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1 General description

The PF1510 is a power management integrated circuit (PMIC) designed specifically for
use with i.MX processors on low-power portable, smart wearable and Internet-of-Things
(loT) applications. It is also capable of providing full power solution to i.MX 7ULP, i.MX
6SL, 6UL, 6ULL and 6SX processors.

With three high efficiency buck converters, three linear regulators, DDR reference and
RTC supply, the PF1510 can provide power for a complete system, including application
processors, memory, and system peripherals.

1.1 Features and benefits

This section summarizes the PF1510 features:

* Input voltage VIN from 5V bus, USB, or AC adapter (4.1 V t0 6.0 V)
— Linear front-end input LDO (1500 mA input limit)
— Up to 6.5 V input operating range
— VIN can withstand transient and DC inputs from 0 V up to +22 V
* Buck converters:
- SW1,1.0A; 0.6 Vto 1.3875Vin 12.5 mV steps, or 1.1 V to 3.3 V in variable steps
- SW2,1.0A; 0.6 Vto 1.3875Vin 12.5 mV steps, or 1.1 V to 3.3 V in variable steps
—SW3,1.0A; 1.8V t0 3.3Vin 100 mV steps
— Internal digital soft start
— Quiescent current 1.0 pA in ULP mode with light load
— Peak efficiency > 90 %
— Dynamic voltage scaling on SW1 and SW2
— Modes: forced PWM quasi-fixed frequency mode, adaptive variable-frequency mode
— Programmable output voltage, current limit and soft start
¢ LDO regulators
- LDO1, 0.75to 1.5 V/1.8 to 3.3 V, 300 mA with load switch mode
- LD02, 1.8t0 3.3V, 400 mA
- LDO3, 0.75t0 1.5 V/1.8 to 3.3 V, 300 mA with load switch mode
— Quiescent current < 1.5 pA in Low-power mode
— Programmable output voltage
— Soft start and ramp
— Current limit protection
— USB_PHY low dropout linear regulator
— LDO2P7 always on regulator output
* LDO/switch supply
— RTC supply VSNVS 3.0V, 2.0 mA
— Coin cell charger
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¢ DDR memory reference voltage, VREFDDR, 0.5 t0 0.9 V, 10 mA

OTP (One time programmable) memory for device configuration

— User programmable start-up sequence, timing, soft-start and power-down sequence
— Programmable regulator output voltages

I°C interface

* User programmable Standby, Sleep/Low-power, and Off (REGS_DISABLE) modes
Ambient temperature range -40 °C to 105 °C

1.2 Applications

* Low-power loT applications

* Wireless game controllers
Embedded monitoring systems
* Home automation

* POS

* E-Reader

e Smart mobile/wearable devices

PF1510 All information provided in this document is subject to legal disclaimers. © NXP B.V. 2021. All rights reserved.

Product data sheet Rev. 4 — 5 March 2021

2/108



NXP Semiconductors

PF1510

Power management integrated circuit (PMIC) for low power application processors

2 Application diagram
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Figure 1. Application diagram
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2.1 Functional block diagram

PF1510 FUNCTIONAL BLOCK DIAGRAM
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Figure 2. Functional block diagram
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2.2 Internal block diagram
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Figure 3.

Internal block diagram

3 Orderable parts

PF1510

The PF1510 is available only with preprogrammed configurations. These preprogrammed
devices are identified using the program codes from Table 1, which also list the
associated NXP reference designs where applicable. Details of the OTP programming for
each device can be found in Table 53.
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Table 1. Orderable part variations

Part number!"

Temperature (Ta)

Package

Programming options

MC32PF1510A0EP

MC32PF1510A1EP

MC32PF1510A2EP

MC32PF1510A3EP

MC32PF1510A4EP

MC32PF1510A5EP

MC32PF1510A6EP

MC32PF1510A7EP

-40 °C to 85 °C (for use
in consumer applications)

MC34PF1510A0EP

MC34PF1510A1EP

MC34PF1510A2EP

MC34PF1510A3EP

MC34PF1510A4EP

MC34PF1510A5EP

MC34PF1510A6EP

MC34PF1510A7EP

-40 °C to 105 °C (for use
in industrial applications)

98ASA00913D, 40-pin QFN

5.0 mm x 5.0 mm with exposed pad

0 - not programmed

1 (Default)

2 (i.MX 7ULP with LPDDR3) %

3 (i.MX 6UL with DDR3L)

4 (i.MX 7ULP with LPDDR3)

5 (i.MX 6UL with DDR3)

6 (i.MX 6ULL with DDR3L)

7 (i.MX 6UL with LPDDR2)

0 - not programmed

1 (Default)

2 (i.MX 7ULP with LPDDR3) %

3 (i.MX 6UL with DDRS3L)

4 (i.MX 7ULP with LPDDR3)

5 (i.MX 6UL with DDR3)

6 (i.MX 6ULL with DDR3L)

7 (i.MX 6UL with LPDDR2)

[1]1 For tape and reel, add an R2 suffix to the part number.

[2]  Forinternal validation only

PF1510
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4 Pinning information

PF1510

4.1 Pinning
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Figure 4. Pinout diagram

Transparent top view

PF1510

EE g -

2 @ o > > o u

535522225 °%

EREEEEEEEE
(1] (30]
2] [29]
3] (28]
(4] [27]
5 ] EPAD [26]
(6] @ (5]
(7] [24]
BN (23]
9 ] [22]
10 ] (21

[FL =] [2] =] [2] [£] [5] ] [o] ]

~| |~ |~ |=| [=| |=| [=] [~ |+] [N

Z 9 X Z o m Z X o Z

» Q @35 L5389 T

oomgmmgmgo

83355353 b5 s 9

> >

VSNVS
VLDO1
VLDO1IN
SW1FB
SW1IN
SW1LX
VCORE
VDIG
VINREFDDR
VREFDDR

aaa-028831

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

© NXP B.V. 2021. All rights reserved.

Product data sheet

Rev. 4 — 5 March 2021

7/108



NXP Semiconductors

PF1510

Power management integrated circuit (PMIC) for low power application processors

4.2 Pin definitions

Table 2. Pin description

Pin Block Pin name Recommended connection Recommended connection when not
number used
1 WDI Watchdog input from processor Connect to WDI signal from processor. | Connect via 100 kQ to regulator with
Pull up via 8 kQ - 100 kQ to VDDIO output voltage < 3.6 V
2 SDA C data line Pull-up to VDDIO Leave floating
3 SCL IC clock line Pull-up to VDDIO Leave floating
4 VDDIO Supply for 1C bus Connect to 1.7 to 3.6 V supply. Bypass | Leave floating
with 0.1 yF capacitor to ground
5 VDDOTP Supply to program OTP fuses Connect to ground for the fuse loading | N/A
6 PWRON Power On/Off from processor Connect to PMIC_ON_REQ from N/A
processor. Pull up via 8 kQ - 100 kQ to
VSNVS if required
7 STANDBY Standby input signal from processor Connect to PMIC_STBY_REQ signal Connect to ground
from processor
8 ONKEY ONKEY push button input Connect to push button and pull up via | Connect via 100 kQ to VSYS
8kQ - 100 kQ to VIN
9 INTB Open drain interrupt signal to processor | Pull-up via 68 kQ - 100 kQ to VSNVS or | Leave floating
other rail at voltage less than or equal to
VDDIO
10 RESETBMCU Open drain reset output to processor Pull-up via 68 kQ - 100 kQ to VSNVS or | Leave floating
other rail at voltage less than or equal to
VDDIO
1" VLDO3IN LDO3 regulator input Connect to VSYS and bypass with 1.0 | Connect to regulator with output voltage
mF capacitor to ground <45V
12 VLDO3 LDO3 regulator output Bypass with 4.7 uF capacitor to ground | Leave floating
13 SW3LX SW3 switching node Connect to SW3 inductor Leave floating
14 SW3IN Input to SW3 regulator Connect to VSYS and bypass with 0.1 Connect to VSYS
WF + 4.7 yF capacitors to ground
15 SW3FB Output voltage feedback for SW3 Connect to SW3 output voltage rail near | Leave floating
load
16 SW2FB Output voltage feedback for SW2 Connect to SW2 output voltage rail near | Leave floating
load
17 SW2IN Input to SW2 regulator Connect to VSYS and bypass with 0.1 Connect to VSYS
WUF + 4.7 yF capacitors to ground
18 SW2LX SW2 switching node Connect to SW2 inductor Leave floating
19 VLDO2 LDO2 regulator output Bypass with 10 pF capacitor to ground | Leave floating
20 VLDO2IN LDO2 regulator input Connect to VSYS and bypass with 1.0 | Connect to regulator with output voltage
mF capacitor to ground <45V
21 VREFDDR VREFDDR regulator output Bypass with 1.0 uF capacitor to ground | Leave floating
22 VINREFDDR VREFDDR regulator input Ensure there is at least 1.0 yF net Leave floating
capacitance from VINREFDDR to
ground
23 VDIG Digital core supply Bypass with 1.0 uF capacitor to ground | N/A
24 VCORE Analog core supply Bypass with 1.0 uF capacitor to ground | N/A
25 SW1LX SW1 switching node Connect to SW1 inductor Leave floating
26 SW1IN Input to SW1 regulator Connect to VSYS and bypass with 0.1 Connect to VSYS
WUF + 4.7 yF capacitors to ground
27 SW1FB Output voltage feedback for SW1 Connect to SW1 output voltage rail near | Leave floating
load
28 VLDO1IN LDO1 regulators input Connect to VSYS and bypass with 1.0 | Connect to regulator with output voltage
uF capacitor to ground <45V
29 VLDO1 LDO1 regulator output Bypass with 4.7 uF capacitor to ground | Leave floating

PF1510
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Table 2. Pin description...continued

Pin Block Pin name Recommended connection Recommended connection when not
number used
30 VSNVS VSNVS regulator/switch output Bypass with 0.47 pF capacitor to Bypass with 0.47 pF capacitor to
ground ground
31 LICELL Coin cell supply input/output Bypass with 0.1 uF capacitor. Connect | Bypass with 0.1 yF capacitor to ground
to optional coin cell.
32 GND Ground Connect to ground Connect to ground
33 NC
Not connected Not connected Leave floating
34 NC
35 VSYS Main input voltage to PMIC Bypass with 2x 22 pyF/10 V capacitors N/A
36 VSYS or a 47 yF/10 V capacitor to ground
37 VIN Main IC supply Connect to a valid 5.0 V input, bypass Leave floating
with a 2.2 yF/25 V capacitor to ground
38 LDO2P7 LDO2P7 regulator output Bypass with 2.2 yF capacitor to ground | Bypass with 2.2 yF capacitor to ground
mandatory mandatory
39 USBPHY USBPHY regulator output Bypass with 1.0 uF capacitor to ground | Leave floating
40 GND Ground Connect to ground Connect to ground
— EP Expose pad. Functions as ground return | Ground. Connect this pad to the inner N/A
for buck and boost regulators and external ground planes through
multiple vias to allow effective thermal
dissipation.
5 General product characteristics
5.1 Thermal characteristics
Table 3. Thermal ratings
Symbol Description (Rating) ‘Min ‘Max ‘Unit
THERMAL RATINGS
Ta Ambient operating temperature range (industrial) -40 105 °C
Ambient operating temperature range (consumer) -40 85
T, Operating junction temperature range M-40 125 °C
Tst Storage temperature range -65 150 °C
TpprT Peak package reflow temperature Ie — °C
QFN40 THERMAL RESISTANCE AND PACKAGE DISSIPATION RATINGS
Roya Junction to ambient thermal resistance, natural convection 4] {:} — °C/W
Four layer board (2s2p) 27
Six layer board (2s4p) 20.6
Eight layer board (2s6p) 17.8
Roeuma Junction to ambient (@200ft/min) “mer_ °C/W
Four layer board (2s2p) 21.4
Ros Junction to board i 8.8 °CIW
ReJyceotrom Junction to case bottom B _ 14 °C/W
Y+ Junction to package top — Natural convection D - 0.6 °C/W

[1]1 Do not operate beyond 125 °C for extended periods of time. Operation above 150 °C may cause permanent damage to the IC. See Thermal Protection
Thresholds for thermal protection features.

