OFF(default)
0x22 (BUCK30UT) BUCKS3 Output voltage 1.8 1.8
0x3D (BUCK_POK_F_ BUCKS3 POK falling 75% of output voltage (default) NA
CFG) threshold
Internal OTP register bits BUCKS3 Sequence T3 (Default) T3 (Default)
BUCK4 0x2E (BUCK4CTRL) BUCK4 enable mode ON at RUN State (default) ON at RUN State (default)

0x2E (BUCK4CTRL)

Forced PWM mode

Automatic PFM and PWM mode
transition (default)

Automatic PFM and PWM mode
transition (default)

0x2E (BUCK4CTRL)

Bucké4 Active discharge

Enable Active discharge resistor
when regulator is OFF(default)

Enable Active discharge resistor
when regulator is OFF(default)
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Table 111. PF9453 OTP configuration...continued

Power management IC for i.MX 91 and I.MX 93

Functional Block |Register Feature MPF9453AVMXXHN MPF9453ACMXXUKR2
0x2F (BUCK40UT) BUCK4 Output voltage 3.3 3.3
0x3D (BUCK_POK_F_ BUCK4 POK falling 75% of output voltage (default) NA
CFG) threshold
Internal OTP register bits BUCK4 Sequence T5 (Default) T5 (Default)
LDO1 0x36 (LDO1_OUT_L) LDO1 output voltage when |3.3 0.8
SD_VSEL pin = Low
0x37 (LDO1_CFG) LDO1 Enable mode ON at RUN State (default) ON at RUN State (default)
0x37 (LDO1_CFG) LDO1 Active discharge Enable Active discharge resistor Enable Active discharge resistor
control during OFF when regulator is OFF(default) when regulator is OFF(default)
0x37 (LDO1_CFG) LDO1 Active discharge Enable Active discharge resistor for | Enable Active discharge resistor for
control during ON 2ms during LDO1 transition only from | 2ms during LDO1 transition only from
3.3V to 1.8V by toggling SD_VSEL 3.3V to 1.8V by toggling SD_VSEL
pin (default) pin (default)
0x38 (LDO1_OUT_H) LDO1 Output voltage when | 1.8 0.8
SD_VSEL pin = High
Internal OTP register bits LDO1 sequence T6 (Default) T2 (Default)
LDO_SNVS 0x39 (LDOSNVS_CFG1) LDO_SNVS output voltage |1.8 1.8
0x39 (LDOSNVS_CFG1) SNVS LDO Active Enable Active discharge resistor Enable Active discharge resistor
discharge enable when regulator is OFF (default) when regulator is OFF (default)
LDO2 0x3B (LDO2_CFG) LDO2 Enable mode ON at RUN State (default) NA
0x3B (LDO2_CFG) Total Output capacitor Auto Cout detection (default) NA
selection
0x3B (LDO2_CFG) Output trace resistance 15 mohm (default) NA
compensation
0x3B (LDO2_CFG) LDO2 Active discharge Enable Active discharge resistor NA
enable when regulator is OFF (default)
0x3C (LDO2_0OUT) LDO2 output voltage 0.8 NA
0x3C (LDO2_0OUT) INL2 voltage selection, (VSYS - VINL2) > 0.7V (default) NA
effective only when L2_
INL2_MDET = 1b
0x3C (LDO2_0OUT) Manual detection for INL2 | Auto detection (default) NA
supply
Internal OTP register bits LDO2 Sequence T2 (Default) NA
Load Switch 0x40 (LSW_CTRL1) Load SW Enable mode Enabled by LSW_EN pin (default) Enabled by LSW_EN pin (default)

0x40 (LSW_CTRL1)

Load SW active discharge

Enabled when Load SW1 is off
(default)

Enabled when Load SW1 is off
(default)

Internal OTP register bits

LoadSwitch Sequence

T5 (Default)

T5 (Default)

PWR_SEQ_CTRL

0x0A (PWR_SEQ_CTRL)

Time step configuration
during power down
sequence

8 ms (default)

8 ms (default)

0X0A (PWR_SEQ_CTRL)

Time step configuration
during power on sequence

2 ms (default)

