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Power management integrated
circuit (PMIC) for i.MX 7 & i.MX 6SL/
SX/UL

The PF3000 is a power management integrated circuit (PMIC) designed
specifically for use with the NXP i.MX 7 and i.MX 6SL/SX/UL application
processors. With up to four buck converters, six linear regulators, RTC supply,
and coin-cell charger, the PF3000 can provide power for a complete system,
including applications processors, memory, and system peripherals. This device
is powered by SMARTMOS technology.

Features:

Four adjustable high efficiency buck regulators: 1.75 A, 1.5 A, 1.25A, 1.0 A
Selectable modes: PWM, PFM, APS

5.0 V, 600 mA boost regulator with PFM or auto mode

Six adjustable general purpose linear regulators

Input voltage range: 2.8 Vto4.5Vor3.7Vto 55V

OTP (One Time Programmable) memory for device configuration
Programmable start-up sequence and timing

» Selectable output voltage, frequency, soft start

12C control

Coin cell charger and always ON RTC supply

DDR reference voltage

-40 °C to +125 °C operating junction temperature
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Figure 1. PF3000 Simplified Application Diagram

* This document contains certain information on a new product.
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1 Orderable parts

ORDERABLE PARTS

The PF3000 is available with pre-programmed OTP memory configurations. The devices are identified using the program codes from

Table 1. Details of the OTP programming for each device can be found in Table 42.

Table 1. Orderable part variations

Part number Temperature (Tp) Package Programming options Notes
MC32PF3000A0EP 0 - Not programmed
MC32PF3000A1EP 1 (.MX 7 with DDR3L)
MC32PF3000A2EP 2 (i.MX 7 with LPDDR3)
MC32PF3000A3EP 40°C o 85 °C SSASAGDT19D, 48 OFN 7.0 mm « 3 (i.MX 6SX with DDR3L)
MC32PF3000A4EP (For use _in Qonsumer 7.0 mm witi1 exposed bad 4 (i.MX 6SX with DDR3) M, @
MC32PF3000A5EP applications) 5 (i.MX 6SL with LPDDR?)
MC32PF3000A6EP 6 (i.MX 6UL with LPDDR2)
MC32PF3000A7EP 7 (i.MX 6UL with DDR3L)
MC32PF3000A8EP 8 (i.MX 6UL with DDR3)
MC33PF3000A0ES 0 - Not programmed
MC33PF3000A3ES 3 (i.MX 6SX with DDR3L)
MC33PF3000A4ES (Fo}438;0i:0A L(t)jmgt | 9BASA00933D, 48 QFN 7.0 mm x 4 (i.MX 6SX with DDR3) o @
MC33PF3000A5ES applications) 7.0 mm WF-type (wettable flank) 5 (i.MX 6SL with LPDDR2) ’
MC33PF3000A6ES 6 (i.MX 6UL with LPDDR2)
MC33PF3000A7ES 7 (i.MX 6UL with DDR3L)
MC34PF3000A0EP 0 - Not programmed
MC34PF3000A1EP 1 (i.MX 7 with DDR3L)
MC34PF3000A2EP 2 (i.MX 7 with LPDDR3)
MC34PF3000A3EP 40 °C 1o 105 °C S ASAOOT19D, 48 QPN 7.0 mm x 3 (i.MX 6SX with DDR3L)
MC34PF3000A4EP (For use in Industrial 7.0 mm with exposed pad 4 (i.MX 6SX with DDR3) m,@
MC34PF3000A5EP applications) 5 (i.MX 6SL with LPDDR2)
MC34PF3000A6EP 6 (i.MX 6UL with LPDDR2)
MC34PF3000A7EP 7 (i.MX 6UL with DDR3L)
MC34PF3000A8EP 8 (i.MX 6UL with DDR3)

Notes

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

2. The programming options specified in this table are reference for customer application. The part number selection should match the board power

tree design. Table 42 provides details of the OTP programming for each device.

PF3000
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GENERAL DESCRIPTION

2 General description

The PF3000 is the power management integrated circuit (PMIC) designed primarily for use with NXP’s i.MX 7 series of multi-media
application processors. It is also capable of providing full power solution to i.MX 6SL/SX/UL processors.

2.1 Features

This section summarizes the PF3000 features.
* Input voltage range to PMIC: 2.8 Vt0 4.5V, 0or3.7Vto 5.5V ®)
* Buck regulators
» Configurable three to four channels
+ SW1A/B, 2.75 A (single); 0.7 Vto 1.425V, 1.8 V, 3.3V
*+ SW1A, 1.0 A (independent); 0.7 V to 1.425V, 1.8V, 3.3V
+ SW1B 1.75 A (independent); 0.7 V to 1.475 V
« SW2,1.25A;150Vt01.85Vor250Vto3.30V
+ SW3,1.5A;090Vto1.65V
« Dynamic voltage scaling
* Modes: PWM, PFM, APS
» Programmable output voltage
* Programmable current limit
* Programmable soft start sequence
* Programmable PWM switching frequency
Boost regulator
+ SWBST, 5.0t05.15V, 0.6 A, OTG support
* Modes: PFM and Auto
* OCP fault interrupt
* LDOs
+ VCC_SD,1.8Vto1.85Vor285Vto3.30V, 100 mA based on SD_VSEL
» V33,2.85V103.30V, 350 mA
+ VLDO1, 1.8V 1t03.3V, 100 mA
+ VLDO2, 0.80 V to 1.55V, 250 mA
+ VLDO3, 1.8V t0 3.3V, 100 mA
+ VLDO4, 1.8V to 3.3V, 350 mA
» Always ON RTC Regulator/Switch VSNVS 3.0 V, 1.0 mA
» DDR memory reference voltage, VREFDDR, 0.5V t0 0.9V, 10 mA
* OTP (One time programmable) memory for device configuration, user-programmable start-up sequence and timing
« Battery backed memory including coin cell charger
« 12C interface
» User programmable standby, sleep/LPSR, and Off modes

Notes
3. 2.8V1to4.5VwhenVINis used atinput. 3.7 V to 5.5 V when VPWR is used as input.

PF3000
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2.2 Functional block diagram

PF3000 functional internal block diagram
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Figure 2. Functional block diagram
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INTERNAL BLOCK DIAGRAM

3 Internal block diagram
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Figure 3. PF3000 simplified internal block diagram
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PIN CONNECTIONS

Pin connections

4

Pinout diagram
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PIN CONNECTIONS

4.2

Table 2. Pin definitions

Pin definitions

Pin number Pin name P"T Type Definition
function

1 INTB (0] Digital Open drain interrupt signal to processor
Input from i.MX processor to select VCC_SD regulator voltage

2 SD_VSEL I/0 Digital +SD_VSEL=0,VCC_SD=2.85V1t03.3V

«SD_VSEL=1,VCC_SD=18V1t01.85V

3 RESETBMCU O Digital Open drain reset output to processor

4 STANDBY | Digital Standby input signal from processor

5 ICTEST | Digital and Reserved pin. Connect to GND in application

Analog

SWH1A output voltage feedback pin. Route this trace separately from the high current

6 SW1AFB ) | Analog path and terminate at the output capacitance or near the load, if possible for best
regulation

7 SW1AIN @ | Analog Input to _SW1A regulator. Bypass with .at least a 4.7 MUF ceramic capacitor and a 0.1 pF
decoupling capacitor as close to the pin as possible
Switcher 1A switch node connection. Connect to SW1A inductor when used in SW1A

8 SW1ALX ) (0] Analog independent mode. Connect to SW1BLX and connect to SW1AB inductor when using
SW1A/B as a single regulator
Switcher 1B switch node connection. Connect to SW1B inductor when used in SW1B

9 SW1BLX ) O Analog independent mode. Connect to SW1ALX and connect to SW1AB inductor when using
SWH1A/B as a single regulator

10 SW1BIN @ | Analog Input to _SW1 B regulator. Bypass with .at least a 4.7 MUF ceramic capacitor and a 0.1 yF
decoupling capacitor as close to the pin as possible

1 SW1BFB @ | Analog SW1B output yoltage feedback pin. unte this trace separgtely frpm the high curren‘t
path and terminate at the output capacitor or near the load, if possible for best regulation

12 GNDREF1 GND GND Ground reference for SW1A/B. Connect to GND. Keep away from high current ground
return paths

13 VLDO1IN | Analog VLDQ1 input supply. Bypass with a 1.0 yF decoupling capacitor as close to the pin as
possible

14 VLDO1 O Analog VLDO1 regulator output. Bypass with a 2.2 yF ceramic output capacitor

15 VLDO2 O Analog VLDO2 regulator output. Bypass with a 4.7 yF ceramic output capacitor

16 VLDO2IN | Analog VLDQZ input supply. Bypass with a 1.0 yF decoupling capacitor as close to the pin as
possible

17 sSwaLx “4) O Analog Switcher 2 switch node connection.Connect to SW2 inductor

18 SW2IN @ | Analog Input to _SW2 regglator. Bypass with a_t least a 4._7 UF ceramic capacitor and a 0.1 yF
decoupling capacitor as close to the pin as possible

19 SW2FB @) | Analog SW2 outp_)ut voltage feedback pin. _Route this trace sepa_rately f_rom the high curren_t path
and terminate at the output capacitor or near the load, if possible for best regulation

20 VLDO3 O Analog VLDO3 regulator output. Bypass with a 2.2 yF ceramic output capacitor

21 VLDO34IN | Analog VLDQS and VLDO4 input supply. Bypass with a 1.0 yF decoupling capacitor as close to
the pin as possible

22 VLDO4 O Analog VLDOA4 regulator output. Bypass with a 2.2 yF ceramic output capacitor

23 VHALF | Analog Half supply reference for VREFDDR. Bypass with 0.1 pF to ground.
VREFDDR regulator input. Connect a 0.1 yF capacitor between VINREFDDR and

24 VINREFDDR I Analog VHALF pin. Ensure there is at least 1.0 yF net capacitance from VINREFDDR to ground

25 VREFDDR (0] Analog VREFDDR regulator output.Bypass with 1.0 yF to ground

PF3000
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Table 2. Pin definitions (continued)