[2] Pin soldering temperature limit is for 10 seconds maximum duration. Not designed for immersion soldering. Exceeding these limits may cause a
malfunction or permanent damage to the device.
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[3] NXP's package reflow capability meets Pb-free requirements for JEDEC standard J-STD-020C. For peak package reflow temperature and moisture
sensitivity levels (MSL), go to http://www.nxp.com, search by part number [ remove prefixes/suffixes and enter the core ID to view all orderable parts (for
MC33xxxD enter 33xxx), and review parametrics.

[4]  Junction temperature is a function of die size, on-chip power dissipation, package thermal resistance, mounting site (board) temperature, ambient
temperature, air flow, power dissipation of other components on the board, and board thermal resistance.

[5] The Board uses the JEDEC specifications for thermal testing (and simulation) JESD51-7 and JESD51-5.

[6] Per JEDEC JESD51-6 with the board horizontal.

[71 Thermal resistance between the die and the printed circuit board per JEDEC JESD51-8. Board temperature is measured on the top surface of the board

near the package.

[8] Thermal resistance between the die and the case top surface as measured by the cold plate method (MIL SPEC-883 Method 1012.1).
[9]1 Thermal characterization parameter indicating the temperature difference between package top and the junction temperature per JEDEC JESD51-2.
When Greek letters are not available, the thermal characterization parameter is written as Psi-JT.

5.2 Absolute maximum ratings

Table 4. Maximum ratings

Symbol Description (Rating) ‘Min ‘Max ‘Unit
1/0s

VIN Main IC supply -0.3 24 \Y
VDDIO I/O supply voltage. Connect to voltage rail between 1.7 V and 3.3 V. -0.3 3.6 V
SCL SCL when used in 1°C mode. SCLK when used in SPI mode. -0.3 3.6 V
SDA SDA when used in 1°C mode. MISO when used in SPI mode. -0.3 3.6 V
RESETBMCU RESETBMCU open drain output -0.3 3.6 \
PWRON PWRON input -0.3 3.6 \Y
STANDBY STANDBY input -0.3 3.6 \Y
ONKEY ONKEY push button input -0.3 4.8 V
INTB INTB open-drain output -0.3 3.6 V
WDI Watchdog input from processor -0.3 3.6 V
VDDOTP

VDDOTP Connect to ground in the application ‘ -0.3 ‘ 10 ‘V
BUCK 1

SW1IN Buck 1 input supply -0.3 4.8 \%
SW1LX Buck 1 switching node -0.3 4.8 V
SW1FB Buck 1 feedback input -0.3 3.6 V
BUCK 2

SW2IN Buck 2 input supply -0.3 4.8 \%
SW2LX Buck 2 switching node -0.3 4.8 V
SW2FB Buck 2 output voltage feedback -0.3 3.6 \%
BUCK 3

SWaIN Buck 3 input supply -0.3 4.8 V
SW3LX Buck 3 switching node -0.3 4.8 V
SW3FB Buck 3 output voltage feedback -0.3 3.6 \%
LDO1

VLDO1IN LDO1 input supply -0.3 438 \Y
VLDO1 LDO1 output -0.3 3.6 \Y

PF1510
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Table 4. Maximum ratings...continued

Symbol Description (Rating) ‘Min ‘Max ‘Unit
LDO2
VLDO2IN LDO2 input supply -0.3 4.8 \%
VLDO2 LDO2 output -0.3 3.6 \
LDO3
VLDOS3IN LDO3 input supply -0.3 4.8 \%
VLDO3 LDO3 output -0.3 3.6 \
VSNVS
VSNVS VSNVS regulator output -0.3 3.6 \%
LICELL Coin cell input -0.3 3.6 \%
FRONT-END LDO
LDO2P7 LDO2P7 regulator output -0.3 3.6 \%
USBPHY USBPHY regulator output -0.3 55 \%
INPUT/OUTPUT SUPPLY
VINREFDDR VREFDDR input supply -0.3 3.6 \
VREFDDR VREFDDR output -0.3 3.6 \
IC CORE
VSYS Main input voltage to PMIC -0.3 4.8 \%
VDIG VDIG regulator output (used within PF1510) -0.3 1.65
VCORE VCORE regulator output (used within PF1510) -0.3 1.65 \Y,
ELECTRICAL RATINGS
ESD ratings
Vesp Human body model ) _— +2000 |V
Charge device model (corner pins) — +750
Charge device model (all other pins) — +500

[1]  Testing is performed in accordance with the human body model (HBM) (Czap = 100 pF, Rzap = 1500 Q), and the charge device model (CDM), Robotic

(CZAP =4.0 pF)
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5.3 Electrical characteristics

5.3.1 Electrical characteristics — Front-end LDO

All parameters are specified at Tpo = —40 to 105 °C, VIN = 5.0 V, VSYS = 3.7 V, typical
external component values, unless otherwise noted. Typical values are characterized at
VIN =5.0V, VSYS = 3.7 V and 25 °C, unless otherwise noted.

Table 5. Front-end LDO

Symbol Parameter Measurement condition ‘ Min ‘Typ ‘ Max ‘ Unit

FRONT-END LDO INPUT

VN VIN voltage range Operating voltage Vuvio |— Vovio |V

VIN_witHsTanD | VIN maximum withstand voltage rating — — 22 \%

VIN_ovLo VIN overvoltage threshold Rising 6.0 6.5 7.0 \%

VovLo_Hys VIN overvoltage threshold hysteresis |Falling 50 150 250 mV

tp-ovLo VIN overvoltage delay 5.0 10 15 V&

Vuvio VIN to GND minimum turn on VIN rising 3.8 4.0 4.2 \%
threshold accuracy

VUVLO-HYS VIN UVLO hysteresis 400 500 600 mV

ViN2sYs_50 VIN to VSYS minimum turn on VIN rising, 50 mV setting 20 50 80 mV
threshold accuracy

ViN2sYs_175 VIN to VSYS minimum turn on VIN rising, 175 mV setting 100 175 250 mV
threshold accuracy

Table 6. Input currents

Symbol Parameter Measurement condition ‘ Min ‘Typ ‘ Max ‘ Unit
VIN CURRENT LIMIT

ILIM4g VIN current limit (10 mA settings) 10 mA 6.0 8.5 11 mA
ILIM45 VIN current limit (15 mA settings) 15 mA 10.5 12.75 |16 mA
ILIMyg VIN current limit (20 mA settings) 20 mA 14 17 21 mA
ILIMos5 VIN current limit (25 mA settings) 25 mA 17.5 21.25 |26 mA
ILIM3q VIN current limit (30 mA setting) 30 mA 21 25.5 30 mA
ILIM35 VIN current limit (35 mA settings) 35 mA 245 29.75 |35 mA
ILIM4o VIN current limit (40 mA settings) 40 mA 28 34 40 mA
ILIMy5 VIN current limit (45 mA settings) 45 mA 31.5 38.25 |45 mA
ILIM5q VIN current limit (50 mA settings) 50 mA 35 42.5 50 mA
ILIM400 VIN current limit (100 mA settings) 100 mA 85 95 105 mA
ILIM450 VIN current limit (150 mA settings) 150 mA 125 137.5 |160 mA
ILIM2go VIN current limit (200 mA settings) 200 mA 170 190 210 mA
ILIM300 VIN current limit (300 mA setting) 300 mA 260 285 320 mA
ILIM400 VIN current limit (400 mA settings) 400 mA 345 380 425 mA
PF1510 Allinformation provided in this document is subject to legal disclaimers. © NXP B.V. 2021. All rights reserved.
Product data sheet Rev. 4 — 5 March 2021
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Table 6. Input currents...continued

Symbol Parameter Measurement condition Min Typ Max Unit
ILIMsgo VIN current limit (500 mA settings) 500 mA 430 475 530 mA
ILIMggo VIN current limit (600 mA settings) 600 mA 520 570 640 mA
ILIM7go VIN current limit (700 mA settings) 700 mA 610 665 750 mA
ILIMggo VIN current limit (800 mA settings) 800 mA 690 760 850 mA
ILIMggo VIN current limit (900 mA settings) 900 mA 780 855 950 mA
ILIM4000 VIN current limit (1000 mA settings) 1000 mA 855 950 1100 mA
ILIM4500 VIN current limit (1500 mA settings) 1500 mA 1260 1400 1700 |mA
Rinsp Input self discharge resistance 18 30 42 kQ
Table 7. Switch impedances and leakage currents
Symbol Parameter Measurement Condition Min Typ Max Unit
Rvinzsys VIN to VSYS resistance 100 250 550 mQ
Isys VSYS leakage current VSYS=0V 0 0.2 10 MA
Table 8. Watchdog timer
Symbol Parameter Measurement condition Min Typ Max Unit
twp Watchdog timer period — 80 — s
twpacc Watchdog timer accuracy -20 0 20 %
Table 9. Internal 2.7 V Regulator (LDO2P7)
Symbol Parameter Measurement condition Min Typ Max Unit
VGpRy Output voltage 26 27 2.8 \Y,
lebrv Output current 5.0 — — mA
Vbo(GbRv) Dropout voltage 0 — 800 mV
Table 10. USBPHY LDO
Symbol Parameter Measurement condition Min Typ Max Unit
VusB_PHY Output voltage lour=10mA;3.3Vand4.9 |-5.0 — 5.0 %
V settings. VIN =55V
lus_pHY Maximum output current 60 — — mA
USBRrpis Internal discharge resistance 500 1000 1500 |Q
USBcapsTa Output capacitor for stable operation |0 pA < lgyt <60 mA, MAX 0.7 1.0 2.2 MF
ESR =10 mQ
lauss Quiescent supply current — 35 — MA
USBPHY | preg |DC load regulation VIN=55V,30 yA<lpyr< |0 5.0 13 mV
60 mA

PF1510
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Table 10. USBPHY LDO...continued

Symbol Parameter Measurement condition Min Typ Max Unit
USBPHYpo Dropout voltage VIN=5.0V, Igyt =60 mA — 200 350 mV
USBPHYI_jm Output current limit 65 150 200 mA
PSRRysg pHy |[PSRR VIN=55V,Coyr=1.0uyF |55 60 75 dB

5.3.2 Electrical characteristics — SW1 and SW2

All parameters are specified at Tp = —40 to 105 °C, VSYS = Vgyxn = 2.5 t0 4.5V, Vg
=1.2V, Iswx = 200 mA, typical external component values, fgwy = 2.0 MHz, unless
otherwise noted. Typical values are characterized at VSYS = Vgyyn = 3.6 V, Vawx =
1.1V, Iswx = 100 mA, and 25 °C, unless otherwise noted.