2 ms (default)

0xO0A (PWR_SEQ_CTRL) |Debounce time for PMIC_ |20 ms (default) NA
RST_B pin for falling edge.
0x0A (PWR_SEQ_CTRL) |Configure PMIC_RST_B Mask (default) NA

pin as Power ON source

PF9453

during Cold reset

SYS_CFG2 0x0C (SYS_CFG2) VSYS UVLO threshold, 2.85V (default) 2.85 V (default)
rising threshold
0x0C (SYS_CFG2) POK reference during POK is reference to turn on next POK is reference to turn on next
power up power group (default) power group (default)
0x0C (SYS_CFG2) ONKEY timer configuration |2 sec (default) NA
after PMIC_RST_B pin falls
low
RESET_CTRL 0x08 (RESET_CTRL) Time to stay regulators off | 250 ms (default) 250 ms (default)
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Table 111. PF9453 OTP configuration...continued

Functional Block |Register Feature MPF9453AVMXXHN MPF9453ACMXXUKR2
0x08 (RESET_CTRL) When PMIC_RST B is Cold Reset, all voltage regulators are | NA
asserted to low, PMIC reset |recycled (default)
behavior
0x08 (RESET_CTRL) When WDOG_B is WDOG_B reset is disabled (default) |WDOG_B reset is disabled (default)
asserted to low, PMIC reset
behavior

PF9453
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15 Package outline

15.1 Package outline for QFN
The PF9453 QFN uses a 40-pin QFN 5.0 mm x 5.0 mm with exposed pad, case number 98ASA02134D.
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Figure 25. Package outline SOT2231-1 (HVQFN40)
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Figure 26. Package outline SOT2231-1 (HVQFN40) detail E
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THIS SHEET SERVES ONLY AS A GUIDELINE TO HELP DEVELOP A USER SPECIFIC SOLUTION.
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Figure 27. SOT2231-1 solder mask opening pattern
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Figure 28. SOT2231-1 1/0 pads and solderable area
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Figure 29. SOT2231-1 solder paste stencil
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H—PQFN—4OIéO S0T2231-1
5 X 5 X 0.9 PKG, 0.4 PITCH
NOTES:
1. ALL DIMENSIONS ARE IN MILLIMETERS.
2. DIMENSIONING AND TOLERANCING PER ASME Y14.5M—1994.
APIN 1 FEATURE SHAPE, SIZE AND LOCATION MAY VARY.
COPLANARITY APPLIES TO LEADS AND DIE ATTACH PAD.
5. MIN. METAL GAP FOR LEAD TO EXPOSED PAD SHALL BE 0.25 MM.
ANCHORING PADS.
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Figure 30. SOT2231-1 notes
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15.2 Package outline for WLCSP

The PF9453 WLCSP uses a 36 bumps Wafer level chip scale 2.46 mm x 2.46 mm with 0.4 mm pitch, case
number 98ASA02052D.
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Figure 31. Package outline WLCSP36
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Figure 32. SOT1780-14 solder mask opening pattern
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Figure 34. Package outline WLCSP36
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WLCSP-36 1/0

2.46 X 2.46" X 0.525 PKG, 0.4 PITCH (BACKSIDE COATING INCLUDED)

NOTES:

1. ALL DIMENSIONS IN MILLIMETERS.

2. DIMENSIONING AND TOLERANCING PER ASME Y14.5M—1994.

A PIN A1 FEATURE SHAPE, SIZE AND LOCATION MAY VARY.

MAXIMUM SOLDER BALL DIAMETER MEASURED PARALLEL TO DATUM C.

SOT1780-14

A DATUM C, THE SEATING PLANE, IS DETERMINED BY THE SPHERICAL CROWNS OF THE SOLDER BALLS.