PIN CONNECTIONS

Reference ground for SW2 and SW3 regulators. Connect to GND. Keep away from high

26 GNDREF2 GND GND
current ground return paths
27 SW3FB @) Analog SW3 output voltage feedback pin. Route this trace sepa_rately f_rom the high curren.t path
and terminate at the output capacitor or near the load, if possible for best regulation
28 SW3IN @ | Analog Input to .SW3 regglator. Bypass with aF least a 4._7 WF ceramic capacitor and a 0.1 uF
decoupling capacitor as close to the pin as possible
29 SwaLX “4) (0] Analog Switcher 3 switch node connection. Connect the SW3 inductor
30 LDOG o Analog Conn_ect to gate of front-end LDO external pass P-MOSFET. Leave floating if VPWR
LDO is not used
31 VPWR | Analog Input to optional front-end VPWR LDO for systems with input voltage > 4.5V
32 V33 (0] Analog V33 regulator output. Bypass with a 4.7 yF ceramic output capacitor
33 VCC_SD (0] Analog Output of VCC_SD regulator. Bypass with a 2.2 yF ceramic output capacitor.
34 VSNVS (0] Analog VSNVS regulator/switch output. Bypass with 0.47 pyF capacitor to ground.
35 SWBSTLX @ e Analog (?i\(/)\:szT switch node connection. Connect to SWBST inductor and anode of Schottky
36 LICELL 1/0 Analog Coin cell supply input/output. Bypass with 0.1 uF capacitor. Connect to optional coin cell.
() SWBST output voltage feedback pin. Route this trace separately from the high current
37 SWBSTFB I Analog path and terminate at the output capacitor
Input to VCC_SD, V33 regulators and SWBST control circuitry. Connect to VIN rail and
38 VINZ Analog bypass with 10 yF capacitor
39 VDDOTP ?&%g?cl);‘ Supply to program OTP fuses. Connect VDDOTP to GND during normal application
40 GNDREF GND GND Ground reference for IC core circuitry. Connect to ground. Keep away from high current
ground return paths
41 VCORE (0] Analog Internal analog core supply. Bypass with 1 yF capacitor to ground
Main IC supply. Bypass with 1.0 yF capacitor to ground. Connect to system input supply
42 VIN Analog if voltage < 4.5 V. Connect to drain of external PFET when VPWR LDO is used for
systems with input voltage > 4.5V
43 VCOREDIG (0] Analog Internal digital core supply. Bypass with 1.0 pyF capacitor to ground
44 VCOREREF (0] Analog Main band gap reference. Bypass with 220 nF capacitor to ground
45 SDA 110 Digital I2C data line (open drain). Pull up to VDDIO with a 4.7 kQ resistor
46 SCL I Digital I2C clock. Pull up to VDDIO with a 4.7 kQ resistor
Supply for 12C bus. Bypass with 0.1 yF ceramic capacitor. Connect to 1.7 to 3.6 V
47 VbDIO I Analog supply. Ensure that VDDIO is always lesser than or equal to VIN
48 PWRON | Digital Power ON/OFF input from processor
Expose pad. Functions as ground return for buck and boost regulators. Tie this pad to
- EP GND GND . : ) o R
the inner and external ground planes through vias to allow effective thermal dissipation
Notes

4. Unused switching regulators should be connected as follows: Pins SWxLX and SWxFB should be unconnected and Pin SWxIN should be
connected to VIN with a 0.1 uF bypass capacitor.

PF3000

NXP Semiconductors




GENERAL PRODUCT CHARACTERISTICS

5 General product characteristics

5.1 Absolute maximum ratings

Table 3. Absolute maximum voltage ratings

All voltages are with respect to ground, unless otherwise noted. Exceeding these ratings may cause malfunction or permanent damage
to the device. The detailed maximum voltage rating per pin can be found in the pin list section.

Symbol Description Value Unit Notes
Electrical ratings
VPWR, ICTEST, LDOG, SWBSTLX - -0.3t0 7.5 \
VIN, VIN2, VLDO1IN, SW1AIN, SW1BIN,
SW2IN, SW3IN, SW1ALX, SW1BLX, SW2LX, | — -0.3t04.8 Vv
SW3LX
VDDOTP OTP programming input supply voltage -0.3t0 10.0 \% ®)
SWBSTFB Boost switcher feedback -0.3t05.5 Y

INTB, SD_VSEL, RESETBMCU, STANDBY,
SW1AFB, SW1BFB, SW2FB, SW3FB, VLDO1,
VLDOZ2IN, VLDO3, VLDO34IN, VLDO4, VHALF,

VINREFDDR, VREFDDR, V33, VCC_SD, | ~ 031036 v
VSNVS, LICELL, VCORE, SDA, SCL, VDDIO,
PWRON
VLDO2 VLDO2 linear regulator output -0.3t0 2.5 \%
VCOREDIG Digital core supply voltage output -0.3t0 1.65
VCOREREF Bandgap reference voltage output -0.3t0 1.5 \%
ESD ratings
VEsp * Human body model +2000 \Y ©)
» Charge device model +500

Notes
5. 10 V maximum voltage rating during OTP fuse programming. 7.5 V maximum DC voltage rated otherwise.
6. ESD 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).

PF3000
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GENERAL PRODUCT CHARACTERISTICS

5.2 Thermal Characteristics

Table 4. Thermal ratings

Symbol Description (rating) Min. Max. Unit Notes

Thermal Ratings

Ambient operating temperature range

Ta * Industrial version -40 105 °C
» Consumer version -40 85
T, Operating junction temperature range -40 125 °C ™
TsT Storage temperature range -65 150 °C
TepRT Peak package reflow temperature - © °C ® O

QFN48 thermal resistance and package dissipation ratings

Junction to ambient, natural convection

Rgua » Four layer board (2s2p) - 24 °C/W (12)

* Eight layer board (2s6p) - 15
Ress Junction to board - 11 °CIW (3)
ReycsoTTOM Junction to case bottom - 1.4 °C/W a4

T Junction to package top : 13 SCIW (15)
» Natural convection

Notes

7. 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.

8. 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.

9. 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 www.nxp.com, search by part number (remove prefixes/suffixes) and enter the core ID to view all orderable
parts, and review parametrics.

10. 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.

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

12. Per JEDEC JESD51-6 with the board horizontal.

13. 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.

14. Thermal resistance between the die and the case top surface as measured by the cold plate method (MIL SPEC-883 Method 1012.1).

15. Thermal characterization parameter indicating the temperature difference between package top and the junction temperature per JEDEC
JESD51-2. When Greek letters (V) are not available, the thermal characterization parameter is written as Psi-JT.

PF3000
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GENERAL PRODUCT CHARACTERISTICS

5.3  Current consumption

The current consumption of the individual blocks is described in detail in the following table.

Table 5. Current consumption summary

Tp=-40 °C to 105 °C, Vpyr= 0 V (External pass FET is not populated), V|y=3.6 V, Vppio =1.7V1t0 3.6 V, Licg . = 1.8 V10 3.3V,
Vgnvs = 3.0V, typical external component values, unless otherwise noted. Typical values are characterized at VIN =3.6 V, Vpyyr =0 V,
Vopio =33V, LicgLL = 3.0V, Vgnys = 3.0 V and 25 °C, unless otherwise noted.

Mode PF3000 conditions System conditions Typ. Max. Unit Notes

VSNVS from LICELL, All other blocks

Coin cell off. Viy = 0.0 V. No load on VSNVS 4.0 7.0 HA (16) (17)

VSNVS from VIN or LICELL
Wake-up from PWRON active
Off 32 kHz RC on

All other blocks off

VIN = UVDET

VSNVS from VIN

Wake-up from PWRON active
Trimmed reference active
SW3 PFM. All other regulators off. No load on any of the regulators.
Sleep LPSR Trimmed 16 MHz RC off
32 kHz RC on
VREFDDR disabled

No load on VSNVS, PMIC able to

(16) (17)
wake-up 16 25 UHA

130 (16)

200.19) 200 (16) WA (18)

LDO1 & LDO3 activated in addition to 170 (16) (16) (18)
SW3 No load on any of the regulators. 260 (19) 248 UHA

VSNVS from either VIN or LICELL
SW1A in PFM

SW1B in PFM

SW2 in PFM

SW3in PFM

'Sl'x\r{r?n?;do& MHz RC enabled No load on any of the regulators. 297 450 HA (18)
Trimmed reference active
VLDO1-4 enabled

V33 enabled

VCC_SD enabled
VREFDDR enabled

VSNVS from VIN
SW1A in APS
SW1B in APS
SW2 in APS
SW3in APS

ON _er\r/anil'do:fs MHz RC enabled No load on any of the regulators. 1.2 mA
Trimmed reference active
VLDO1-4 enabled

V33 enabled

VCC_SD enabled

VREFDDR enabled

Standby

Notes
16. At 25 °C only.
17.  When V y is below the UVDET threshold, in the range of 1.8 V <V < 2.65 V, the quiescent current increases by 50 pA, typically.
18. For PFM operation, headroom should be 300 mV or greater.
19. At 105 °C only.

PF3000
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GENERAL PRODUCT CHARACTERISTICS

5.4 Electrical characteristics

Table 6. Electrical characteristics — front-end input LDO

All parameters are specified at Ty =-40 °C to 105 °C, Vpyyr = 5.0 V, V| = 4.4V, Iy = 300 mA, typical external component values, unless
otherwise noted. Typical values are characterized at Vpyyg = 5.0V, V|y=4.4 V, lyy = 300 mA, and 25 °C, unless otherwise noted.

Symbol Parameter Min. Typ. Max. Unit Notes
Front end input LDO (VPWR LDO)
Operating input voltage
Vpwr * In regulation 4.6 - 5.5 \ (20)
« In dropout operation 3.7 - 4.6
On mode output voltage, 4.6 V < Vpyg <5.5V
ViN 0.0 MA < Iy < 3000 mA 43 44 4.55 \Y
N Operating load current at VIN, 3.7 V < Vpyyr < 5.5V 0.0 - 3.0 A
I boGa ON mode quiescent current, no load, - 5.0 10 mA
Low-power mode output voltage, 4.6 V < Vpyr <55V
Vin 0.0 MA < lyyy < 1.0 mA 3.7 45 v
v Off mode output voltage, (CL = 100 uF) 4.6 V< Vpyr <55V, 3.2 48 v
IN_OFF 0.0 mA < |V|N <35 LLA ' ’
lLboaLp Low-power mode quiescent current, no load (Standby/Sleep/LPSR _ 150 300 WA
states)
vV VPWR undervoltage threshold (upon undervoltage condition the 3.1 _ 37 v
PWRUV external pass FET is turned off) : .
v VPWR overvoltage threshold (upon overvoltage condition interrupt is 55 _ 6.5 v
PWROV asserted at INTB) : .
iNuvILIMIT VPWR LDO current limit under VIN short-circuit (V| < UVDET) - - 300 mA
| Reverse leakage current from VIN to VPWR, No external pass FET, _ _ 10 A
VINLEAKAGE VPWR is grounded, device is in OFF state . H
lVPWROFF VPWR LDO Off mode quiescent current - - 75 HA @1

Notes

20. While the front end LDO can handle spikes up to 7.5 V at VPWR for as long as 200 ps, the circuit is not expected to be continuously operated
when VPWR is above 5.5 V.

21. This specification gives the leakage current in the VPWR LDO block. Total OFF mode current includes the quiescent current from the other blocks
as specified in Table 5.

PF3000
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GENERAL PRODUCT CHARACTERISTICS

Table 7. Static electrical characteristics — SW1

All parameters are specified at Ty =-40 °C to 105 °C, V|y = VswixiN = 3.6 V, Vawix = 1.2V, Isw1x = 100 mA, typical external component
values, fgy1x = 2.0 MHz, unless otherwise noted. Typical values are characterized at V| = Vgw1xn = 3.6 V, Vawix= 1.2V,
Iswix = 100 mA, and 25 °C, unless otherwise noted.