Table 11. SW1 and SW2 electrical characteristics

Symbol

Parameter Min Typ Max Unit

VswxIN

Operating input voltage 25 — 4.5 \%

ISWx

Rated output current 1000 |— — mA

VSWX

Output voltage accuracy -15 — 15 mV
DVS enabled mode (OTP_SWx_DVS_SEL =0)

Normal power mode, 2.5V < Vgwun <4.5V, 0 <lIgnx <1.0 A
0.6V <=sVgus1.0V

VSWX

Output voltage accuracy -2.0 — 2.0 %
DVS enabled mode (OTP_SWx_DVS_SEL =0)

Normal power mode, 2.5V < Vgpuyun <4.5V, 0 <lgpx < 1.0A
1.0V <Vgux 13875V

VSWX

Output voltage accuracy -30 — 30 mV
DVS enabled mode (OTP_SWx_DVS_SEL =0)
Low-power mode, 2.5V < Vgpyun <4.5V,0<ISWx<0.1A
0.6V <=sVgu=s1.0V

VSWX

Output voltage accuracy -3.0 — 3.0 %
DVS enabled mode (OTP_SWx_DVS_SEL =0)
Low-power mode, 2.5V < Vgyun <4.5V, 0 <Igwx <0.1A
1.0V <Vgux 13875V

VSWX

Output voltage accuracy -45 — 45 mV
DVS disabled mode (OTP_SWx_DVS_SEL = 1)

Normal power mode, 2.5V < Vgwun <4.5V, 0 <Ignx <1.0 A
1.1V=SVgu 1.5V

VSWX

Output voltage accuracy -3.0 — 3.0 %
DVS disabled mode (OTP_SWx_DVS_SEL = 1)

Normal power mode, 2.5V < Vgpyun <4.5V, 0 <lgpx < 1.0A
1.8V <sVgpnx<3.3V

VSWX

Output voltage accuracy -55 — 55 mV
DVS disabled mode (OTP_SWx_DVS_SEL = 1)
Low-power mode, 2.5V < Vgwxn <4.5V, 0 <Igwx<0.1A
1.1V <Vgyx<15V
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Table 11. SW1 and SW2 electrical characteristics...continued

Symbol

Parameter

Min

Typ

Max

Unit

VSWX

Output voltage accuracy

DVS disabled mode (OTP_SWx_DVS_SEL = 1)
Low-power mode, 2.5V < Vgyxn <4.5V,0<Igwx<0.1A
1.8V <Vgpn<3.3V

-4.0

4.0

%

AVSWX

Output ripple

5.0

mV

SWxEFF

Efficiency
Vswxin = 3.6 V, Lswx = 1.0 yH, DCR = 50 mQ
LP/ ULP mode, 1.2V, 1.0 mA

88

%

SWxEFF

Efficiency
Vswxin = 3.6 V, Lswx = 1.0 yH, DCR = 50 mQ
Normal power mode, 1.2V, 50 mA

90

%

SWxEFF

Efficiency
Vswxin = 3.6 V, Lswx = 1.0 yH, DCR = 50 mQ
Normal power mode, 1.2 V, 150 mA

92

%

SWxEFF

Efficiency
Vswxin = 3.6 V, Lswx = 1.0 yH, DCR = 50 mQ
Normal power mode, 1.2 V, 400 mA

89

%

SWxEFF

Efficiency
Vswxin = 3.6 V, Lswx = 1.0 yH, DCR = 50 mQ
Normal power mode, 1.2V, 1000 mA

83

%

IswxLIMH

Current limiter peak (high-side MOSFET) current detection
SWHxILIM[1:0] = 00
SWxILIM[1:0] = 01
SWxILIM[1:0] =10
SWxILIM[1:0] = 11

0.7
0.8
1.0
1.4

1.0
1.2
1.5
2.0

1.3
1.6
2.0
2.6

IswxLIML

Current limiter low-side MOSFET current detection (sinking current)

0.7

1.0

1.3

ISWXQ

Quiescent current (at 25 °C)
Low-power mode with DVS disabled (OTP_SWx_DVS_SEL = 1)

1.0

MA

ISWXQ

Quiescent current (at 25 °C)
Low-power mode with DVS enabled (OTP_SWx_DVS_SEL = 0)

6.0

MA

ISWXQ

Quiescent current (at 25 °C)
Normal power mode with DVS disabled (OTP_SWx_DVS_SEL = 1)

5.5

MA

ISWXQ

Quiescent current (at 25 °C)
Normal power mode with DVS enabled (OTP_SWx_DVS_SEL = 0)

10

MA

VswxosH

Startup overshoot (Normal mode)
lSWX =0mA
DVS speed = 12.5 mV/4 ps, VSYS = Vgyyn = 3.6 V, Vg = 1.35V

25

mV

tonswx

Turn on time
10 % to 90 % of end value
DVS speed = 12.5 mV/4 us, VSYS = Vgpyxn = 3.6 V, Vgwx = 1.35V

500

us
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Table 11. SW1 and SW2 electrical characteristics...continued

Symbol Parameter Min Typ Max Unit
VswxLOTR Transient load regulation (Normal power mode) mV
Transient load = 50 mA to 250 mA, di/dt = 200 mA/us
Overshoot — 25 —
Undershoot — 25 —
RONSWXP SWx P-MOSFET RDS(on) at VSWXIN =36V — 200 — mQ
RONSWXN SWx N-MOSFET RDS(on) at VSWXIN =36V — 150 — mQ
Rswxois Turn off discharge resistance — 500 — Q

5.3.3

Electrical characteristics — SW3

All parameters are specified at Tp = =40 to 105 °C, VSYS = Vgyan =2.5104.5V, Vg3
=1.8V, Isw3z = 200 mA, typical external component values, fgy3 = 2.0 MHz, unless
otherwise noted. Typical values are characterized at VSYS = Vgyain = 3.6 V, Vgws =

1.8V, Iswz = 200 mA, and 25 °C, unless otherwise noted.

Table 12. SW3 electrical characteristics

Symbol Parameter Min Typ Max Unit
Vswain Operating input voltage 25 — 4.5 \Y,
Vsws Output voltage accuracy (all voltage settings) %
Normal power mode, 2.5V <Vgyan <4.5V,0<Isw3<1.0A -2.0 — 2.0
Vsws Output voltage accuracy (all voltage settings) %
Low-power mode, 2.5V < Vgpy3n <4.5V,0<Igw3 <0.1A -3.0 — 3.0
AVgy3 Output ripple — 5.0 — mV
Efficiency %
SW3EFF Vswain = 3.6V, Lswz = 1.0 yH, DCR = 50 mQ — 88 —
LP/ ULP Mode, 1.8V, 1.0 mA
Efficiency %
SW3EFF Vswain = 3.6 V, Lswx = 1.0 yH, DCR = 50 mQ — 90 —
Normal power mode, 1.8 V, 50 mA
Efficiency %
SW3EFF Vswain = 3.6 V, Lswx = 1.0 mH, DCR = 50 mQ — 91 —
Normal power mode, 1.8 V, 100 mA
Efficiency %
SW3EFF Vswain = 3.6 V, Lswx = 1.0 yH, DCR = 50 mQ — 92 —
Normal power mode, 1.8 V, 400 mA
Efficiency %
SW3EFF Vswain = 3.6 V, Lswx = 1.0 yH, DCR = 50 mQ — 83 —
Normal power mode, 1.8 V, 1000 mA
IswaLIMH Current limiter peak (high-side MOSFET) current detection A
SWaILIM[1:0] = 00 0.7 1.0 1.3
SWaILIM[1:0] = 01 0.8 1.2 1.6
SWaILIM[1:0] = 10 1.0 1.5 2.0
SWaILIM[1:0] = 11 1.4 20 26
IswaLimL Current limiter low-side MOSFET current detection (sinking current) |0.7 1.0 1.3 A
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Table 12. SW3 electrical characteristics...continued

Symbol Parameter Min Typ Max Unit
Iswaaq Quiescent current (at 25 °C) MA
Low-power mode — 1.0 —
Vsw30sH Start-up overshoot (Normal mode) — — 50 mV
lSW3 =0mA
VSYS = VSW3IN =36 V, sz3 =18V
tonsws Turn on time — — 500 us
10 % to 90 % of end value
VSYS = VSW3IN =36V, sz3 =18V
VswsaLoTR Transient load regulation (Normal power mode) mV
Transient load = 50 mA to 250 mA, di/dt = 200 mA/us
Overshoot — 50 —
Undershoot — 50 —
RONSW3N SW3 N-MOSFET RDS(on) at VSW3IN =36V — 150 — mQ
RONSW3P SW3 P-MOSFET RDS(on) at VSW3IN =36V — 200 — mQ
Rswspis Turn off discharge resistance — 300 — Q

5

.3.4 Electrical characteristics — LDO1

All parameters are specified at Tp = =40 to 105 °C, VSYS =2.5t04.5V, V pon1 =36 V,
VLDO1[4:0] = 11111, I.po1 = 10 mA, typical external component values, unless otherwise
noted. Typical values are characterized at VSYS = 3.6 V, V| point = 3.6 V, VLDO1[4:0] =
11111, I po1 = 10 mA, and 25 °C, unless otherwise noted.

Table 13. LDO1 electrical characteristics

Symbol Parameter Min |Typ Max |Unit
ViDo1IN Operating input voltage \%
Vipos +250 mV sVSYS <45V 1.0 — 4.5
V1 Do1NOM Nominal output voltage — See Table 33 |— V
lLbo1mMAX Rated output load current, Normal mode 300 |— — mA
lLDo1MAXLPM Rated output load current, Low-power mode 10 — — mA
Vi po1ToL Output voltage tolerance, Normal mode %
Vipo1inmiN < Vipo1in <4.5V, 0 mA < ppq = 300 mA
0.8V<=sV.pp1<18V -25 |— 25
1.8V<sVpo1s33V -25 |— 2.5
VLDO1INMIN < VLDO1IN <45V, 0mA< |LD01 <10 mA (Low-power -40 |— 4.0
mode)
lLpo1Lm Current limit 320 — 1000 mA
ILDO‘] when VLDO1 is forced to VLDO1 NOM/2
lLpo1ocp LDO1FAULTI threshold (also used to disable LDO1 when 320 |— 1000 mA
REGSCPEN = 1)
lLpo1q Quiescent current (at 25 °C) MA
No load, Change in IVSYS and IVLDO|N1
When LDO1 enabled in Normal mode — 17 —
When LDO1 enabled in Low-power mode — 25 —
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Table 13. LDO1 electrical characteristics...continued

Symbol Parameter Min |Typ Max |Unit
Rpson_arn_Lpo1 | Dropout on resistance — — 350 'mQ
PSRR| po1 PSRR dB
lL.po1 = 150 mA, 20 Hz to 20 kHz — 56 —
VLDO1 =3.30V, VLDO1IN =38V, VSYS =42V
TRvLpo1 Turn on time us
10 % to 90 % of end value — 200 500
Vipotinmin < Vipotin £4.5 V, I pos = 0.0 mA
RiLpo1bis Turn off discharge resistance — 250 — Q
LDO10UTpgyt | Start-up overshoot (% of final value) %
VipotinmiN < Vipo1in S 4.5V, I pos = 0.0 mA — 1.0 2.0
VLDO1LOTR Transient load response mV
VLDO1|NMIN < VLDO‘lIN <45V, ILDO1 =10 mA to 200 mAin 10 us
Overshoot — 50 —
Undershoot — 50 —

5.3.5 Electrical characteristics — LDO2

All parameters are specified at Tp = =40 to 105 °C, VSYS =3.6 V, V| poinz2 = 3.6 V,
VLDO2[3:0] = 1111, I_po2 = 10 mA, typical external component values, unless otherwise
noted. Typical values are characterized at VSYS = 3.6 V, V| poine = 3.6 V, VLDO2[3:0] =

1111, ILpo2 = 10 mA, and 25 °C, unless otherwise noted.