6. THIS PACKAGE HAS A BACK SIDE COATING THICKNESS OF 0.025.
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16 Revision history

Table 112. Revision history

Document ID Release date Description

PF9453 v.2.0 26 November 2025 |Updates:

 Table 19: Updated "0011 — PF9453 WLCSP (default)".
» Table 78: Table added

» Table 97: Updated QFN and WLSCP conditions
» Table 98: Updated QFN and WLSCP conditions
* Table 99: Updated QFN and WLSCP conditions
* Table 100: Updated QFN and WLSCP conditions
* Table 101: Updated QFN and WLSCP conditions
» Table 102: Updated QFN and WLSCP conditions
* Table 103: Updated QFN and WLSCP conditions
* Table 104: Updated QFN and WLSCP conditions
* Table 106: Updated QFN and WLSCP conditions
» Table 108: Updated QFN and WLSCP conditions
» Section 15: Updated package outline of WLSCP

PF9453 v.1.0 25 June 2025 Initial version
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Data sheet status

[1112]

Document status Product status Definition

Objective [short] data sheet Development This document contains data from the objective specification for product
development.

Preliminary [short] data sheet Qualification This document contains data from the preliminary specification.

Product [short] data sheet Production This document contains the product specification.

[1]1  Please consult the most recently issued document before initiating or completing a design.

[2] The term 'short data sheet' is explained in section "Definitions".

[3] The product status of device(s) described in this document may have changed since this document was published and may differ in case of multiple
devices. The latest product status information is available on the Internet at URL https://www.nxp.com.

Definitions

Draft — A draft status on a document indicates that the content is still
under internal review and subject to formal approval, which may result
in modifications or additions. NXP Semiconductors does not give any
representations or warranties as to the accuracy or completeness of
information included in a draft version of a document and shall have no
liability for the consequences of use of such information.

Short data sheet — A short data sheet is an extract from a full data sheet
with the same product type number(s) and title. A short data sheet is
intended for quick reference only and should not be relied upon to contain
detailed and full information. For detailed and full information see the
relevant full data sheet, which is available on request via the local NXP
Semiconductors sales office. In case of any inconsistency or conflict with the
short data sheet, the full data sheet shall prevail.

Product specification — The information and data provided in a Product
data sheet shall define the specification of the product as agreed between
NXP Semiconductors and its customer, unless NXP Semiconductors and
customer have explicitly agreed otherwise in writing. In no event however,
shall an agreement be valid in which the NXP Semiconductors product

is deemed to offer functions and qualities beyond those described in the
Product data sheet.

Disclaimers

Limited warranty and liability — Information in this document is believed
to be accurate and reliable. However, NXP Semiconductors does not give
any representations or warranties, 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. NXP Semiconductors takes no
responsibility for the content in this document if provided by an information
source outside of NXP Semiconductors.

In no event shall NXP Semiconductors be liable for any indirect, incidental,
punitive, special or consequential damages (including - without limitation -
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 (including negligence), warranty, breach of
contract or any other legal theory.

Notwithstanding any damages that customer might incur for any reason
whatsoever, NXP Semiconductors’ aggregate and cumulative liability
towards customer for the products described herein shall be limited in
accordance with the Terms and conditions of commercial sale of NXP
Semiconductors.

Right to make changes — NXP Semiconductors reserves the right to

make changes to information published in this document, including without
limitation specifications and product descriptions, at any time and without
notice. This document supersedes and replaces all information supplied prior
to the publication hereof.

PF9453

All information provided in this document is subject to legal disclaimers.

Suitability for use — NXP Semiconductors 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 an NXP Semiconductors product can reasonably be expected
to result in personal injury, death or severe property or environmental
damage. NXP Semiconductors and its suppliers accept no liability for
inclusion and/or use of NXP Semiconductors products in such equipment or
applications and therefore such inclusion and/or use is at the customer’s own
risk.

Applications — Applications that are described herein for any of these
products are for illustrative purposes only. NXP Semiconductors makes no
representation or warranty that such applications will be suitable for the
specified use without further testing or modification.

Customers are responsible for the design and operation of their
applications and products using NXP Semiconductors products, and NXP
Semiconductors accepts no liability for any assistance with applications or
customer product design. It is customer’s sole responsibility to determine
whether the NXP Semiconductors product is suitable and fit for the
customer’s applications and products planned, as well as for the planned
application and use of customer’s third party customer(s). Customers should
provide appropriate design and operating safeguards to minimize the risks
associated with their applications and products.
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