Symbol Parameter Min. Typ. Max. Unit Notes
Switch mode supply SW1A/B (single phase)
xSWWN Operating input voltage 2.8 - 45 \Y; (22). (23)
SW1BIN
VswiaB Nominal output voltage - Table 53 - \Y
Output voltage accuracy
+ PWM, APS, 2.8 V < Vgpyixn <4.5V, 0 <lgwiag <2.75 A 25 25 mv
0.7V <Vgwiag 1.2V
M PFM, APS, 28V< VSW1X|N <45 V, 0< ISW1AB < 2.75A -25 35 mV
1.225V < Vgwiag < 1425V
VSW']ABACC < PFM, steady state, 2.8 V < VSW1X|N <45V,0< ISW1AB <150 mA -45 - 45 mV
1.8V <Vgwiag £ 1425V
« PWM, APS, 2.8V < VSVV1X|N <45V,0< ISW1AB < 2.75A -6.0 6.0 %
1.8V <Vgwiag <3.3V
« PFM, steady state, 2.8 V < Vgyian < 4.5V, 0 < Isy1ag < 150 mA 6.0 6.0 %
1.8V <Vgwiag<3.3V
Rated output load current,
lswias +2.8V <Vawian <45V, 0.7V < Vgpyiag < 1425V, 1.8V, 3.3V 2750 - - mA
Quiescent current
ISW1ABQ * PFM mode - 22 - HA
* APS mode - 300 -
Current limiter peak current detection , current through inductor
ISW1ABL|M « SW1xILIM =0 3.5 55 7.5 A
* SW1XILIM =1 2.6 4.0 5.4
AVswias Output ripple - 5.0 - mv
Rsw1ABDIS Discharge resistance - 600 - Q
Switch mode supply SW1A (independent)
Vaw1AIN Operating input voltage 2.8 - 45 % (22), (23)
Vswia Nominal output voltage - Table 53 - \Y
Output voltage accuracy
+ PWM, APS, 2.8 V < Vgpy1an <45V, 0<Igyia<1.0A 25 25 mv
0.7V<Vgpyias1.2V
« APS,3.0V< VSW1A|N <36V,0.01A< ISW‘IA <0.75A 25 25 mv
Vowia=1.225V, Tp=0°Cto 85°C
« PWM, APS, 2'8V<VSW1A|N <45V,0< ISW1A< 1.0A -25 35 mV
Vswiaace 1225V <Vgpyia £ 1425V -
. PFM, Steady state, 28V < VSW1A|N <45 V, 0< ISW1A <50 mA -45 45 mV
0.7 V< Vgw1a < 1.425V
« PWM, APS, 2.8V < Vgpyain <45V, 0 <lgpyia< 1.0 A 6.0 6.0 %
1.8V <Vgwia <33V
- PFM, steady state, 2.8 V < Vgyyian < 4.5V, 0 < Igyy1a < 50 mA -6.0 6.0 %
1.8V <Vgpyia<3.3V
| Rated output load current 1000 A
SW1A 28V< VSW1A|N <45V,0.7V< VSW1A <1425V, 1.8V, 3.3V - - m
Switch mode supply SW1a (independent) (Continued)
Quiescent current
Isw1iaQ * PFM mode - 50 - uA
* APS mode - 250 -

PF3000
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Table 7. Static electrical characteristics — SW1 (continued)

All parameters are specified at Ty = -40 °C to 105 °C, V|N = VswixiN = 3.6 V, Vawix = 1.2V, Isw1x = 100 mA, typical external component
values, fgy1x = 2.0 MHz, unless otherwise noted. Typical values are characterized at V|y = Vgw1xn = 3-6 V, Vawix = 1.2V,
Iswix = 100 mA, and 25 °C, unless otherwise noted.

GENERAL PRODUCT CHARACTERISTICS

Symbol Parameter Min. Typ. Max. Unit Notes
Current limiter peak current detection, current through inductor
Isw1aLIM * SW1AILIM =0 1.78 2.75 3.7 A
* SW1AILIM =1 1.3 2.0 2.7
AVgswia Output Ripple - 5.0 - mV
RONSW1AP SW1A P-MOSFET RDSON‘ at VSW']AlN =33V - 265 295 mQ
RONSW1AN SW1A N-MOSFET RDSON’ at VSVV1A|N =33V — 300 370 mQ
IswiaPQ SW1A P-MOSFET leakage current, Vgywian = 4.5V - _ 105 LA
Isw1aNQ SW1A N-MOSFET leakage current, Vgyan = 4.5V - - 3.5 pA
Rsw1apis Discharge resistance - 600 - Q
Switch mode supply SW1B (independent)
Vsw1BIN Operating input voltage 2.8 - 45 v (24), (25)
Vswis Nominal output voltage - Table 53 - \Y
Output voltage accuracy
« PWM, APS, 2'8V<VSW1B|N <45V,0< ISW1B< 1.75A 25 25
0.7V <Vgwig <12V
VswiBACC * PWM, APS, 2.8V < Vgyigin <4.5V,0<Igwig <1.75A -25 - 35 mV
1.225V < VSW1B <1475V
*« PFM, steady state 2.8 V < VSW1B|N <45V,0< ISW1B <50 mA -45 45
0.7V <Vgw1g <1475V
| Rated output load current 1750 A
sw1B 2.8V <Vgwipin<4.5V,0.7V <Vgpyg< 1475V - B m
Quiescent current
ISW1BQ * PFM mode - 50 - HA
» APS mode - 150 -
Current limiter peak current detection, current through inductor
lsw1BLIM * SW1BILIM =0 24 3.50 4.725 A
* SW1BILIM =1 1.725 2.65 3.575
AVswiB Output ripple - 5.0 - mV
RONSW1BP SW1B P-MOSFET RDSON’ at VSVV1B|N =33V - 195 225 mQ
RONSW1BN SW1B N-MOSFET RDSON! at VSW1B|N =33V — 228 295 mQ
Isw1isPQ SW1B P-MOSFET leakage current, Vgy1giny = 4.5V - - 12 A
Isw1BNQ SW1B N-MOSFET leakage current, Vgygin = 4.5V - - 4.0 pA
Rsw1BDIs Discharge resistance during OFF mode - 600 - Q
Notes

22. The maximum operating input voltage is 4.55 V when VPWR LDO is used.
23.  Minimum operating voltage is 2.8 V with a valid LICELL voltage (1.8 V to 3.3 V). Minimum operating voltage is 3.1 V when no voltage is applied
at the LICELL pin. If operation down to 2.8 V is required for systems without a coin cell, connect the LICELL pin to any system voltage between
1.8 V and 3.3 V. This voltage can be an output from any PF3000 regulator, or external system supply.
24. The maximum operating input voltage is 4.55 V when VPWR LDO is used.
25.  Minimum operating voltage is 2.8 V with a valid LICELL voltage (1.8 V to 3.3 V). Minimum operating voltage is 3.1 V when no voltage is applied
at the LICELL pin. If operation down to 2.8 V is required for systems without a coin cell, connect the LICELL pin to any system voltage between
1.8 V and 3.3 V. This voltage can be an output from any PF3000 regulator, or external system supply.
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GENERAL PRODUCT CHARACTERISTICS

Table 8. Dynamic electrical characteristics - SW1

All parameters are specified at Ty =-40 °C to 105 °C, V| = VawixiN = 3.6 V, Vawix = 1.2V, Isw1x = 100 mA, typical external component
values, fgyw1x = 2.0 MHz, unless otherwise noted. Typical values are characterized at V| = Vowixn = 3:6 V, Vawix = 1.2V, Iswix =

100 mA, and 25 °C, unless otherwise noted.

Symbol Parameter Min. Typ. Max. Unit Notes
Switch mode supply SW1A/B (single phase)
v Start-up overshoot, Isyy1ag = 0 MA, DVS clk = 25 mV/4 ps, V|\ = 66 v
SW1ABOSH VSW1X|N =45 V, VSVV1AB =1425V B N "
¢ Turn-on time, enable to 90% of end value, Igy1ag = 0 MA, DVS clk = 500
ONSW1AB 25 mV/4 us, Vin = Vewixin = 4.5 V, Vewiag = 1.425 V - - HS
Switch mode supply SW1A (independent)
v Start-up overshoot, ISW1A = 0 mA, DVS clk = 25 mV/4.0 ps, V|y = 66 Iy
SW1AOSH VSW1A|N =45 V, VSW']A =1.425V
¢ Turn-on time, enable to 90% of end value, Igy1a = 0 MA, DVS clk = 500
ONSW1A 25 mV/4.0 us, V|N = VSW1A|N =45 V, VSW1A =1425V - - Hs
Switch mode supply SW1B (independent)
vV Start-up overshoot, Igy1g = 0 mA, DVS clk = 25 mV/4.0 us, V|\ = 66 Vv
SW1BOSH VSW1B|N =45 V, VSW1B =1.475V - - m
¢ Turn-on time, enable to 90% of end value, Igy1g = 0 mA, DVS clk = 500
ONSW1B 25 mV/4 ps, Viy = Vewiain = 4.5 V, Ve = 1.475 V - - Hs

Table 9. Static electrical characteristics — SW2

All parameters are specified at Ty = -40 °C to 105 °C, V|y = Vswain = 3.6 V, Vg2 = 3.15 V, Iy = 100 mA, typical external component
values, fgy2 = 2.0 MHz, unless otherwise noted. Typical values are characterized at V|y = Vgyan = 3.6 V, Vg2 =3.15 V, gy = 100 mA,
and 25 °C, unless otherwise noted.

Symbol Parameter Min. Typ. Max. Unit Notes

Switch mode supply SW2

Vswain Operating input voltage 2.8 - 45 v (26), (27)

Vsw2 Nominal output voltage - Table 55 - \%

Output voltage accuracy
* PWM, APS, 2.8 V< Vgpon<4.5V,0<Igpr<1.25A
*1.50V<Vgpy2<185V -3.0% - 3.0%
VSWZACC «25V< VSW2 <33V -6.0% - 6.0%
* PFM, 2.8 V< Vgpon<4.5V, 0 <Igpyo <50 mA %
*1.50V<Vgy»<185V -6.0% - 6.0%
*25V<Vgyp<33V -6.0% - 6.0%

Rated output load current, 2.8 V < Vgyon<4.5V,

- - (28)
lswa 1.50 V < Vg2 < 1.85V, 2.5V < Vgup < 3.3V 1250 mA

Quiescent current
* PFM mode - 23 -
* APS mode (low output voltage settings) - 145 -
* APS mode (high output voltage settings, SW2_HI=1) - 305 -

Iswzq HA

Notes

26. The maximum operating input voltage is 4.55 V when VPWR LDO is used.

27. Minimum operating voltage is 2.8 V with a valid LICELL voltage (1.8 V to 3.3 V). Minimum operating voltage is 3.1 V when no voltage is applied at
the LICELL pin. If operation down to 2.8 V is required for systems without a coin cell, connect the LICELL pin to any system voltage between 1.8 V
and 3.3 V. This voltage can be an output from any PF3000 regulator, or external system supply.

28. The higher output voltages available depend on the voltage drop in the conduction path as given by the following equation: (Vgywain - Vsw2) = lsw2*
(DCR of Inductor +Rgnswop + PCB trace resistance).
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GENERAL PRODUCT CHARACTERISTICS

Table 9. Static electrical characteristics — SW2 (continued)

All parameters are specified at Ty = -40 °C to 105 °C, V|y = Vswain = 3.6 V, Vg2 = 3.15 V, Iy = 100 mA, typical external component
values, fgyy2 = 2.0 MHz, unless otherwise noted. Typical values are characterized at V| = Vgyon=3.6 V, Vg2 =3.15 V, Igy2 = 100 mA,
and 25 °C, unless otherwise noted.