Table 14. LDO2 electrical characteristics

Symbol Parameter Min Typ Max |Unit
Vi poz2in Operating input voltage vV
1.8V <V poonom 2.5V 2.8 - 45
2.6V sV poanoms33V Vipoz2nom +0.250 | — 4.5
VLpo2noM Nominal output voltage — See Table 35 |— \%
ILpo2MAX Rated output load current, Normal mode 400 — — mA
ILDO2MAXLPM Rated output load current, Low-power mode 10 — — mA
V| poz21oL Output voltage tolerance %
Vipo2inmin < Vipozin <4.5V
10.0 mA < I po2 <400 mA -2.0 — 2.0
0.0 mA <l po2 < 10 mA (Low-power mode) -4.0 — 4.0
lLpo2LIm Current limit 450 750 1050 |mA
|LD02 when VLD02 is forced to VLDOZNOM/2
lLpo20cP LDO2FAULTI threshold (also used to disable LDO2 |450 — 1050 |mA
when REGSCPEN = 1)
lLbo2q Quiescent Current (25 °C) MA
No load, Change in lVSYS and IVLDOZIN
When V| po2 enabled in Normal mode — 15 —
When V| poo enabled in Low-power mode — 15 —
Rpson_aFN_Lboz | Dropout on resistance — — 300 |mQ
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Table 14. LDO2 electrical characteristics...continued

Symbol Parameter Min Typ Max |Unit
PSRRyLbo2 PSRR dB
lL.po2 =200 mA, 20 Hz to 20 kHz — 60 —
Vipo2=3.30V, Vipoan =39V, VSYS =42V
tonLDO2 Turn on time — 200 500 |us
10 % to 90 % of end value
Vipoz2inmiN < Vipozin £4.5 V, I poz = 0.0 mA
Ripozpis Turn off discharge resistance — 250 — Q
LDO20UTpgnt |Start-up overshoot (% of final value) — 1.0 20 |%
Vipo2inmin < Vipoain £4.5 V, I poz = 0.0 mA
VLbo2LoTR Transient load response mv
Vipo2inmiN < Vipozain S 4.5V, lipoz = 10 mA to 100
mA in 10 us
Overshoot — 50 —
Undershoot — 50 —

5.3.6 Electrical characteristics — LDO3

All parameters are specified at Tp = =40 to 105 °C, VSYS =2.5t04.5V, Vipon3 = 3.6 V,
VLDO3J[4:0] = 11111, I pos = 10 mA, typical external component values, unless otherwise
noted. Typical values are characterized at VSYS = 3.6 V, V| poinz = 3.6 V, VLDO3[4:0] =
11111, I poz = 10 mA, and 25 °C, unless otherwise noted.

Table 15. LDO3 electrical characteristics

Symbol Parameter Min |[Typ Max |Unit
VI po3sIN Operating input voltage 1.0 |[— 45 |V
Vipoz +250 mV sVSYS <45V
VLpo3noMm Nominal output voltage — See Table 33 |— \%
ILDO3MAX Rated output load current, Normal mode 300 |— — mA
ILDO3MAXLPM Rated output load current, Low-power mode 10 — — mA
Vi posToL Output voltage tolerance, Normal mode %
VLpo3inmiN < Viposin < 4.5V, 0 mA <l po3 < 300 mA
08V<=V.pp3<18V
1.8V<Vpop3<3.3V =25 |— 25
VLDOSINMIN < VLDOSIN <45V, 0mA< |LDO3 <10 mA (Low-power -25 |— 2.5
mode) -4.0 |— 4.0
ILDO3L|M Current limit 320 |— 1000 |mA
|LD03 when VLDO3 is forced to VLDOSNOM/Z
ILpozocp LDO3FAULTI threshold (also used to disable LDO3 when 320 |— 1000 mA
REGSCPEN = 1)
lLbo3q Quiescent current (at 25 °C) MA
No load, Change in IVSYS and IVLDO|N3
When LDO3 enabled in Normal mode — 17 —
When LDO3 enabled in Low-power mode — 2.5 —
Rpson_aFN_Lbo3 | Dropout on resistance — — 350 |mQ
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Table 15. LDO3 electrical characteristics...continued

Symbol Parameter Min |Typ Max |Unit
PSRR| po3 PSRR dB
l.po3z = 150 mA, 20 Hz to 20 kHz — 56 —
Vipo3=3.30V, Vipozn=3.8V,VSYS =42V
TRyLpo3 Turn on time us
10 % to 90 % of end value — 200 500
ViposinmiN < Vipoain <4.5V, ILpos = 0.0 mA
RLpo3pis Turn off discharge resistance — 250 — Q
LDO30UTpgnt | Start-up overshoot (% of final value) %
ViposinmiN < Viposin £4.5 V, ILpos = 0.0 mA — |10 20
VLDO3LOTR Transient load response mV
Vi posinmIN < Viposin £ 4.5V, ILposz = 10 mA to 100 mA in 10 us
Overshoot
Undershoot — 50 —
— 50 —

5.3.7 Electrical characteristics — VREFDDR

Tap=-401t0 105 °C,VSYS=251t04.5YV, Irerobr = 0.0 mA, Vinreropr = 1.35V

and typical external component values, unless otherwise noted. Typical values are
characterized at VSYS = 3.6 V, Irerppr = 0.0 mA, Vinrerppr = 1.35 'V, and 25 °C, unless
otherwise noted.

Table 16. VREFDDR electrical characteristics

Symbol Parameter Min Typ Max Unit
V\NreeDDR | Operating input voltage range 0.9 — 1.8 V
VREFDDR Output voltage, 0.9 V < V\yrerppr < 1.8 V, 0 MA < Iggrppr < 10 MA | — VINREFDDR/2 | — \Y
VrerpprToL | Output voltage tolerance, as a percentage of Vinrerppr, 1.2V < 49.25 |50 50.75 |%
VINRerDDR < 1.65 V, 0 MA < Irgrppr < 10 mA
IREFDDRQ Quiescent current (at 25 °C) — 1.1 — MA
IrRerppbrLm | Current limit, Irepppr When VRepppr is forced to Vinrerppr/4 10.5 24 38 mA
tonrerppr | Turn on time, 10 % to 90 % of end value, ViNrRerpDR = 1.2V 10 1.65 | — — 100 V&

V, Irerppr = 0.0 mA

5.3.8 Electrical characteristics — VSNVS

All parameters are specified at Tp = =40 to 105 °C, VSYS = 3.6 V, Vgnys = 3.0V, Isnys
= 5.0 pA, typical external component values, unless otherwise noted. Typical values
are characterized at VSYS = 3.6 V, Vgnys = 3.0V, Ignys = 5.0 pA, and 25 °C, unless
otherwise noted.

Table 17. VSNVS electrical characteristics

Symbol Parameter Min Typ Max Unit
VsnvsIN Operating input voltage \Y
Valid coin cell range 1.8 — 3.3
Valid VSYS 2.45 — 4.5
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Table 17. VSNVS electrical characteristics...continued

Symbol Parameter Min Typ Max Unit
Isnvs Operating load current 2000 — — MA
VsnvsinmiN < Vsnvsin < Vsnvsinmax
Vi1 VSYS threshold (VSYS powered to coin cell powered) |— UVDET failing |— \Y
VTH1 VSYS threshold (coin cell powered to VSYS powered) |— UVDET rising — \Y
Vsnvs Output voltage (when running from VSYS) -7.0% 3.0 7.0% |V
0 pA < Ignys < 2000 pA
Output voltage (when running from LICELL) VCOIN-0.20 |— —

0 pA < lIgnys <2000 pA
2.84V < Vo <33V

VsNVSDROP Dropout voltage — — 220 mV
VSYS =29V
Isnvs = 2000 pA

IsnvsLIM Current limit UA

VsSNVSTON Turn on time (load capacitor, 0.47 pF) ms
10 % to 90 % of final value Vgnys — — 3.0
Veon = 0.0V, Isnys = 0 pA

VsNVSOSH Start-up overshoot mV
lsnys = 5.0 HA — 40 70
dv8YS/dt = 50 mV/us

RDSONSNVS Internal switch RDS(on) Q
Veow = 2.6 V — — 100

5.3.9 Electrical characteristics — IC level bias currents

All parameters are specified at 25 °C, VSYS = 3.6 V, VIN = 0 V, typical external
component values, unless otherwise noted. Typical values are characterized at VSYS =
3.6V, Vgnys = 3.0V, and 25 °C, unless otherwise noted.

Table 18. IC level electrical characteristics

Mode PF1510 conditions System conditions Typ Max Unit

Coin cell VSNVS from LICELL No load on VSNVS 15 4.0 MA
All other blocks off
VSYS=0.0V

CORE_OFF VSNVS from VSYS No load on VSNVS, 15 4.0 MA
Wake-up from ONKEY active PMIC able to wake-up

All other blocks off
VSYS > UVDET

Sleep VSNVS from VSYS No load on VSNVS. 12.5 25 MA
Wake-up from PWRON active DDR memories in self
Trimmed reference active refresh.
DDR /O rail in Low-power mode
VREFDDR disabled
PF1510 All information provided in this document is subject to legal disclaimers. © NXP B.V. 2021. All rights reserved.
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Table 18. IC level electrical characteristics...continued

Mode

PF1510 conditions

System conditions Typ

Max Unit

Standby/Suspend

VSNVS from either VSYS or LICELL
SW1 in ultra Low-power mode

SW2 in ultra Low-power mode

SW3 in ultra Low-power mode
Trimmed reference active

VLDO1 is disabled

VLDO2 enabled in Low-power mode
VLDO3 enabled in Low-power mode
VREFDDR enabled

No load on VSNVS. 23
Processor enabled in
Low-power mode.

46 LA

REGS_DISABLE

VSNVS from VSYS
Wake-up from ONKEY active
Other blocks are off

VSYS > UVDET

No load on VSNVS, 14
PMIC able to wake-up

20 LA

6 Detailed description

PF1510

The PF1510 PMIC features three high efficiency low quiescent current buck regulators,
three LDO regulators, a DDR voltage reference to supply voltages for the application

processor and peripheral devices.

The buck regulators provide the supply to processor cores and to other low voltage
circuits such as 1/0 and memory. Dynamic voltage scaling is provided to allow controlled
supply rail adjustments for the processor cores for power optimization.

The three LDO regulators are general purpose to power various processor rails, system
connectivity devices and/or peripherals. Depending on the system power configuration,
the general purpose LDO regulators can be directly supplied from the main system
supply VSYS or from the switching regulators to power peripherals, such as audio,
camera, Bluetooth, Wireless LAN.

A specific VREFDDR voltage reference is included to provide accurate reference voltage
for DDR memories operation.

The VSNVS block behaves as an LDO, or as a bypass switch to supply the SNVS
(Secure Non-Volatile Storage)/RTC (Real Time Clock) circuitry on the processor. VSNVS
is powered from VSYS or from a coin cell.

The PF1510 uses an integrated linear front-end LDO that provides 4.5 V at VSYS from
the 5.0 V VIN.

Table 19. Voltage regulators

Supply Output voltage (V) Programming Load current
step size (mV) (mA)
SW1/8Sw2 0.60t0 1.3875/1.1t0 3.3 12.5/variable 1000
SW3 1.80 to 3.30 100 1000
LDO1 0.75to 1.50 50 300
1.80 to 3.30 100
LDO2 1.80 to 3.30 100 400
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Table 19. Voltage regulators...continued

Supply Output voltage (V) Programming Load current
step size (mV) (mA)
LDO3 0.75t0 1.50 50 300
1.80 to 3.30 100
USBPHY 3.30r4.9 — 60
VSNVS 3.0 N/A 2
VREFDDR 0.5*VINREFDDR N/A 10

6.1 Buck regulators

PF1510

The PF1510 features three high efficiency buck regulators with internal compensation.
Each buck regulator is capable of meeting optimum power efficiency operation using
reduced power variable-frequency pulse skip switching scheme at light loads as well
as operating in forced PWM quasi-fixed frequency switching mode at higher loads. The
switching regulator controller combines the advantages of hysteretic and voltage mode
control which provides outstanding load regulation and transient response, low output
ripple voltage and seamless transition between pulse-skip mode and Active Quasi-fixed
frequency switching mode. The control circuitry includes an AC loop which senses the
output voltage (at SWxFB pin) and directly feeds it to a fast comparator stage. This
comparator sets the switching frequency, which is almost constant for steady state
operating conditions. It also provides immediate response to dynamic load changes.

In order to achieve accurate DC load regulation, a voltage feedback loop is used. The
internally compensated regulation network achieves fast and stable operation with small
external components and low ESR capacitors. The transition into and out of low power
pulse-skip switching mode takes place automatically according to the load current to
maintain optimum power efficiency. Additionally, further power savings through cutting the
buck circuitry quiescent current can be achieved by activating a Low-power mode upon
entering either STANDBY or SLEEP PMIC power mode or as commanded via I°C control
bits. In SW1 and SW2. An OTP option enables or disables DVS in the regulators. When
DVS is disabled and the low-power bit is set, the regulator enters an Ultra Low Power
(ULP) mode cuts the operating quiescent current even in order to reach extremely low
standby power levels needed for ultra low power processors such as that from Kinetis K
and L series.

As indicated above, the buck controller supports PWM (Pulse Width Modulation) mode
for medium and high load conditions and low-power variable-frequency pulse skip mode
at light loads. During high current mode, it operates in continuous conduction and the
switching frequency is up to 2.0 MHz with a controlled on-time variation depending on the
input voltage and output voltage. If the load current decreases, the converter seamlessly
enters the pulse-skip mode to cut the operating quiescent current and maintain high
efficiency down to very light loads. In pulse-skip mode the switching frequency varies
linearly with the load current. Since the controller supports both power modes within one
single building block, the transition from normal power mode to lower power pulse-skip
mode and vice versa is seamless without dramatic effects on the output voltage.

In the adopted pulse-skip scheme, the device generates a single switching pulse to ramp
up the inductor current and recharge the output capacitor, followed by a non-switching
(pause) period where most of the internal circuits are shutdown to achieve a lowest
quiescent current. During this time, the load current is supported by the output capacitor.
The duration of the pause period depends on the load current and the inductor peak
current.
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6.2 SW1 and SW2 detailed description

6.2.1

PF1510

SW1 and SW2 are identical buck regulators designed to carry a nominal load current
of 1.0 A. Detailed characteristics and features of SW1 and SW2 are described in this
section. Being identical, reference is made only to SWx though the same specifications
apply to SW1 and SW2.

SWx dynamic voltage scaling description

SWhx integrates an optional DVS circuit that is enabled via OTP. To reduce overall power
consumption, when DVS is enabled SWx output voltage can be varied depending on the
mode or activity level of the processor.

* Normal operation:
The output voltage is selected by | 2C bits SWx _ VOLT[5:0]. A voltage transition initiated
by | Cis governed by the SWx_DVSSPEED | 2C bit as shown in Table 20.

¢ Standby mode:
The output voltage can be selected by | 2C bits SWx_STBY_VOLTI[5:0]. VoItage
transitions initiated by a Standby event are governed by the SWx_DVSSPEED | 2C bit
as shown in Table 20. This applies only when DVS is enabled.

¢ Sleep mode:
The output voltage can be higher or lower than in normal operation, but is typically
selected to be the lowest state retention voltage of a given processor; it is selected
by | 2C bits SWx_SLP_VOLT[5:0]. Voltage transitions initiated by a turn off event are
governed by the SWx_DVSSPEED | 2C bit for SWx as shown in Table 20. This applies
only when DVS is enabled.

As shown in Figure 5, during a falling DVS transition, dv/dt of the output voltage depends
on the load current. Setting the SWx_FPWM_IN_DVS bit forces the regulator in the
FPWM mode during the falling transition allowing it to accurately track the DVS reference
removing the load dependency. The SWx_FPWM_IN_DVS bit is active only when
OTP_SWx_DVS_SEL =0.

Table 20. SWx DVS setting selection

SWx_DVS speed Function
0 12.5 mV step each 2.0 ps
1 12.5 mV step each 4.0 pys
Requested
set point Output voltage
with light load
Internally i |
controlled steps "
\ ' !
i Example
\glljttail)uet 1 actual output
g Initial i voltage
set point y\ | /
Actual i Internally
‘ output voltage icontrolled steps
| | Possible
tput volt
Voltage S Eeﬂuest fl?r J IRt—}questltfor SVLi]nZ%V\)I oftage
change igher voltage ower voltage
request 1 l
Initiated by 12C programming, standby control or DVS control aaa-023876

Figure 5. SWx DVS transitions
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6.2.2 SWx DVS and non-DVS operation

SWx has two distinct modes of operation selectable via OTP:

* DVS enabled: a DVS reference is activated and output accuracy of the regulator
is tight at the cost of slightly higher quiescent current. See Section 5.3 "Electrical
characteristics" for details. In Figure 6, DVS FB and DVS REF are enabled via OTP for
this mode of operation.

¢ DVS disabled: the regulator operates as a traditional buck converter with a fixed
reference and soft-start. The quiescent current in this mode is lower at the cost of
output accuracy and transient response. See Section 5.3 "Electrical characteristics"
for details. In Figure 6, VREF FB and VREF are enabled via OTP for this mode of

operation.
VIN
TON iLim ——s
Low r_
PWR ]
ibias {
Vour | DVSFB |_sel l _ y
LI VRer FB . CTRL 2 out
logic 5
COMP +
E/) I L47::: 1;
ZCD
[ TOFF iLim

DVS REF
VREF

Low .
PWR Bias control

VREF FB | Programmable resistor divider VouT: 1.1, 1.2, 1.35, 1.5, 1.8, 2.5, 3.0, 3.3 (three bits)
Fixed bandgap reference with soft-start function
VREF Reduced accuracy and transient capabilities
OR

DVS FB Fixed DVS feedback and compensation

DVS REF | Programmable DVS feedback and compensation aaa-023877

Figure 6. SWx DVS and non-DVS selection

6.2.3 Regulator control

To improve system efficiency, the buck regulators can operate in different switching/

bias modes. The changing between DCM (Discontinuous Conduction Mode)/CCM
(Continuous Conduction Mode) takes place automatically based on detecting the load
current level. It can be enforced by one of the following means: 1°C programming, exiting/
entering the Standby mode, exiting/entering Sleep/Low-power mode.

Available modes for buck regulators are presented in Table 21. These switching modes
are available with OTP_SWx_DVS_SEL =0 and OTP_SWx_DVS_SEL = 1. Table 22

shows the bit settings for operating the buck converter is these modes based on the
PMIC operating state.

Table 21. Buck regulator operating modes

Mode Description

OFF The regulator is switched off and the output voltage is discharged using an internal resistor.
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Table 21. Buck regulator operating modes...continued

Mode Description

Adaptive This is the default mode of operation of the buck regulator. In this mode, the regulator operates in a quasi-
fixed frequency switching mode at moderate and high loads, with pulse skip (variable switching frequency)
scheme at light load for optimized efficiency.

F-PWM In this mode, the regulator is always in PWM mode operation regardless of load conditions.

Low-power | To further extend power savings when the load current is minimal, this mode cuts the quiescent current of

the buck converter by reducing the bias to the comparator. The regulator is operated in low power modes
(Standby and/or Sleep) with the proper 1’c setting. See Table 22.

The following table shows actions to control different bits for SW1 and SW2.

Table 22. Buck mode control

PMIC state SWx_EN | SWx_STBY | SWx_OMODE | SWx_LPWR | SWx_FPWM |SWx operating mode

Run/Standby 0 X X X X SW disabled

/Sleep

Run 1 X X 0 0 SW enabled. Operates in DCM at light loads

Run 1 X X 0 1 SW enabled. Forced PWM mode

Run 1 X X 1 0 SW Enabled. Does not operate in Low-power
mode.

Run 1 X X 1 1 SW enabled. Forced PWM mode

Standby 1 0 X X X SW disabled

Standby 1 1 X 0 0 SW enabled. Operates in DCM at light loads.

Standby 1 1 X 0 1 SW enabled. Forced PWM mode.

Standby 1 1 X 1 0 SW enabled. Operates in Low-power mode.

Standby 1 1 X 1 1 SW enabled. Forced PWM mode

Sleep 1 X 0 X X SW disabled

Sleep 1 X 1 0 0 SW enabled. Operates in DCM at light loads.

Sleep 1 X 1 0 1 SW enabled. Forced PWM mode.

Sleep 1 X 1 1 0 SW enabled. Operates in Low-power mode.

Sleep 1 X 1 1 1 SW enabled. Forced PWM mode

6.2.4 Current limit protection

SWx features high and low-side FET current limit. When current through the FETs goes
above their respective thresholds, the FET is turned off to prevent further increase in

current.

The protection is enabled in a cycle-by-cycle mode. Hitting either current limit sets
the corresponding interrupt sense bits. If the faults persist for longer than the 8.0 ms
debounce time, the interrupt status bit is set.

6.2.5

Output voltage setting in SWx

Output voltage of SWx is programmable via OTP. During startup (REGS_DISABLE
mode to RUN mode), contents of the OTP_SWx_VOLT[5:0] are mapped into the
SWx_VOLT[5:0], SWx_STBY_VOLTI[5:0] and SWx_SLP_VOLT[5:0] register which set
the regulator output voltage during Run, Standby and Sleep modes respectively.

PF1510
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In the DVS enabled mode (OTP_SWx_DVS_SEL = 0), values of SWx_VOLT[5:0],
SWx_STBY[VOLT[5:0] and SWx_SLP_VOLT[5:0] can be changed via 1°C after the PMIC
starts up (RESETBMCU is released).

In the DVS disabled mode (OTP_SWx_DVS_SEL = 1), value of SWx_VOLT[5:0],
SWx_STBY[VOLT[5:0] and SWx_SLP_VOLT[5:0] are read-only and must not be written
to.