Symbol Parameter Min. Typ. Max. Unit Notes
Switch mode supply SW2 (continued)
Current limiter peak current detection, current through inductor
lswaLim * SW2ILIM =0 1.625 25 3.375 A
* SW2ILIM =1 1.235 1.9 2.565

AVgw2 Output ripple - 5.0 - mV
Ronswap SW2 P-MOSFET Rpson at ViN = Vswain = 3.3V - 215 245 mo
Ronswzn SW2 N-MOSFET Rpson at Vswain = Vswain = 3.3V - 258 326 mQ
Iswopa SW2 P-MOSFET leakage current, V|y = Vswain = 4.5V - - 10.5 pA
Isw2na SW2 N-MOSFET leakage current, Vi = Vgwain = 4.5V - - 3.0 pA
Rsw2pis Discharge resistance during OFF mode - 600 - Q

Table 10. Dynamic electrical characteristics - SW2

All parameters are specified at Ty = -40 °C to 105 °C, V|y = Vgwain = 3.6 V, Voo = 3.15 V, ISW2 = 100 mA, typical external component
values, fgyy2 = 2.0 MHz, unless otherwise noted. Typical values are characterized at V|y = Vgwoin = 3.6 V, Vg2 =3.15 V, Igpy2 = 100 mA,
and 25 °C, unless otherwise noted.

Symbol Parameter Min. Typ. Max. Unit Notes

Switch mode supply SW2

v Start-up overshoot, Iy, = 0.0 mA, DVS clk = 25 mV/4 us, V|y = 66 v
SW20SH Vswain = 4.5V - - m

¢ Turn-on time, enable to 90% of end value, Igy, = 0.0 mA, DVS clk = 500
ONSW2 25 mV/4 us, Vin = Vawain = 4.5 V - - HS

Table 11. Static electrical characteristics — SW3

All parameters are specified at Ty =-40 °C to 105 °C, V|y = Vswain = 3.6 V, Vg3 = 1.5V, Igywsz = 100 mA, typical external component
values, fgyy3 = 2.0 MHz. Typical values are characterized at V iy = Vgwain = 3.6 V, Vg3 = 1.5V, Igyy3 = 100 mA, and 25 °C, unless
otherwise noted.

Symbol Parameter Min. Typ. Max. Unit Notes

Switch mode supply SW3

VswaiN Operating input voltage 2.8 - 4.5 \Y (29), (30)

Vsws Nominal output voltage - Table 57 - \

Output voltage accuracy
* PWM, APS, 2.8V <Vgpyan<4.5V,0<Igny3<1.5A 0.9V <Vgys3

- 0, — ()
Vawsace <165V 3.0% 3.0% %
. PFM, Steady state (28 V< VSW3|N <45 V, 0< lSW3< 50 mA), o9V
<Vgws < 1.65V -6.0% - 6.0%
| Rated output load current, 2.8 V < Vgy3ny<4.5V, 0.9V < Vg3 < 1500 B B mA 31)
Sw3 1.65 V, PWM, APS mode

Notes

29. The maximum operating input voltage is 4.55 V when VPWR LDO is used.

30. Minimum operating voltage is 2.8 V with a valid LICELL voltage (1.8 V to 3.3 V). Minimum operating voltage is 3.1 V when no voltage is applied at
the LICELL pin. If operation down to 2.8 V is required for systems without a coin cell, connect the LICELL pin to any system voltage between 1.8 V
and 3.3 V. This voltage can be an output from any PF3000 regulator, or external system supply.

31. The higher output voltages available depend on the voltage drop in the conduction path as given by the following equation: (Vgyain - Vswa) =
Isws”™ (DCR of Inductor +Rgnswap + PCB trace resistance).

PF3000
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GENERAL PRODUCT CHARACTERISTICS

Table 11. Static electrical characteristics — SW3 (continued)

All parameters are specified at Ty = -40 °C to 105 °C, V|y = Vswain = 3.6 V, Vgwsz = 1.5V, Igywsz = 100 mA, typical external component
values, fgy3 = 2.0 MHz. Typical values are characterized at V| = Vgwain = 3.6 V, Vgwsz = 1.5V, Iz = 100 mA, and 25 °C, unless
otherwise noted.

Symbol Parameter Min. Typ. Max. Unit Notes

Switch mode supply SW3 (continued)

Quiescent current

ISW3Q * PFM mode - 50 — “A
* APS mode — 150 —
Current limiter peak current detection, current through inductor
IswaLim * SW3ILIM =0 1.95 3.0 4.05 A
* SW3ILIM =1 1.45 2.25 3.05
AVgw3 Output ripple - 5.0 - mV
RONSW3P SW3 P-MOSFET RDSON at V|N = VSW3|N =33V — 205 235 mQ
RONSW3N SW3 N-MOSFET RDSON at V|N = VSW3|N =33V — 250 315 mQ
Iswapa SW3 P-MOSFET leakage current, Vi = Vaywain = 4.5V - - 12 pA
Iswang SW3 N-MOSFET leakage current, Vi = Vgwain=4.5V - - 4.0 pA
Rswabis Discharge resistance during Off mode - 600 - Q

Table 12. Dynamic electrical characteristics - SW3

All parameters are specified at Ty = -40 °C to 105 °C, V| = Vswain = 3.6 V, Vg3 = 1.5V, Isws = 100 mA, typical external component
values, fgy3 = 2.0 MHz. Typical values are characterized at V|y = Vgwain = 3.6 V, Vgws = 1.5V, Isws = 100 mA, and 25 °C, unless
otherwise noted.

Symbol Parameter Min. Typ. Max. Unit Notes
v Start-up overshoot, Igyz = 0.0 mA, DVS clk =25 mV/4 us, VN = 66 v

SW30SH VSW3IN =45V - - m

; Turn-on time, enable to 90% of end value, Igy3 = 0 mA, DVS clk = 500

ONSW3 25 mV/4 us, Vin = Vawain = 4.5 V - - HS

Table 13. Static electrical characteristics - SWBST

All parameters are specified at TA =-40°Cto 105 °C, VlN = VSWBSTlN =36V, VSWBST =50V, lSWBST =100 mA, typical external
component values, fgywgst = 2.0 MHz, otherwise noted. Typical values are characterized at V|\ = VgywgsTin = 3.6 V, VgwesT= 5.0 V,
IswesT = 100 mA, and 25 °C, unless otherwise noted.

Symbol Parameters Min. Typ. Max. Unit Notes
Switch mode supply SWBST
VswBsTIN Input voltage range 2.8 - 4.5 \% (32), (33)
VswasT Nominal output voltage - Table 59 - \%
Continuous load current
lswesT +28V<V)<s3.0V 500 - - mA
+3.0V<V)y<45V 600 - -
< < <
VaWBSTACE S?Stsvuss\;?\;t:lfe accuracy, 2.8 V<V|y<4.5V, 0 <lIgwgsT 40 B 30 %
IswssTa Quiescent current (auto mode) - 222 289 uA
Notes

32. The maximum operating input voltage is 4.55 V when VPWR LDO is used.

33.  Minimum operating voltage is 2.8 V with a valid LICELL voltage (1.8 V to 3.3 V). Minimum operating voltage is 3.1 V when no voltage is applied at
the LICELL pin. If operation down to 2.8 V is required for systems without a coin cell, connect the LICELL pin to any system voltage between 1.8 V
and 3.3 V. This voltage can be an output from any PF3000 regulator, or external system supply.
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Table 13. Static electrical characteristics - SWBST (continued)

All parameters are specified at Ty =-40 °C to 105 °C, V|y = VswasTiN = 3-6 V, VswesT = 5.0 V, IswesTt = 100 mA, typical external
component values, fgypst = 2.0 MHz, otherwise noted. Typical values are characterized at V|y = VgwaesTin =36 V, VswesTt = 5.0V,
IswesT = 100 mA, and 25 °C, unless otherwise noted.

GENERAL PRODUCT CHARACTERISTICS

Symbol

Parameters Min. Typ. Max. Unit Notes
Switch mode supply SWBST (continued)
Nowsor | o T e e w2 || o |
|SWBSTLIM Peak Current Limit 1400 2200 3200 mA (34)
Rps(on)BsT MOSFET on resistance - 206 306 mQ
IswBSTHSQ NMOS Off leakage, Vswgst = 4.5 V, SWBSTMODE [1:0] = 00 - 1.0 5.0 MA
Notes

34. Only in Auto and APS modes.

Table 14. Dynamic electrical characteristics - SWBST

All parameters are specified at Ty = -40 °C to 105 °C, VIN = VgwasTin = 3.6 V, Vswest = 5.0V, IswesT = 100 mA, typical external
component values, fgywgst = 2.0 MHz, otherwise noted. Typical values are characterized at V|y = VgwgsTin = 3.6 V, VswesT =50V,
IswesT = 100 mA, and 25 °C, unless otherwise noted.

Symbol

Parameter

Min. Typ. Max. Unit Notes
Switch mode supply SWBST
VswBSTOSH Start-up overshoot, Igygst = 0.0 MA - - 500 mv
tonswesT Turn-on time, enable to 90% of VSWBST, ISWBST = 0.0 mA - - 2.0 ms

Table 15. Static electrical characteristics - VSNVS

All parameters are specified at Ty = -40 °C to 105 °C, V|y=3.6 V, Vgnys = 3.0 V, Ignys = 5.0 pA, typical external component values,
unless otherwise noted. Typical values are characterized at V|y = 3.6 V, Vgnys = 3.0 V, Igyys = 5.0 1A, and 25 °C, unless otherwise noted.

Symbol Parameter Min. Typ. Max. Unit Notes
VSNVS
Operating input voltage
ViN « Valid coin cell range 1.8 - 33 v (35)
« Valid V|y 2.25 - 4.5
ISNVS Operating load current, V|NM|N < V|N < V|NMAX 1.0 - 1000 MA
Output voltage
v * 5.0 pA <Ignys < 1000 pA (OFF), 3.20V <V <4.5V -5.0% 3.0 7.0% v
SNVS + 5.0 HA < Igpys < 1000 pA (ON), 3.20 V < Vjy<4.5V -5.0% 3.0 5.0%
«50 ],LA < ISNVS < 1000LLA (Coin cell mode), 2.84V < VCOlN <33V VCO|N_O'10 - VCO|N
VSNVSDROP Dropout voltage, 2.85V <V <2.9V, 1.0 yA < Ignys < 1000 pA - - 110 mV
IsnvsLIM Current limit, Vi > Vryq 1100 - 6750 nA
VSNVS DC, SWITCH
Viicel Operating input voltage, valid coin cell range 1.8 - 3.3 \Y
Isnvs Operating load current 1.0 - 1000 uA
RDS(on)SNVS Internal switch RDS(on)! VCOlN =26V - - 100 Q
Notes
35. The maximum operating input voltage is 4.55 V when VPWR LDO is used
PF3000
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GENERAL PRODUCT CHARACTERISTICS

Table 16. Dynamic electrical characteristics - VSNVS

All parameters are specified at T =-40 °Cto 105 °C, V|y=3.6 V, Vgnys = 3.0 V, Ignys = 5.0 pA, typical external component values, unless
otherwise noted. Typical values are characterized at V|y = 3.6 V, Vgnys = 3.0V, Ignys = 5.0 pA, and 25 °C, unless otherwise noted.

Symbol Parameter Min. Typ. Max. Unit Notes
VSNVS
VanvsToN ;I'/urn-on\;ime (I:gdoc\a/p?citor,zogg pi), from V|y = V1n4 to 90% of B B ” s (36).37)
sNvS: VeoIN = U.UV, Ignys =9.U 1
VsnvsosH Start-up overshoot, Ignyg = 5.0 pA - 40 70 mv
VSNVSLOTR Transient load response, 3.2 <V|y<4.5V, Igyys = 100 to 1000 uA 2.8 - —
V11 V| falling threshold (Vy powered to coin cell powered) 245 2.70 3.05
V1h1 V) rising threshold (coin cell powered to Vy powered) 2.50 2.75 3.10
VhysT1 V| threshold hysteresis for Vry4-V 4 5.0 — _ mv

Output voltage during crossover, Voo > 2.9 V, Switch to LDO: V) >

VSNVSCROSS | Vi Isnys = 100 A, LDO to Switch: Viy < Vi1, lsnys = 100 A 245 - - v

Notes
36. The start-up of Vgnys is not monotonic. It first rises to 1.0 V and then settles to 3.0 V.
37. From coin cell insertion to Vgnys = 1.0 V, the delay time is typically 400 ms.

Table 17. Static electrical characteristics - VLDO1

All parameters are specified at Tp = -40 °C to 105 °C, V|y=3.6 V, V| po1in = 3.6 V, V po1 = 3.3V, I . poq = 10 mA, typical external
component values, unless otherwise noted. Typical values are characterized at VN =3.6 V, V| po1n=3.6 V, V po1 =3.3 V, I po1 =10 mA,
and 25 °C, unless otherwise noted.

Symbol Parameter Min. Typ. Max. Unit Notes
VLDO1 linear regulator
Operating input voltage 28
ViDo1IN *1.8V <V pomnom<25V v - 45 % (38), (39)
*26 V<V poinom<3.3V ';%%gg"" - 4.5
Vi po1NOM Nominal output voltage - Table 62 - \
ILpo1 Rated output load current 100 - - mA
ViboimoL Output voltage tolerance, V| poqinmin < Vipotin <4.5V, 0.0 mA < 30 _ 3.0 %
l.poq <100 mA, VLDO1=1.8Vt0 3.3V
l.po1a Quiescent current, no load, change in I,y when VLDO1 enabled - 13 - uA
I po1LIM Current limit, 1 po4 When V| po is forced to V| po1nom/2 122 167 280 mA

Notes
38. The maximum operating input voltage is 4.55 V when VPWR LDO is used.
39. Minimum operating voltage is 2.8 V with a valid LICELL voltage (1.8 V to 3.3 V). Minimum operating voltage is 3.1 V when no voltage is applied
at the LICELL pin. If operation down to 2.8 V is required for systems without a coin cell, connect the LICELL pin to any system voltage between
1.8 V and 3.3 V. This voltage can be an output from any PF3000 regulator, or external system supply.

PF3000
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GENERAL PRODUCT CHARACTERISTICS

Table 18. Dynamic electrical characteristics - VLDO1

All parameters are specified at Ty =-40 °C to 105 °C, V| =3.6 V, V po1n =36 V, V po1 = 3.3V, I poq = 10 mA, typical external
component values, unless otherwise noted. Typical values are characterized atV|y=3.6 V, V po1n=3.6 V, Vi po1=3.3 V, I po1 =10 mA,
and 25 °C, unless otherwise noted.

Symbol Parameter Min. Typ. Max. Unit Notes

VLDO1 linear regulator
PSRR, I, po1 = 75 mA, 20 Hz to 20 kHz

PSRRVLDO1 «VLDO1=18Vto3.3 V, VLDO1|N = VLDO']lNMlN + 100 mV 35 40 - dB
«VLDO1=18V1to3.3 V, VLDO1|N = VLDO1NOM +10V 52 60 -
OUtpUt noise density, VLDO“N = VLDO1|NM|N’ ILDO'] =75 mA
* 100 Hz to <1.0 kHz - -114 -102
NOISEvioot |4 0 kHz to <10 kHz - -129 23 | 9BVIHZ
* 10 kHz to 1.0 MHz - -135 -130
¢ Turn-on time, enable to 90% of end value, V| po1in = Vipo1inmin tO 60 500
ONLDO1 4.5V, | poq1 = 0.0 mA, all output voltage settings - Hs
Turn-off time, disable to 10% of initial value, VLDO1|N = VLDO1|NM|N'
torFLDO1 oo = 0.0 mA - - 10 ms
LDO1osHT Start-up overshoot, V po1in = Vipo1inmin 10 4.5V, I pos = 0.0 mA - 1.0 2.0 %

Table 19. Static electrical characteristics - VLDO2

All parameters are specified at Ty =-40 °C to 105 °C, V|y=3.6 V, V| poan = 3.0V, V po2 = 1.55 V, I po2 = 10 mA, typical external
component values, unless otherwise noted. Typical values are characterized at V |\ = 3.6 V, V| poain = 3.0 V, Vi po2 = 1.55 V, I po2 =
10 mA and 25 °C, unless otherwise noted.

Symbol Parameter Min. Typ. Max. Unit Notes

VLDO?2 linear regulator

Vi po2IN Operating input voltage 1.75 — 3.40 \Y
Vipo2nOM Nominal output voltage - Table 63 — \Vi
lLpo2 Rated output load current 250 - - mA
Vv Output voltage tolerance, 1.75V < V| pgoin1 < 3.40 V, 0.0 mA < I poo 3.0 B 30 %
Lbo2zTOL <250 mA, VLDO2 = 0.8V to 1.55 V : °
I Quiescent current, no load, change in Iy and Iy pooin: When Vi poo B 16 _ uA
Lbo2Q enabled
ILD02L|M Current limit, ILDOZ when VLD02 is forced to VLDO2NOM/2 333 417 612 mA

Table 20. Dynamic electrical characteristics - VLDO2

All parameters are specified at TA =-40 °C to 105 °C, VIN =3.6 V, V pooin = 3.0 V, V po2 = 1.55 V, | ppoy = 10 mA, typical external
component values, unless otherwise noted. Typical values are characterized at V= 3.6 V, V| pooin = 3.0V, Vi po2 = 1.55V, I pos =
10 mA and 25 °C, unless otherwise noted.

Symbol Parameter Min. Typ. Max. Unit Notes

VLDO?2 linear regulator

PSRR, | poz = 187.5 mA, 20 Hz to 20 kHz

PSRRy| po2 *VLDO2=0.8Vto1.55V 50 60 - dB
*VLDO2=11Vto 155V 37 45 -

Output noise density, V| poain = 1.75 V, I po2 = 187.5 mA
* 100 Hz to <1.0 kHz - -108 -100
* 1.0 kHz to <10 kHz - -118 -108
* 10 kHz to 1.0 MHz - -124 -112

NOISEVLD02 dBV/\/HZ
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GENERAL PRODUCT CHARACTERISTICS

Table 20. Dynamic electrical characteristics - VLDO2 (continued)

All parameters are specified at TA =-40 °C to 105 °C, VIN = 3.6 V, V poain = 3.0 V, V po2 = 1.55 V, | ppop = 10 mA, typical external
component values, unless otherwise noted. Typical values are characterized at V5 = 3.6 V, V poon =3.0 V, Vi po2 =1.55V, I poo =

10 mA and 25 °C,

unless otherwise noted.

Symbol Parameter Min. Typ. Max. Unit Notes
VLDO?2 linear regulator (continue)
) Turn-on time, enable to 90% of end value, V| pooy = 1.75Vt0 3.4V, 50 500
ONLDO2 ILDOZ =0.0 mA - us
¢ Turn-off time, disable to 10% of initial value, V| pooiy = 1.75 V, 10
OFFLDO2 ILooz = 0.0 mMA - - ms
LDO20gHT Start-up overshoot, V| pogin = 1.75 V t0 3.4 V, I po2 = 0.0 mA - 1.0 2.0 %

Table 21. Static electrical characteristics — VCC_SD

All parameters are specified at Tp = -40 °Cto 105 °C, V| = 3.6 V,VCC_SD = 1.85V, lycc_sp = 10 mA, typical external component values,
unless otherwise noted. Typical values are characterized at Viy = 3.6 V, VCC_SD = 1.85V, lycc_sp = 10 mA, and 25 °C, unless otherwise

noted.
Symbol Parameter Min. Typ. Max. Unit Notes
VCC_SD linear regulator
(40), (1)
VN Operating input voltage 2.8 - 45 \% (1)
Vce_spNom Nominal output voltage - Table 65 - \%
lvee s Rated output load current 100 - - mA
Vv Output voltage accuracy, 2.8 V <V <4.5V, 0.0 mA < lycc sp < 3.0 B 30 o
cc_sbToL 100 mA, VCC_SD[1:0] = 00 to 11 ' ' °
| Quiescent current, no load, change in lyy and lyyz, when Vee sp B 13 3 A
VCC_SDQ enabled 28
IVCCﬁSDLIM Current limit, IVCCfSD when VCCfSD is forced to VCCﬁSDNOM/Z 122 167 280 mA

Notes

40. When the LDO output voltage is set above 2.6 V, the minimum allowed input voltage needs to be at least the output voltage plus 0.25 V.
41. The maximum operating input voltage is 4.55 V when VPWR LDO is used.
42. Minimum operating voltage is 2.8 V with a valid LICELL voltage (1.8 V to 3.3 V). Minimum operating voltage is 3.1 V when no voltage is applied
at the LICELL pin. If operation down to 2.8 V is required for systems without a coin cell, connect the LICELL pin to any system voltage between
1.8 V and 3.3 V. This voltage can be an output from any PF3000 regulator, or external system supply.

Table 22. Dynamic electrical characteristics - VCC_SD

All parameters are specified at Ty =-40 °C to 105 °C, V,y=3.6 V, VCC_SD =1.85V, IVCC_SD = 10 mA, typical external component
values, unless otherwise noted. Typical values are characterized at V,y =3.6 V, VCC_SD =1.85V, IVCC_SD =10 mA, and 25 °C, unless

otherwise noted.

Symbol Parameter Min. Typ. Max. Unit Notes
VCC_SD linear regulator
PSRR, lycc sp = 75 mA, 20 Hz to 20 kHz
PSRRycc_sp +VCC_SD[1:0]1=00-10, V|y=2.8V + 100 mV 35 40 - dB
M VCC_SD[1 0] =10- 11, V|N = VCCfSDNOM +1.0V 52 60 -
Output noise density, Viy = 2.8V, lycc_sp = 75 MA
*+ 100 Hz — <1.0 kHz - -114 -102
NOISE dBVAH
VECSD | 1.0 KMy - <10 kiy - -129 123 ‘
* 10 kHz - 1.0 MHz - -135 -130
¢ Turn-on time, enable to 90% of end value, V| =2.8 Vto 4.5V, 60 500 s
ONVCC_SD IVCCfSD =0.0 mA ek
PF3000
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GENERAL PRODUCT CHARACTERISTICS

Table 22. Dynamic electrical characteristics - VCC_SD (continued)

All parameters are specified at Ty =-40 °C to 105 °C, V|y=3.6 V, VCC_SD = 1.85 V, IVCC_SD = 10 mA, typical external component
values, unless otherwise noted. Typical values are characterized at V,y=3.6 V, VCC_SD =1.85V, IVCC_SD =10 mA, and 25 °C, unless
otherwise noted.