Table 23. SW1 and SW2 output voltage setting

Set SWx_VOLT[5:0] Output voltage Output voltage
point SWx_STBY_VOLT[5:0] with DVS enabled with DVS disabled
SWx_SLP_VOLT[5:0] OTP_SWx_DVS_SEL =0 OTP_SWx_DVS_SEL =1

0 000000 0.6000 1.10

1 000001 0.6125 1.20

2 000010 0.6250 1.35

3 000011 0.6375 1.50

4 000100 0.6500 1.80

5 000101 0.6625 2.50

6 000110 0.6750 3.00

7 000111 0.6875 3.30

8 001000 0.7000 3.30

9 001001 0.7125 3.30

10 001010 0.7250 3.30

11 001011 0.7375 3.30

12 001100 0.7500 3.30

13 001101 0.7625 3.30

14 001110 0.7750 3.30

15 001111 0.7875 3.30

16 010000 0.8000 3.3

17 010001 0.8125 3.30

18 010010 0.8250 3.30

19 010011 0.8375 3.30

20 010100 0.8500 3.30

21 010101 0.8625 3.30

22 010110 0.8750 3.30

23 010111 0.8875 3.30

24 011000 0.9000 3.30

25 011001 0.9125 3.30

26 011010 0.9250 3.30

27 011011 0.9375 3.30

28 011100 0.9500 3.30
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Table 23. SW1 and SW2 output voltage setting...continued

Set SWx_VOLT[5:0] Output voltage Output voltage
point SWx_STBY_VOLT[5:0] with DVS enabled with DVS disabled
SWx_SLP_VOLT[5:0] OTP_SWx_DVS_SEL =0 OTP_SWx_DVS_SEL =1
29 011101 0.9625 3.30
30 011110 0.9750 3.30
31 011111 0.9875 3.30
32 100000 1.0000 3.30
33 100001 1.0125 3.30
34 100010 1.0250 3.30
35 100011 1.0375 3.30
36 100100 1.0500 3.30
37 100101 1.0625 3.30
38 100110 1.0750 3.30
39 100111 1.0875 3.30
40 101000 1.1000 3.30
41 101001 1.1125 3.30
42 101010 1.125 3.30
43 101011 1.1375 3.30
44 101100 1.1500 3.30
45 101101 1.1625 3.30
46 101110 1.1750 3.30
47 101111 1.1875 3.30
48 110000 1.2000 3.30
49 110001 1.2125 3.30
50 110010 1.2250 3.30
51 110011 1.2375 3.30
52 110100 1.2500 3.30
53 110101 1.2625 3.30
54 110110 1.2750 3.30
55 110111 1.2875 3.30
56 111000 1.3000 3.30
57 111001 1.3125 3.3
58 111010 1.3250 3.30
59 111011 1.3375 3.30
60 111100 1.3500 3.30
61 111101 1.3625 3.30
62 111110 1.3750 3.30
63 111111 1.3875 3.30
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SWx external components

Table 24 shows the combination of inductor and capacitor values that work with the SWx
regulator.

The design is optimized for a 1.0 yH inductor.

Table 24. Acceptable inductance and capacitance values

Inductance / capacitance 2x10 uF

1.0 pH

Table 25 and Table 26 show example inductor and capacitor part numbers respectively.

Table 25. Example inductor part numbers

Part number Size (mm) 1.0 yH

DFE201610E 20x1.6 57 mQ, 3.6 A
DFE201610P 20x1.6 70mQ, 3.1 A
DFE201210U 20x1.2 95 mQ, 3.1 A
DFE160810S 1.6x0.8 120 mQ, 2.0 A
DFE201208S 20x1.2 86 mQ, 2.4 A
DFE160808S 1.6x0.8 144 mQ, 1.9 A

Table 26. Example capacitor part numbers

Murata part number Description
GRM188R60J106ME47D 6.3V, 10 pF, 0402, X5R
GRM188D70J106MA73 6.3V, 10 pF, 0402, X7R
GRM188R61A106KEG9 10 uF 10 V 10 % X5R 0603 .95 mm
GRM219R61A106KE44 10 uF 10 V 10 % X5R 0805 .95 mm

SWa3 detailed description

SW3 is a buck regulator designed to carry a nominal load current of 1.0 A. The output
voltage is programmable from 1.8 V to 3.3 V in 100 mV steps. Dynamic voltage scaling is
not supported in this regulator.

VIN

Vout — TON
e H
g (I)TRL g [ Vout
< g s
H
i

Tow v
Bias control
VREF FB | Programmable resistor divider VOUT (four bits): 1.8 V10 3.3V in 100 mV steps
VEr | Fixed bandgap referonce with softstat unction

Reduced accuracy and transient capabilities 28a-023878

Figure 7. SW3 block diagram
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6.3.1 Regulator control

To improve system efficiency the buck regulator can operate in different switching/
bias modes. The changing between DCM/CCM takes place automatically based on
detecting the load current level. It can be enforced by one of the following means: °C
programming, exiting/entering the Standby mode, exiting/entering Sleep/ Low-power
mode.

Available modes for buck regulators are presented in Table 27 .

Table 28 shows the bit settings for operating the buck converter in these modes based on
the PMIC operating state.

Table 27. SW3 buck regulator operating modes

Mode Description
OFF The regulator is switched off and the output voltage is discharged using an internal
resistor.

Adaptive | This is the default mode of operation of the buck regulator. In this mode, the
regulator operates in a quasi-fixed frequency switching mode at moderate and
high loads, with pulse skip (variable switching frequency) scheme at light load for
optimized efficiency.

F-PWM In this mode, the regulator is always in PWM mode operation regardless of load
conditions.

Low-power | To further extend power savings when the load current is minimal, this mode cuts
the quiescent current of the buck converter by reducing the bias to the comparator.
The regulator is operated in low power modes (Standby and/or Sleep) with the
proper 1’Cc setting. See Table 28.

Table 28. SW3 buck mode control

PMIC state SW3_EN SW3_STBY | SW3_OMODE |SW3_LPWR | SW3_FPWM |SW3 operating mode
Run/ 0 X X X X SW disabled
Standby/
Sleep
Run 1 X X 0 0 SW enabled
Operates in DCM at light
loads
Run 1 X X 0 1 SW enabled
Forced PWM mode
Run 1 X X 1 0 SW enabled
Does not operate in Low-
power mode
Run 1 X X 1 1 SW enabled
Forced PWM mode
Standby 1 0 X X X SW disabled
Standby 1 1 X 0 0 SW enabled
Operates in DCM at light
loads
Standby 1 1 X 0 1 SW enabled
Forced PWM mode
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Table 28. SW3 buck mode control...continued

PMIC state | SW3_EN | SW3_STBY | SW3_OMODE | SW3_LPWR |SW3_FPWM |SW3 operating mode
Standby 1 1 X 1 0 SW enabled
perates in Low-power mode
Standby 1 1 X 1 1 SW enabled
Forced PWM mode
Sleep 1 X 0 X X SW disabled
Sleep 1 X 1 0 0 SW enabled
Operates in DCM at light
loads
Sleep 1 X 1 0 1 SW enabled
Forced PWM mode
Sleep 1 X 1 1 0 SW enabled
Operates in Low-power
mode
Sleep 1 X 1 1 1 SW enabled
Forced PWM mode
6.3.2 Current limit protection
SW3 features high and low-side FET current limit. When current through the FETs goes
above their respective thresholds, the FET is turned off to prevent further increase in
current.
The protection is enabled in a cycle-by-cycle mode. Hitting either current limit sets
the corresponding interrupt sense bits. If the faults persist for longer than the 8.0 ms
debounce time, the interrupt status bit is set.
6.3.3 Output voltage setting in SW3

PF1510

Output voltage of SW3 is programmable via OTP. During start up (REGS_DISABLE
mode to RUN mode), contents of the OTP_SW3_VOLT[5:0] are mapped into the
SW3_VOLT[5:0], SW3_STBY_VOLT[5:0] and SW3_SLP_VOLTI[5:0] register which set
the regulator output voltage during Run, Standby and Sleep modes respectively.

Values of SW3_VOLT[5:0], SW3_STBY[VOLT[5:0] and SW3_SLP_VOLTI[5:0] are read-
only and cannot be written to.

Table 29. SW3 output voltage setting

Set point SW3_VOLT[3:0] Output voltage (V)
SW3_STBY_VOLT[3:0]
SW3_SLP_VOLT[3:0]
0 0000 1.80
1 0001 1.90
2 0010 2.00
3 0011 2.10
4 0100 2.20
5 0101 2.30
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Table 29. SW3 output voltage setting...continued

Set point SW3_VOLT[3:0] Output voltage (V)
SW3_STBY_VOLT[3:0]
SW3_SLP_VOLT[3:0]
6 0110 2.40
7 0111 2.50
8 1000 2.60
9 1001 2.70
10 1010 2.80
1 1011 2.90
12 1100 3.00
13 1101 3.10
14 1110 3.20
15 1111 3.30

6.3.4 SW3 external components

Table 30 shows the combination of inductor and capacitor values that work with the SW3

regulator.

Table 30. Acceptable inductance and capacitance values

Inductance / capacitance

2x10 uF

1.0 pH

Table 31 and Table 32 show example inductor and capacitor part numbers respectively.

Table 31. Example inductor part numbers

Part number Size (mm) 1.0 yH
DFE201610E 20x1.6 57 mQ, 3.6 A
DFE201610P 20x1.6 70mQ, 3.1 A
DFE201210U 20x1.2 95 mQ, 3.1 A
DFE160810S 1.6x0.8 120 mQ, 2.0 A
DFE201208S 20x1.2 86 mQ, 2.4 A
DFE160808S 1.6x0.8 144 mQ, 1.9 A
Table 32. Example capacitor part numbers

Murata part number Description

GRM188R60J106ME47D 6.3V, 10 pF, 0402, X5R
GRM188D70J106MA73 6.3V, 10 pF, 0402, X7R
GRM188R61A106KE69 10 yF 10 V 10 % X5R 0603 .95 mm
GRM219R61A106KE44 10 yF 10 V 10 % X5R 0805 .95 mm
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7 Low dropout linear regulators, VREFDDR and VSNVS

71

7.2

7.21

PF1510

General description

This section describes the LDO regulators provided by the PF1510. All regulators use the
main bandgap as reference.

When a regulator is disabled, the output is discharged by an internal pull-down.

VLDO1 and VLDO3 can be used as load switches by setting the corresponding load
switch enable bit OTP_VLDOx_LS.

All general purpose LDOs have short-circuit protection capability. The Short-circuit
Protection (SCP) system includes debounced fault condition detection, regulator
shutdown, and processor interrupt generation, to contain failures and minimize the
chance of product damage. If a short-circuit condition is detected and REGSCPEN
bit is set, the LDO is disabled by resetting its VLDOXEN bit, while at the same time,
an interrupt VLDOXFAULTI is generated to flag the fault to the system processor. The
VLDOXFAULTI interrupt is maskable through the VLDOxFAULTM mask bit.

The SCP feature is enabled by setting the REGSCPEN bit. If this bit is not set, the
regulators are not automatically disabled upon a short-circuit detection. However,

the current limiter continues to limit the output current of the regulator. By default, the
REGSCPEN is not set; therefore, at start up none of the regulators are disabled if an
overloaded condition occurs. A fault interrupt, VLDOxFAULTI is generated in an overload
condition regardless of the state of the REGSCPEN bit. Each LDO features a Low-power
mode where the quiescent current consumed is significantly lower than in regulator
operation. In the Low-power mode, load current of each regulator is limited to 10 mA.

LDO1 and LDO3 detailed description

LDO1 and LDO3 are identical 300 mA low dropout (LDO) rezqulators that provide output
voltage with high accuracy and are programmable through 1°C interface bits. Being
identical, reference is made to these LDOs as LDOy.

To support this wide input range, LDOy circuit incorporates a PMOS pass FET as well as
an NMOS pass FET. The LDO uses the main bandgap as its reference.

The regulator incorporates a soft-start circuit that ramps the internal reference in order
to provide smooth output waveform with minimal overshooting during power up. When
the regulator is disabled, the output is discharged by an internal pull-down resistor.
Additionally, the LDO can be used as a load switch by setting the corresponding Load
Switch enable bit OTP_LDOy_LS.