Symbol Parameter Min. Typ. Max. Unit Notes

VCC_SD linear regulator (continued)

Turn-off time, disable to 10% of initial value, V| =2.8 V,

torrvee_sp lvee_sp = 0.0 mA - - 10 ms

VCC_SDosHT Start-up overshoot, V|y=2.8 V10 4.5V, lycc sp = 0.0 mA - 1.0 2.0 %

Table 23. Static electrical characteristics — V33

All parameters are specified at Ty =-40 °C to 105 °C, V|y=3.6 V, V33 = 3.3V, ly33 = 10 mA, typical external component values, unless
otherwise noted. Typical values are characterized at V|y= 3.6 V, V33 = 3.3V, ly33 = 10 mA, and 25 °C, unless otherwise noted.

Symbol Parameter Min. Typ. Max. Unit Notes

V33 linear regulator

(43), (44),

VIN Operating input voltage, 2.9 V < V33nyom < 3.6 V 2.8 - 4.5 \% (45)
V3snom Nominal output voltage - Table 64 - \

lyss Rated output load current 350 - - mA
V. Output voltage tolerance, 2.8 V <V <4.5 V, 0.0 mA <ly33 <350 mA, 3.0 3.0 %

33TOL V33[1:0] = 00 to 11 - - : 0

lvazq Quiescent current, no load, change in |\, when V33 enabled - 13 - HA
lv33Lim Current limit, ly33 when V33 is forced to Va3nom/2 435 584.5 950 mA

Notes

43. When the LDO output voltage is set above 2.6 V the minimum allowed input voltage need to be at least the output voltage plus 0.25 V for proper
regulation due to the dropout voltage generated through the internal LDO transistor.

44. The maximum operating input voltage is 4.55 V when VPWR LDO is used.

45.  Minimum operating voltage is 2.8 V with a valid LICELL voltage (1.8 V to 3.3 V). Minimum operating voltage is 3.1 V when no voltage is applied at
the LICELL pin. If operation down to 2.8 V is required for systems without a coin cell, connect the LICELL pin to any system voltage between 1.8 V
and 3.3 V. This voltage can be an output from any PF3000 regulator, or external system supply.

Table 24. Dynamic electrical characteristics — V33

All parameters are specified at Ty =-40 °C to 105 °C, V|y=3.6 V, V33 = 3.3V, ly33 = 10 mA, typical external component values, unless
otherwise noted. Typical values are characterized at V|y= 3.6 V, V33 = 3.3V, ly33 = 10 mA, and 25 °C, unless otherwise noted.

Symbol Parameter Min. Typ. Max. Unit Notes
V33 linear regulator
PSRR, ly33 =262.5 mA, 20 Hz to 20 kHz, V33[1:0] =00 - 11, V|5 = 46)
PSRRy33 Vaanon + 1.0V 52 60 - dB
Output noise density, V| = 2.8 V, lyz3 = 262.5 mA
* 100 Hz to <1.0 kHz - -114 -102
NOISE dBVAH
Va3 + 1.0 kHz to <10 kHz - -129 -123 z
* 10 kHz to 1.0 MHz - -135 -130
¢ Turn-on time, enable to 90% of end value, Vi =2.8 V,t0 4.5V, 60 500
ONV33 lyas = 0.0 mA - us
PF3000
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GENERAL PRODUCT CHARACTERISTICS

Table 24. Dynamic electrical characteristics — V33 (continued)

All parameters are specified at Ty = -40 °C to 105 °C, V|y=3.6 V, V33 = 3.3V, ly33 = 10 mA, typical external component values, unless
otherwise noted. Typical values are characterized at V| = 3.6 V, V33 = 3.3V, ly33 = 10 mA, and 25 °C, unless otherwise noted.

Symbol Parameter Min. Typ. Max. Unit Notes

V33 linear regulator (continued)

torFvas Turn-off time, disable to 10% of initial value, V| =2.8 V, ly33 = 0.0 mA - - 10 ms

V3308HT Start-up overshoot, V|y=2.8 V10 4.5V, ly33 = 0.0 mA - 1.0 2.0 %

Notes

46. When the LDO Output voltage is set above 2.6 V the minimum allowed input voltage need to be at least the output voltage plus 0.25 V for proper
regulation due to the dropout voltage generated through the internal LDO transistor.

Table 25. Static electrical characteristics — VLDO3

All parameters are specified at Ty = -40 °C to 105 °C, V|y=3.6 V, V| pozain = 3.6 V, V po3 = 3.3V, I po3 = 10 mA, typical external
component values, unless otherwise noted. Typical values are characterized at V= 3.6 V, V| po3zain =36 V, V| po3 =3.3 V,
lL.po3 = 10 mA, and 25 °C, unless otherwise noted.

Symbol Parameter Min. Typ. Max. Unit Notes

VLDO3 linear regulator

Operating input voltage

VLDO34|N «18V< VLDO3NOM <25V v 28 - 3.6 \Y (47), (48)
*26V< VLDO3NOM <33V ITI—%OSE(())M - 3.6
Vi po3aNOM Nominal output voltage - Table 63 - \Y;
ILpo3 Rated output load current 100 - - mA
v Output voltage tolerance, V| pozainmiN < Viposzain <4-5V, 0.0 mA < 3.0 3.0 %
LDO3TOL lLposz < 100 mA, VLDO3 = 1.8 Vt0 3.3V i} - : °
Quiescent current, no load, change in lyy and ly posain, When V| pos
ILbosa enabled - 13 - A
ILDO3L|M Current limit, ILDO3 when VLDO3 is forced to VLDO3NOM/2 122 167 280 mA

Notes
47. Beyond VLDO34IN rating, the ESD protection can be sensitive to voltage transients.
48. Minimum operating voltage is 2.8 V with a valid LICELL voltage (1.8 V to 3.3 V). Minimum operating voltage is 3.1 V when no voltage is applied at
the LICELL pin. If operation down to 2.8 V is required for systems without a coin cell, connect the LICELL pin to any system voltage between 1.8 V
and 3.3 V. This voltage can be an output from any PF3000 regulator, or external system supply.

Table 26. Dynamic electrical characteristics — VLDO3

All parameters are specified at Ty = -40 °C to 105 °C, V|y=3.6 V, V| posain = 3.6 V, V po3 = 3.3 V, I po3 = 10 mA, typical external
component values, unless otherwise noted. Typical values are characterized at V= 3.6 V, V| po3qin = 3.6 V, V| po3 =3.3 V,
lL.po3z = 10 mA, and 25 °C, unless otherwise noted.

Symbol Parameter Min. Typ. Max. Unit Notes

VLDO3 linear regulator

PSRR, | po3 = 75 A, 20 Hz to 20 kHz

PSRRVLDO3 «VLDO3=1.8V1t03.3 V, VLDO34|N = VLDO34|NM|N + 100 mV 35 40 - dB
«VLDO3 =18V to03.3 V, VLD034|N = VLDO3NOM +10V 52 60 -
Output noise density, Vi pozain = ViLpoa4inmiN: ILbos = 75 MA
* 100 Hz to <1.0 kHz - -114 -102
NOISEvioos « 1.0 kHz to <10 kHz - -129 123 dBVAHz
* 10 kHz to 1.0 MHz - -135 -130
PF3000
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Table 26. Dynamic electrical characteristics — VLDO3 (continued)
All parameters are specified at Ty =-40 °C to 105 °C, V|y=3.6 V, V| po3ain = 3.6 V, V po3 = 3.3V, I po3 = 10 mA, typical external

component values, unless otherwise noted. Typical values are characterized at V|y=3.6 V, V| po3z4n = 3.6 V, Vi po3 =3.3 V,

ILDO3 =10 mA, an

d 25 °C, unless otherwise noted.

GENERAL PRODUCT CHARACTERISTICS

Symbol Parameter Min. Typ. Max. Unit Notes
VLDO3 linear regulator (continued)
{oNLDOS Iusrr:/-‘olrr-l:t)i(r)r;e; %r?gl:rl]eAto 90% of end value, V| pos4iN = VLpo34inmIN TO 60 B 500 us
{oFFLDOS ;I'urn-o_ff(;irge, disable to 10% of initial value, V| posain = VLDO34INMIN B i 10 s
Lpos = 0.0 mA
LDO3psHT Start-up overshoot, V| poz4in = Vipo3ainamin 10 4.5V, [ po3 = 0.0 mA - 1.0 2.0 %

Table 27. Static electrical characteristics - VLDO4
All parameters are specified at Ty = -40 °C to 105 °C, V| =3.6 V, V pozain = 3.6 V, V| pos = 3.3V, I pog = 10 mA, typical external

component values, unless otherwise noted. Typical values are characterized at V| = 3.6 V, V| pozaiy = 3.6 V, VLDO4 =33V,

ILpo4 = 10 mA, and 25 °C, unless otherwise noted.

Symbol Parameter Min. Typ. Max. Unit Notes
VLDO4 linear regulator
Operating input voltage 28
ViLDo34IN +1.8V<Viposnom=s25V Vi - 3.6 \ (49). (30)
«26V< VLDO4NOM <33V I:'_DoogglgM - 3.6
V| poaNnoM Nominal output voltage - Table 63 - \%
IL.po4 Rated output load current 350 - - mA
vV OUtpUt voltage tolerance, VLDO34|NM|N < VLDO34|N <45 V, 0.0mA< 3.0 3.0 o
LDOATOL lLpo3z < 100 MA, Vi pos =1.9Vt0 3.3V o~ - : °
| Quiescent current, no load, change in lyy and ly posain: When Vi pog B 13 3 A
LDo4Q enabled H
ILDO4L|M Current limit, ILDO4 when VLDO4 is forced to VLDO4NOM/2 435 584.5 950 mA
PSRR, I po4 =262.5 mA, 20 Hz to 20 kHz
PSRRVLDO4 *VLDO4=19V1t03.3 V, VLDO34|N = VLDO34|NM|N + 100 mV 35 40 - dB
*VLDO4=19V1t03.3 V, VLDO34|N = VLDO4NOM +10V 52 60 -
Notes

49. Beyond VLDO34IN rating, the ESD protection can be sensitive to voltage transients.

50. Minimum operating voltage is 2.8 V with a valid LICELL voltage (1.8 V to 3.3 V). Minimum operating voltage is 3.1 VV when no voltage is applied
at the LICELL pin. If operation down to 2.8 V is required for systems without a coin cell, connect the LICELL pin to any system voltage between
1.8 V and 3.3 V. This voltage can be an output from any PF3000 regulator, or external system supply.

PF3000
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GENERAL PRODUCT CHARACTERISTICS

Table 28. Dynamic electrical characteristics - VLDO4
All parameters are specified at Ty =-40 °C to 105 °C, V|y=3.6 V, V| posain = 3.6 V, VI pos = 3.3V, I po4 = 10 mA, typical external

component values, unless otherwise noted. Typical values are characterized at Vi = 3.6 V, V| po34n = 3.6 V, VLDO4 = 3.3V,

lL.pos = 10 mA, and 25 °C, unless otherwise noted.

Symbol Parameter Min. Typ. Max. Unit Notes
VLDO4 linear regulator
Output noise density, V| pozaing = Vipo3sainminy ILDo4 = 262.5 mA
+ 100 Hz to <1.0 kHz - -114 -102
NOISE dBVAH
VLDO4 |+ 4.0 kHz to <10 kHz - -129 123 z
* 10 kHz to 1.0 MHz - -135 -130
Turn-on time, enable to 90% of end value, V| posain = VLDO34INMINS
tonLDO4 4.5V, I pos = 0.0 mA 60 - 500 us
t Turn-off time, disable to 10% of initial value, VLDO34|N = VLDO34|NM|N! 10
OFFLDO4 ILpos = 0.0 MA - - ms
LDO4OSHT Start-up overshoot, VLDO34|N = VLDO34|NM|N’ 4.5 V, ILD04 =0.0mA - 1.0 2.0 %
Table 29. Static electrical characteristics - coin cell
All parameters are specified at Ty =-40 °C to 105 °C, V|y = 3.6 V, typical external component values, unless otherwise noted.
Symbol Parameter Min Typ Max Unit Notes
Coin cell
Veoinace Charge voltage accuracy -100 - -100 mv
lcoinace Charge current accuracy -30 - 30 %
Coin cell charge current
Icom * lcoinmi (in on mode) - 60 - A
. ICOlNLO (ln on mode) - 10 -

Table 30. Static electrical characteristics - VREFDDR

All parameters are specified at Ty =-40 °C to 105 °C, V|y = 3.6 V, Irerppr = 0.0 mA, V|nrerppr = 1.5 V, and typical external component
values, unless otherwise noted. Typical values are characterized at V| = 3.6 V, Irgrppr = 0.0 mA, V\Nnrerppr = 1.5 V, and 25 °C, unless

otherwise noted.

Symbol Parameter Min. Typ. Max. Unit Notes
VREFDDR linear regulator
VINREFDDR Operating input voltage range 1.2 - 1.65 \Y (G
Output voltage, 1.2V< VINREFDDR <1.65V,0.0mA < IREFDDR < VlNREFDDR/
VREFDDR 10 mA - 2 - v
Output voltage tolerance, as a percentage of V\Nrerppr, 1:2 V < 0
VREFDDRTOL VlNREFDDR <1.65V,0.6 mA< IREFDDR <10 mA 49.5 50 505 %
IREFDDR Rated output load current 10 - - mA
|REFDDRQ Quiescent current - 12 - A (52)
IREFDDRLM Current limit, IREFDDR when VREFDDR is forced to VlNREFDDR/4 10.5 15 25 mA
Notes

51.  When using SW3 as input, the VINREFDDR input voltage range specification refers to the voltage set point of SW3 and not the absolute value
52. When VREFDDR is off there is a quiescent current of a typical 2.0 pA.

PF3000
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GENERAL PRODUCT CHARACTERISTICS

Table 31. Dynamic electrical characteristics - VREFDDR

All parameters are specified at Ty = -40 °C to 105 °C, V| = 3.6 V, Irerppr = 0.0 mA, Vinrerppr = 1.5 V, and typical external component
values, unless otherwise noted. Typical values are characterized at V| = 3.6 V, Irgrppr = 0.0 mA, V\nreropr = 1-5 V, and 25 °C, unless
otherwise noted.

Symbol Parameter Min. Typ. Max. Unit Notes

VREFDDR linear regulator

Turn-on time, enable to 90% of end value, V\yrerppr= 1.2 V tO

toNREFDDR 1,65V, Ingropr = 0.0 MA - - 100 us
¢ Turn-off time, disable to 10% of initial value, V\Nrerppr = 1.2 V to 10

OFFREFDDR | 1,65V, Iggrppr = 0.0 MA - - ms
VREFDDROSH Start-up overshoot, V\Nrerppr = 1.2 V t0 1.65 V, Iggrppr = 0.0 mA - 1.0 6.0 %

Table 32. Static electrical characteristics - Digital 1/0

All parameters are specified at Ty =-40 °C to 105 °C, Vppio=1.7 V10 3.6 V, Vpyr = 0 V (external FET not populated), and typical external
component values and full load current range, unless otherwise noted.

Pin name Parameter Load condition Min Max Unit Notes
* V|_ - 0.0 0.2* VSNVS
PWRON v _ 08*Vgnys| 3.6 v
VoL 2.0 mA 00 [0.4*Vppo
RESETBMCU | . yon Open drain 0.7*Vppio| Vopio Y
° V|_ - 0.0 0.2* VDDlO
scL h v
° VH - 0.8 VDDlO 3.6
. V|_ - 0.0 0.2* VDDIO
. VH - 0.8* VDDlO 3.6
SDA . VOL -2.0 mA 0.0 04* VDDlO v
“Vou Open drain 0.7*Vppio|  Vooio
. VOL -2.0 mA 0.0 04* VDD|O
INTB . VOH Open drain 0.7* VDDlO VDDlO v
° V|_ - 0.0 0.2* VSNVS
STANDBY Vi _ 08*Vgnys| 36 v
. V|_ - 0.0 02* VDDlO
SD_VSEL Vi _ 0.8*Vppo| 36 v
<V - 0.0 0.3
VDDOTP Yy _ 11 17 v

PF3000
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Table 33. Static electrical characteristics - internal supplies

All parameters are specified at Ty =-40 °C to 105 °C, V|y=2.8 V10 4.5 V, LICELL = 1.8 V to 3.3 V, and typical external component values.
Typical values are characterized at V| = 3.6 V, LICELL = 3.0 V, and 25 °C, unless otherwise noted.

Symbol Parameter Min. Typ. Max. Unit Notes

VCOREDIG (digital core supply)

Output voltage
VCOREDIG + ON mode - 1.5 - Y% (53)
» Coin cell mode and OFF mode - 1.3 -

VCORE (analog core supply)

Output voltage
VcoRre * ON mode and charging - 2.775 - \ (53)
« Coin cell mode and OFF mode - 0.0 -

VCOREREF (bandgap regulator reference)

VCOREREF Output voltage at 25 °C - 1.2 - \Y; (53)
VCOREREFACC Absolute trim accuracy - 0.5 - %
VcorererTacc | Temperature Drift - 0.25 - %

Notes

53. 3.1V <V)y<4.5V, no external loading on VCOREDIG, VCORE, or VCOREREF.

Table 34. Static electrical characteristics - UVDET threshold

All parameters are specified at Ty =-40 °C to 105 °C, V|y=2.8 V10 4.5 V, LICELL = 1.8 V to 3.3 V, and typical external component values.
Typical values are characterized at V| = 3.6 V, LICELL = 3.0 V, and 25 °C, unless otherwise noted.

Symbol Parameter Min. Typ. Max. Unit Notes

V) UVDET threshold

v * Rising - - 3.1
UVDET « Falling 25 - -

PF3000
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FUNCTIONAL DESCRIPTION AND APPLICATION INFORMATION

6 Functional description and application information

6.1 Introduction

The PF3000 is a highly integrated, low quiescent current power management IC featuring four buck regulators, one boost regulator, seven
LDO regulators, and a DDR voltage reference. The PF3000 provides all the necessary rails to power a complete system including the
application processor, memory and peripherals. The PF3000 operates from an input voltage of up to 5.5 V. Output voltage, startup
sequence, and other functions are set using integrated one-time-programmable (OTP) memory, thus providing flexibility and reducing
external component count.

6.2 Power generation

The buck regulators in the PF3000 provide supply to the processor cores and to other voltage domains, such as I/O and memory. Dynamic
voltage scaling is provided to allow controlled supply rail adjustments for the processor cores and other circuitry. The SW1A and SW1B
buck regulators can either be used as independent 1.0 A and 1.75 A regulators, or can be combined as a single 2.75 A regulator.

The linear regulators in the PF3000 can be used as general purpose regulators to power peripherals and lower power processor rails. The
VCC_SD LDO regulator supports the dual voltage requirement by high speed SD card readers. Depending on the system power path
configuration, the LDO regulators can be directly supplied from the main input supply or from the switching regulators to power peripherals,
such as audio, camera, Bluetooth, and Wireless LAN, etc.

A specific VrRgrppRr Voltage reference is included to provide accurate reference voltage for DDR memories. The VSNVS block behaves
as an LDO, or as a bypass switch to supply the SNVS/SRTC circuitry on the i.MX processors; Vgnys may be powered from V|, or from
a coin cell.

To accommodate applications that are powered by main supplies of voltages higher than 4.5 V and up to 5.5 V, the PF3000 incorporates
a front-end LDO regulator using an external pass FET to keep the maximum regulator input voltage of the regulators at 4.5 V. Applications
with an input voltage lower than 4.5 V can directly power the regulators without using the front-end LDO.

PF3000 shows a summary of the voltage regulators in the PF3000.

Table 35. PF3000 power tree

Supply Output voltage (V) Programming Step size (mV) Maximum load current (mA)
0.70 to 1.425 25
SWIA 1.8t03.3 (N/A) 1000
SW1B 0.70 to 1.475 25 1750
1.50 to 1.85 50
Sw2 2.50103.30 variable 1250
SW3 0.90 to 1.65 50 1500
SWBST 5.00 to 5.15 50 600
VLDO1 1.8t03.3 50 100
VLDO2 0.80to 1.55 50 250
2.85t0 3.30 150
vee_sb 1.80to 1.85 50 100
V33 2.85t03.30 150 350
VLDO3 1.8t03.3 100 100
VLDO4 1.8t03.3 100 350
VSNVS 3.0 NA 1.0
VREFDDR 0.5*SW3_OUT NA 10
PF3000
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PF3000 iMX7
SW1A 11V Lol
0.700t0 3.3 V * p={ VDD_ARM
1.0A | (A7 Core)
Swi1B 1.0V
¢ 0.700to 1.475 V ¢ —VDD_SOC
1.75A (SOC Logic)
sw2 1.8V
1.50to 1.85V | — _t_ — — —{VDDA_1P8
VIN | 4 or2.25t0 3.30 V (110)
45V (typ.) 1.25A |
|
1.35V
¢ sw3 l P> NVCC_DRAM_CKE
0.9010 1.65 V [ (DDR I0)
1.5A |
|
vCcC_SD |
1.80 10 1.85 V/ 33V
¢ or2.85t0 3.3V t P> VCC_SD_IO
100 mA |
V33 33V I
® 2.85103.30 V I | NVCC_3P3
350 mA | (3.3 V. GPIO PAD)
SWBST |
5.0 g’ 65;47 5V } B~ VDDA_USBx_3P3
: | (USB OTG PHY)
VREFDDR |
sw3 t 0.5*VDDR 0.675 Y
10 mA i | VDD_LPSR
| NVCC_GPIOX
VIN | _ VSNVS I
. COINf— 1.0to 3.0V : P VSNVS_IN
Coincell } GHIRE 1mA
I 0.7 Vo 1.425V,
VLDO1 18 | 1.8V,33V,1.0A
) 181033V ®| oTG
VIN t 100 mA |
i VLDO2 15Vl —>
Sw2 ¢ VLDO2INyax = 3.4 V 0.80to 1.55 V/ | L— » DDR3L
250 mA |
VLDO3
181033V |4 L ————» berioheral
|- 100 mA —> eripnerals
VIN | |
[ VLDO4 3.3V A
1.8103.3V
350 mA 33V

Figure 5 shows a simplified power map with various recommended options to supply the different block within the PF3000, as well as the
typical application voltage domain on the i.MX 7 processors. Note that each application power tree is dependent upon the system’s voltage

Figure 5. PF3000 typical power map

and current requirements, therefore a proper input voltage should be selected for the regulators.