Moreover, LDOy includes current limit protection with the option to turn off the LDO when
an overcurrent is detected.

Features summary

* Input range LDO from 1.0 Vto 4.5V

¢ Programmable output voltage between 0.75 V to 1.5 V (uses NMOS) or 1.8 V and
3.3V (uses PMOS) with 2 % accuracy

Soft-start ramp control during power up and discharge mechanism during power down
* Low quiescent current (~ 2.5 pA) at Low-power mode

Current limit protection
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» Configurable into load switch via OTP bit

LDOy block diagram

VINX
T LDOXIN VDD VRer
L LDOXEN
]
LDOXLPWR
LDOXOUT = X
ICLDOX
H ) LDOx

\
E Discharge

1’c
interface

Figure 8. LDOy Block Diagram

aaa-023879

LDOy external components

Use a 4.7 uF X5R/X7R capacitor from output to ground with a voltage rating at least 2

times the nominal output voltage.

LDOy output voltage setting

LDOy output voltage is programmed by setting the LDOy[4:0] bits as shown in Table 33.

Table 33. LDOy output voltage setting

Set point LDOy[4:0] LDOy output (V)
0 00000 0.7500
1 00001 0.8000
2 00010 0.8500
3 00011 0.9000
4 00100 0.9500
5 00101 1.0000
6 00110 1.0500
7 00111 1.1000
8 01000 1.1500
9 01001 1.2000
10 01010 1.2500
11 01011 1.3000
12 01100 1.3500
13 01101 1.4000
14 01110 1.4500
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Table 33. LDOy output voltage setting...continued

Set point LDOy[4:0] LDOy output (V)
15 01111 1.5000
16 10000 1.8000
17 10001 1.9000
18 10010 2.0000
19 10011 2.1000
20 10100 2.2000
21 10101 2.3000
22 10110 2.4000
23 10111 2.5000
24 11000 2.6000
25 11001 2.7000
26 11010 2.8000
27 11011 2.9000
28 11100 3.0000
29 11101 3.1000
30 11110 3.2000
31 11111 3.3000

7.2.5 LDOy low power mode operation

LDOy can operate in a Low-power mode with reduced quiescent current. The Low-power
mode can be activated in Standby and Sleep modes by setting the LDOy_LPWR bit as
shown in Table 34. Maximum load current is limited to 10 mA when operating in the Low-

power mode.
Table 34. LDOy control bits
PMIC state LDOy_EN | LDOy_STBY | LDOy _OMODE | LDOy_ LPWR |LDOy operating mode
Run/Standby/Sleep 0 X X X LDO disabled
Run 1 X X LDO enabled
Standby 1 0 X X LDO disabled
Standby 1 1 X 0 LDO enabled
Standby 1 1 X 1 LDO enabled in Low-power mode
Sleep 1 X 0 X LDO disabled
Sleep 1 X 1 0 LDO enabled
Sleep 1 X 1 1 LDO enabled in Low-power mode

7.2.6 LDOy current limit protection

LDOy has built in current limit protection. When the load current exceeds the current
limit threshold, the regulator goes from a voltage regulation mode to a current regulation
mode that limits the available output current.
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By setting the REGSCPEN bit, LDOy can be automatically disabled in the event of

an over current situation. In the event of an over current, the LDO will be disabled by
resetting its LDOy_EN bit, while at the same time an interrupt LDOy_FAULTI is generated
to flag the fault to the system processor. The LDOy_FAULTI interrupt is maskable through
the LDOy_FAULTM mask bit.

If REGSCPEN is not set, the regulator will not be automatically disabled, but will instead
enter the current limit mode. By default, the REGSCPEN is not set; therefore, at start-
up none of the regulators will be disabled if an overloaded condition occurs. A fault
interrupt, LDOy_FAULTI, is generated in an overload condition regardless of the state of
the REGSCPEN bit.

Current limit is not active when LDOy is operated in the load switch mode.

LDOy load switch mode

The LDOy path can be turned into a switch by setting the OTP_LDQy_LS bit. Setting this
bit fully turns on the LDO pass FET. This could be useful if power domain partitioning or
additional isolation is needed on the system application. Soft-start is engaged during start
up of the load switch to reduce inrush currents.

LDO2 detailed description

LDO2 is a 400 mA low dropout (LDO) regulator that provides output voltage with high
accuracy and programmable through 1°C/ interface bits. To support this wide input range
the LDO circuit incorporates a PMOS pass FET. The LDO uses the main bandgap as its
reference.

The regulator incorporates a soft-start circuit that ramps the internal reference in order to
provide smooth output waveform with minimal overshooting during power up. When the
regulator is disabled, the output is discharged by an internal pull-down resistor. The pull-
down is also activated when RESETBMCU is low.

Moreover, LDO2 includes current limit protection with option to turn off the LDO when an
overcurrent is detected.

LDO2 features summary

* Input range LDO from 2.8 Vto 4.5V

* Programmable output voltage between 1.8 V and 3.3 V with 2 % accuracy

Soft-start ramp control during power up and discharge mechanism during power down
* Low quiescent current (~ 1.5 pA) at Low-power mode

* Current limit protection
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LDO2 block diagram

LDOXIN | s
LDOxIN

LDOxEN

LDOXLPWR

LDOXOUT [

ICLDOX

LDOx

\
E Discharge

1’c
interface

Figure 9. LDO2 block diagram

aaa-023880

LDO2 external components

Use a 10 uF X5R/X7R capacitor from output to ground with a voltage rating at least 2

times the nominal output voltage.

LDO2 output voltage setting

LDO2 output voltage is programmed by setting the VLDO2[3:0] bits as shown in

Table 35.
Table 35. LDO2 output voltage setting
Set point VLDO2[3:0] VLDO2 output (V)

0 0000 1.80
1 0001 1.90
2 0010 2.00
3 0011 2.10
4 0100 2.20
5 0101 2.30
6 0110 240
7 0111 2.50
8 1000 2.60
9 1001 2.70
10 1010 2.80
1 1011 2.90
12 1100 3.00
13 1101 3.10
14 1110 3.20
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Table 35. LDO2 output voltage setting...continued
Set point VLDO2[3:0] VLDO2 output (V)

15 "M 3.30

LDO2 Low-power mode operation

LDO2 can operate in a Low-power mode with reduced quiescent current. The low power
mode can be activated in Standby and Sleep modes by setting the LDO2LPWR bit as
shown in Table 36. Maximum load current is limited to 10 mA when operating in the Low-
power mode.

Table 36. LDO2 control bits

PMIC state LDO2EN LDO2STBY LDO20MODE LDO2LPWR |LDO2 operating mode

Run 0 X X X LDO disabled

Run 1 X X LDO enabled

Standby 1 0 X X LDO disabled

Standby 1 1 X 0 LDO enabled

Standby 1 1 X 1 LDO enabled in Low-power mode
Sleep 1 X 0 X LDO disabled

Sleep 1 X 1 0 LDO enabled

Sleep 1 X 1 1 LDO enabled in Low-power mode

7.3.6 LDO2 current limit protection

PF1510

7.4

LDO2 has built in current limit protection. When the load current exceeds the current
limit threshold, the regulator goes from a voltage regulation mode to a current regulation
mode limiting the available output current.

By setting the REGSCPEN bit, LDO2 can be automatically disabled in the event of an
over current situation. In the event of an over current, the LDO is disabled by resetting
its VLDOZ2EN bit, while at the same time an interrupt VLDO2FAULT]I is generated to flag
the fault to the system processor. The VLDO2FAULTI interrupt is maskable through the
VLDO2FAULTM mask bit.

If REGSCPEN is not set, the regulator will not be automatically disabled, but instead
enter the current limit mode. By default, the REGSCPEN is not set; therefore, at start-
up none of the regulators will be disabled if an overloaded condition occurs. A fault
interrupt, VLDO2FAULTI is generated in an overload condition regardless of the state of
the REGSCPEN bit.

VREFDDR reference

VREFDDR is an internal NMOS half supply voltage follower capable of supplying up
to 10 mA. The output voltage is at one half the input voltage. It is typically used as the
reference voltage for DDR memories.

A filtered resistor divider is utilized to create a low frequency pole. This divider then
utilizes a voltage follower to drive the load.
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VINREFDDR
T VINREFDDR
P> =
-+ Discharge
VREFDDR L VREFDDR
CREFDDR
I 1.0 uF
aaa-023881
Figure 10. VREFDDR block diagram

VSNVS LDO/Switch

VSNVS powers the low-power SNVS/RTC domain on the processor. It derives its power
from either VSYS or a coin cell. When powered by both, VSYS powers VSNVS if VSYS >
VTH threshold and LICELL powers VSNVS when VSYS < VTL. When powered by VSYS,
VSNVS is an LDO capable of supplying 2.0 mA at 3.0 V. When powered by coin cell,
VSNVS output tracks the coin cell voltage by means of a switch. In this case, the VSNVS
voltage is simply the coin cell voltage minus the voltage drop across the switch.

Upon subsequent removal of VSYS, with the coin cell attached, VSNVS will change
configuration from an LDO to a switch.

PF1510
Vsvs . .'""""""""""‘:
4 | | |
1V 1
REF —p
Coin cell Slgggé i >_‘E i
charger | i
selector | | I
1.8t033V T : i
; 1 1
y i : » VSNVS
1 1
Jm . : :
Coin cell ! LDOJ/LOAD |
| switch |
= [N I
12C interface

aaa-028833

Figure 11. VSNVS block diagram
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8 Front-end LDO description

PF1510

The VIN operates from 4.0 V to 6.5 V with up to 22 V overvoltage protection.

The VIN current limit works by monitoring the current being drawn from the VIN and
comparing it to the programmed current limit. The current limit should be set based on
the current-handling capability of the input adaptor. Generally, this limit is chosen to
optimally fulfill the system-power requirements. See Table 40.

The PMIC is powered from the VSYS node in the PF1510.
The VSYS voltage can be regulated to either 3.5V, 3.7 V or 4.3 V. See Table 38.
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8.1 Operating modes and behavioral description

startup sequence

50V

w)

LDO2P7 /

VIN_VALID

LDO2P7|

BGOK TssviN
1.5V
VCORE /
15V
VCOREDIG
> 100 ms (min) VSYSMIN
VSYS
default mode OTP
selectable (linear on)
USBPHY
(3.3V) 18V
VDDIO oV /
SLEEP processor detection sequence SLEEP
IC detection
VIN_ILIM 0 based on
| X00 (100 mA) adapter type
aaa-028834
Figure 12. Startup sequence
Table 37. Front-end regulator register
FRONT-END REGULATOR REGISTER
ADDR: Ox8F
D7 ‘ D6 D5 ‘ D4 ‘ D3 ‘ D2 D1 ‘ DO
BITS: VSYSMIN Reserved
POR: 0 ‘ 0 1 ‘ 0 ‘ 1 ‘ 0 1 ‘ 1

PF1510
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Table 37. Front-end regulator register...continued

FRONT-END REGULATOR REGISTER
ACCESS:

The VSYSyn value is programmable via OTP as per the table below.

Table 38. VSYSyn setting

VSYSMIN[1:0] setting VSYSyn setting (V)
00 35
01 3.7
10 43
11 Reserved

The VSYSyN setting is the "normal” regulation point for VSYS. This parameter sets the
point where the VSYS loop starts taking control and regulates the output. 4.3 V is the
recommended setting to ensure that there is enough headroom before reaching UVDET
(PMIC undervoltage detection, 2.9 V typ.).

Typically, the VSYS output range can go as low as 300 mV below the VSYSyy setting.
Therefore, the recommended setting for the VSYS output should be between 4.0 V to
4.3 V.

Table 39. VIN current limit register

VIN CURRENT LIMIT REGISTER

ADDR: 0x94
BITS:
POR:
ACCESS:
The table below shows valid VIN limit settings.
Table 40. VIN limit settings
VIN_ILIM[4:0] setting VIN current limit (mA)

00000 10

00001 15

00010 20

00011 25

00100 30

00101 35

00110 40

00111 45

01000 50

01001 100

01010 150
PF1510 Al information provided in this document is subject to legal disclaimers. © NXP B.V. 2021. All rights reserved.
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Table 40. VIN limit settings...continued

VIN_ILIM[4:0] setting VIN current limit (mA)
01011 200
01100 300
01101 400
01110 500
01111 600
10000 700
10001 800
10010 900
10011 1000
10100 1500

10101 to 11101 Reserved
11110 Reserved
11111 Reserved

9 Control and interface signals

The PF1510 PMIC is fully programmable via the I°C interface. Additional communication
is provided by direct logic interfacing including interrupt and reset pins as well as pins for
power buttons.

9.1 PWRON

PWRON is an input signal to the IC that acts as an enable signal for the voltage
regulators in the PF1510.

The PWRON pin can be configured as either a level sensitive input (OTP_PWRON_CFG
=0), or as an edge sensitive input (OTP_PWRON_CFG =1).

As a level sensitive input, an active high signal turns on the part and an active low signal
turns off the part, or puts it into Sleep mode.

As an edge sensitive input, such as when connected to a mechanical switch, a falling
edge will turn on the part and if the switch is held low for greater than or equal to 4.0
seconds, the part turns off or enters Sleep mode.

Table 41. PWRON pin OTP configuration options
OTP_PWRON_CFG Mode

0 PWRON pin HIGH = ON
PWRON pin LOW = OFF or Sleep mode
1 PWRON pin pulled LOW momentarily = ON

PWRON pin LOW for 4.0 seconds = OFF or Sleep mode
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Table 42. PWRON pin logic level

Pin name Parameter Load condition Min Max Unit
PWRON ViL — 0.0 0.4 \Y
ViH — 14 3.6 \

When OTP_PWRON_CFG = 1, PWRON pin pulled low momentarily takes the system
from REGS_DISABLE/SLEEP to RUN mode. There is no effect if PWRON is pulled low
momentarily while in RUN or STANDBY modes. Only an interrupt is generated.

PWRON pin low for 4.0 seconds with PWRONRSTEN bit = 1: Enters REGS_DISABLE or
Sleep mode.

See Section 10 "PF1510 state machine" for detailed description.

In this configuration, the PWRON input can be a mechanical switch debounced through a
programmable de-bouncer, PWRONDBNCI1:0], to avoid a response to a very short key
press. The interrupt is generated for both the falling and the rising edge of the PWRON
pin. By default, a 31.25 ms interrupt debounce is applied to both falling and rising

edges. The falling edge debounce timing can be extended with PWRONDBNCJ1:0]. The
interrupt is cleared by software, or when cycling through the REGS_DISABLE mode.

Table 43. PWRONDBNC settings

Bits State Turn on Falling edge INT Rising edge INT
debounce (ms) debounce (ms) debounce (ms)
PWRONDBNC][1:0] 00 31.25 31.25 31.25
01 31.25 31.25 31.25
10 125 125 31.25
1 750 750 31.25

STANDBY

STANDBY is an input signal to the IC. When it is asserted the part enters standby mode
and when deasserted, the part exits standby mode. STANDBY can be configured as
active high or active low using the STANDBYINV bit.

Table 44. Standby pin polarity control
STANDBY (pin) STANDBYINV (IZC bit)

STANDBY control

0 0 Not in Standby mode
0 1 In Standby mode
1 0 In Standby mode

1 1 Not in Standby mode

Table 45. STANDBY pin logic level

Pin name Parameter Load condition Min Max Unit
STANDBY VL — 0 04 \
ViH — 14 3.6 \
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Since STANDBY pin activity is driven asynchronously to the system, a finite time

is required for the internal logic to qualify and respond to the pin level changes. A
programmable delay is provided to hold off the system response to a Standby event. This
allows the processor and peripherals some time after a standby instruction has been
received to terminate processes to facilitate seamless entering into Standby mode. When
enabled (STANDBYDLY = 01, 10, or 11), STANDBYDLY delays the Standby initiated
response for the entire IC, until the STBYDLY counter expires. An allowance should be
made for three additional 32 kHz cycles required to synchronize the Standby event.

9.3 RESETBMCU

RESETBMCU is an open-drain, active low output configurable via OTP for two modes of
operation.

In its default mode, it is deasserted at the end of the start-up sequence. In this mode, the
signal can be used to bring the processor out of reset (POR), or as an indicator that all
supplies have been enabled; it is only asserted during a turn off event.

When configured for its fault mode, RESETBMCU is deasserted after the startup
sequence is completed only if no faults occurred during start up. At any time, if a fault
occurs and persists for 1.8 ms typically, RESETBMCU is asserted low.

The PF1510 is turned off if the fault persists for more than 100 ms typically. The PWRON
signal restarts the part, though if the fault persists, the sequence described above is
repeated. To enter the fault mode, set bit OTP_PWRGD_EN to 1.

The time from the last regulator in the start-up sequence to when RESETBMCU is
deasserted is programmable between 2.0 ms and 1024 ms via OTP_POR_DLY[2:0] bits.

Table 46. RESETBMCU pin logic level

Pin name Parameter Load condition Min Max Unit
RESETBMCU VoL —-2.0 mA 0 0.2 *VDDIO \
VoH Open Drain 0.8 *VDDIO 36V \%
9.4 INTB

INTB is an open-drain, active low output. It is asserted when any interrupt occurs,
provided that the interrupt is unmasked. INTB is deasserted after the fault interrupt is
cleared by software, which requires writing a “1” to the interrupt bit.

Each interrupt can be masked by setting the corresponding mask bit to a 1. As a result,
when a masked interrupt bit goes high, the INTB pin does not go low. A masked interrupt
can still be read from the interrupt status register. This gives the processor the option of
polling for status from the IC.

The IC powers up with all interrupts masked, so the processor must initially poll the
device to determine if any interrupts are active. Alternatively, the processor can unmask
the interrupt bits of interest. If a masked interrupt bit was already high, the INTB pin goes
low after unmasking. The sense registers contain status and input sense bits so the
system processor can poll the current state of interrupt sources. They are read only, and
not latched or clearable.

Table 47. INTB pin logic level

‘Pin name Parameter Load condition Min Max Unit

‘INTB VoL —2.0mA 0 0.2*VDDIO | V
PF1510 All information provided in this document is subject to legal disclaimers. © NXP B.V. 2021. All rights reserved.
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Table 47. INTB pin logic level...continued

Pin name Parameter Load condition Min Max Unit

3.6V \Y

VoH Open Drain 0.8 *VDDIO

WDI

WDI is an input signal to the IC. It is typically connected to the watchdog output of the
processor. When the WDI pin is pulled low, the PMIC enters the “REGS_DISABLE”
mode where all the regulators are turned off. The WDI acts as a hard reset input from the
processor.

During PMIC startup (REGS_DISABLE to RUN mode), the WDI pin is masked till
RESETBMCU is deasserted.

Table 48. WDI pin logic level

Pin name Parameter Load condition Min Max Unit
WDI VL — 0 0.2 *VDDIO \

ViH — 0.8 *VDDIO 3.6 \
ONKEY

ONKEY is an input pin to the IC and is typically connected to a push-button switch. The
ONKEY pin is pulled high when the switch is depressed, and is pulled low when the
switch is pressed.

Pressing the switch generates interrupts which the processor uses to initiate PMIC
state transitions. Pressing the ONKEY for longer than the delay programmed

by OTP_TGRESET[1:0] (ranges from 4.0 s to 16 s), forces the PMIC into the
REGS_DISABLE state.

Table 49. ONKEY pin logic level

Pin name Parameter Load condition Min Max Unit
ONKEY ViL — 0 04 \
ViH — 14 4.8 \

Table 50. ONKEYDBNC settings

Bits State Turn On Falling Edge INT Rising Edge INT
Debounce (ms) Debounce (ms) Debounce (ms)
ONKEYDBNCI1:0] 00 31.25 31.25 31.25
01 31.25 31.25 31.25
10 125 125 31.25
11 750 750 31.25

The ONKEY input can be a mechanical switch debounced through a programmable
debouncer, ONKEYDBNC[1:0], to avoid a response to a very short (unintentional) key
press. The interrupt is generated during the rising edge of the ONKEY pin.
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The falling edge debounce timing can be extended with ONKEYDBNC[1:0] as
defined Table 50. The interrupt is cleared by software, or when cycling through the
REGS_DISABLE mode.

See Section 12 "Register map" for detailed description of the ONKEY interrupt registers.

9.7 Control interface I°C block description

The PF1510 contains an IC interface port which allows access by a processor, or
any 1°Cc master, to the register set. Via these registers, the resources of the IC can be
controlled. The registers also provide status information about how the IC is operating.

The SCL and SDA lines should be routed away from noisy signals and planes to
minimize noise pick up. To prevent reflections in the SCL and SDA traces from creating
false pulses, the rise and fall times of the SCL and SDA signals must be greater than
20 ns. This can be accomplished by reducing the drive strength of the I°C master via
software.

9.7.1 I°C device ID

I°C interface protocol requires a device ID for addressing the target IC on a multi-device
bus. The PF1510 I°C device address is 0x08.

9.7.2 I’C operation

The 1°C mode of the interface is implemented generally following the fast mode definition
which supports up to 400 kbits/s operation (exceptions to the standard are noted to be
7-bit only addressing and no support for general call addressingg. Timing diagrams,
electrical specifications, and further details can be found in the 1°C specification, which is
available for download at:

http://www.nxp.com/acrobat_download/literature/9398/39340011.pdf

1°C read operations are also performed in byte increments separated by an ACK. Read
operations also begin with the MSB and each byte is sent out unless a STOP command
or NACK is received prior to completion.

The following examples show how to write and read data to and from the IC. The host
initiates and terminates all communication. The host sends a master command packet
after driving the start condition. The device responds to the host if the master command
packet contains the corresponding slave address. In the following examples, the device
is shown always responding with an ACK to transmissions from the host. If at any time
a NACK is received, the host should terminate the current transaction and retry the
transaction.
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12C write example host can also drive
" ist t ; . another START
device address register address master driven data instead of STOP
1 T T 11 1 T T 1T 11 T _T_ T T T T
SDA|S| |0|A| |A| DATASbyteO) |A|P|
T T N N | TN T N N T B | L1 11
-t [
START condition R/W acknowledge acknowledge STOP
acknowledge from slave from slave  condition
from slave
12C read example host can also drive
. . . . another START
device address register address device address PMIC driven data instead of STOP
L L LI B I B N B | T T T T 1 T 1T T 1 11
son s [o]4] [+]s] [ ]+ ]
T R T B | TN T T N T B | T TR N N | TN T T T B |
1 T K
START condition R/W acknowledge START condition R/W no acknowledge STOP
acknowledge from slave acknowledge from slave  condition
from slave from slave aaa-026501
. 2
Figure 13. I°C sequence

10 PF1510 state machine

The PMIC part of the PF1510 can operate in a number of states as shown in Figure 14.
The states can be split into two categories:

1. “