PF3000
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6.3  Functional description

6.3.1

The PF3000 is fully programmable via the 12C interface. Additional communication is provided by direct logic interfacing including INTB,
RESETBMCU, STANDBY, PWRON, and SD_VSEL. Refer to Table 30 for logic levels for these pins.

Control logic and interface signals

6.3.1.1 PWRON

PWRON is an input signal to the IC that generates a turn-on event. A turn-on event brings the PF3000 out of OFF and sleep modes and

into the ON mode. Refer to Modes of operation for the various modes (states) of operation of the IC. The PWRON pin can be configured

using OTP to detect a level, or an edge using the PWRON_CFG bit.

+ If PWRON_CFG = 0, the PWRON signal is high and VIN > UVDET, the PMIC turns on; the interrupt and sense bits, PWRONI and
PWRONS respectively, is set.

+ IfPWRON_CFG =1, VIN > UVDET and PWRON transitions from high to low, the PMIC turns on; the interrupt and sense bits, PWRONI
and PWRONS respectively, is set.

Any regulator enabled in the sleep mode remains enabled when transitioning from Sleep to ON, i.e., the regulator is not turned off and

then on again to match the start-up sequence.

When PWRON_CFG = 1, the PWRON input can be a mechanical switch debounced through a programmable debouncer

PWRONDBNCI[1:0], 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 PWRONDBNC[1:0] as defined in the table below. The interrupt is cleared by software, or when cycling through the

OFF mode.

Table 36. PWRON hardware debounce bit settings (54)

Bits State Turn on debounce (ms) Falling edge INT debounce (ms) Rising edge INT debounce (ms)
00 0.0 31.25 31.25
01 31.25 31.25 31.25
PWRONDBNCI1:0]
10 125 125 31.25
11 750 750 31.25

Notes

54. The sense bit, PWRONS, is not debounced and follows the state of the PWRON pin.

6.3.1.2 STANDBY

STANDBY is an input signal to the IC. When it is asserted the part enters standby mode and when de-asserted, the part exits standby
mode. STANDBY can be configured as active high or active low using the STANDBYINV bit. See Standby mode for more details.

Note: When operating the PMIC at VIN < 2.85 V a coin cell must be present to provide Vgyys, or the PMIC does not reliably enter and
exit the STANDBY mode.

6.3.1.3 RESETBMCU

RESETBMCU is an open-drain, active low output OTP configurable for two modes of operation. In its default mode, it is de-asserted 2.0
ms after the last regulator in the start-up sequence is enabled. 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. In the default mode, the
RESETBMCU signal is internal timer based and does not monitor the regulators. When configured for its fault mode, RESETBMCU is de-
asserted after the start-up sequence is completed only if no faults occurred during start-up. At any time, if a fault occurs and persists for
1.8 ms, RESETBMCU is asserted LOW. The PF3000 is turned off if the fault persists for more than 100 ms. The PWRON signal can be
used to restart the part, though if the fault persists, the sequence described above is repeated. To enter the fault mode, set bit
OTP_PG_EN of register OTP PWRGD EN to “1” during OTP programming.
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6.3.1.4 INTB

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

6.3.1.5 SD_VSEL

SD_VSEL is an input pin that sets the output voltage range of the VCC_SD regulator. When SD_VSEL = HIGH, the VCC_SD regulator
operates in the lower output voltage range. When SD_VSEL = LOW, the VCC_SD regulator operates in the higher output voltage range.
The SD_VSEL input buffer is powered by the VDDIO supply. When a valid VDDIO voltage is not present, the output of the SD_VSEL buffer
defaults to a logic high thus keeping the VCC_SD regulator output in the lower voltage range.

6.3.2 One-time-programmable memory

One-time-programmable memory is used to store key startup parameters and regulators’ configuration information. This eliminates the
need to set regulator voltage and sequence using external components. The following parameters are programmable in the PF3000.

General: 12C slave address, PWRON pin configuration, RESETBMCU configuration

Buck regulators: Output voltage, single phase or independent mode configuration for SW1A and SW1B regulators, switching frequency,
regulator start-up sequence and timing

Boost regulator and LDOs: Output voltage, regulator start-up sequence and timing

The PF3000 starts up based on the contents of the TBBOTP registers. During power up, contents of the OTP memory are loaded on to
the TBBOTP registers. There is an optional Try-before-buy mode of operation available which bypasses loading of the OTP memory onto
the TBBOTP registers. Instead, regulators directly start up based on the current contents of the TBBOTP registers during this mode of
operation. This mode is useful when trying to determine a suitable OTP configuration for the system. TBB mode can also be used in lieu
of OTP programming provided a microcontroller can initiate the TBB sequence is available in the system.

6.3.2.1 Register naming convention

Register and bit names for the TBBOTP registers are prefixed with “OTP”. This is to differentiate them from “functional registers” which
are responsible for real-time control of regulator settings. For example, “OTP_SW1A_VOLT” refers to the TBBOTP register associated
with the voltage setting for SW1A regulator. “SW1AVOLT” refers to the functional register which is fed into the SW1A regulator block.
During power up, contents of the OTP fuses are copied onto the “OTP_SW1A_VOLT” register which is further copied on to the
“SW1AVOLT” register. During normal operation, writes to the “OTP_SW1A_VOLT” register has no effect on the output voltage of the SW1A
regulator. Writes to the “SW1AVOLT” register do have an effect.

6.3.2.2 Regulator startup sequence programming

Each regulator has 3-bits or 4-bits allocated to program its start-up time slot from a turn-on event; therefore, each can be placed from
position one to seven or one to fifteen in the start-up sequence as shown in Table 37. When the sequence is code is set to 0, the regulator
remains off during the startup sequence. It can be enabled using 12C after the start up sequence is completed. The delay between each
position can be programmed to be 0.5 ms or 2.0 ms as shown in Table 38. The start-up sequence terminates at the last programmed
regulator. RESETBMCU pin is de-asserted HIGH 2.0 ms after the last utilized startup slot.

Table 37. Start-up sequence

OTP_SWx_SEQ[2:0)/
OTP_V33_SEQ[2:0]/ | OTP_VLDOx_SEQ[3:0)/ Sequence
OTP_VCC_SD_SEQJ2:0]
000 0000 Off
001 0001 SEQ_CLK_SPEED * 1
010 0010 SEQ_CLK_SPEED * 2
011 0011 SEQ_CLK_SPEED * 3
100 0100 SEQ_CLK_SPEED * 4
101 0101 SEQ_CLK_SPEED * 5
110 0110 SEQ_CLK_SPEED * 6
PF3000
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Table 37. Start-up sequence (continued)

OTP_SWx_SEQ[2:0]/
OTP_V33_SEQ[2:0]/ | OTP_VLDOx_SEQ[3:0)/ Sequence
OTP_VCC_SD_SEQJ2:0]
111 0111 SEQ_CLK_SPEED * 7
- 1000 SEQ_CLK_SPEED * 8
- 1001 SEQ_CLK_SPEED * 9
- 1010 SEQ_CLK_SPEED * 10
- 1011 SEQ_CLK_SPEED * 11
- 1100 SEQ_CLK_SPEED * 12
- 1101 SEQ_CLK_SPEED * 13
- 1110 SEQ_CLK_SPEED * 14
- 1111 SEQ_CLK_SPEED * 15

Table 38. Start-up sequence clock speed

SEQ_CLK_SPEED Time (us)
0 500
1 2000

6.3.2.3 PWRON pin configuration

The PWRON pin can be configured as either a level sensitive input (PWRON_CFG = 0), or as an edge sensitive input (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 turns 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 39. PWRON configuration

PWRON_CFG Mode

PWRON pin HIGH = ON
PWRON pin LOW = OFF or sleep mode

PWRON pin pulled LOW momentarily = ON
PWRON pin LOW for 4.0 seconds = OFF or sleep mode

0

6.3.2.4 12C address configuration

The I2C device address can be programmed from 0x08 to 0xOF. This allows flexibility to change the I2C address to avoid bus conflicts.
Address bit, 1I2C_SLV_ADDR[3] in OTP_I2C_ADDR register is hard coded to “1” while the lower three LSBs of the I°C address
(I2C_SLV_ADDRJ[2:0]) are programmable as shown in Table 40. The I2C address of the PF3000 immediately changes after write
instructions to the OTP_I2C_ADDR register are complete. To continue using the default address of 0x08, set bit 7 (USE_DEFAULT_ADD)

of the OTP_I2C_ADDR register.

Table 40. 1C address configuration

12C_SLV_ADDR[3]Hard |, oy ADDR[2:0] |I2C Device Address (Hex)
Coded
1 000 0x08
1 001 0x09
1 010 0X0A
1 011 0x0B
1 100 0x0C
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Table 40. 12C address configuration (continued)

12C_SLV_ADDR[3] Hard

Coded

12C_SLV_ADDR[2:0]

I2C Device Address (Hex)

1

101

0x0D

1

110

0x0E

1

111

O0xOF

6.3.2.5 Buck regulator soft start ramp rate

The start-up ramp rate ramp rate or soft start ramp rate of buck regulators can be chosen by using the SWDVS_CLK bit during OTP.

Table 41 shows the startup ramp rate options for the buck regulators in the PF3000.

Table 41. DVS speed selection for SWx

SWDVS_CLK

Function

0

25 mV step each 2.0 us

1

25 mV step each 4.0 us

6.3.3 Start-up

Regulators in the PF3000 start up based on the contents of the TBBOTP registers. During cold start, contents from the OTP memory are
loaded into the TBBOTP registers when VIN > UVDET irrespective of whether the PMIC is powered using the VIN or the VPWR path.

Contents of the TBBOTP registers are reloaded from the fuses during a turn-on event.

The PF3000 is available in a number of pre-programmed flavors to suit a wide variety of system configurations. Refer to Table 42 for

programming details of the different flavors. Refer to Section 6.3.2 for a detailed explanation of the OTP block.

PF3000
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Table 42. Start-up configuration (55)

D.efault_ Non- Pre-programmed OTP configuration
OTP registers configuration | programmed
All Devices A0 A1 A2 A3 A4 A5 A6 A7 A8
Default I°C Address 0x08 0x08 0x08 0x08 0x08 0x08 0x08 0x08 0x08 0x08
OTP_VSNVS_VOLT 3.0V 1.0V 3.0V 3.0V 3.0V 3.0V 3.0V 3.0V 3.0V 3.0V
OTP_SW1A_VOLT 1.15V 0.7V 1.10V 110V 1.375V 1.375V 1.375V 3.3V 3.3V 3.3V
OTP_SW1A_SEQ 1 OFF 1 1 2 1 1 3 3 3
OTP_SW1B_VOT 1.15V 0.7V 1.0V 1.0V 1.375V 1.375V 1.375V 14V 14V 14V
OTP_SW1B_SEQ 1 OFF 1 1 2 1 1 3 3 3
OTP_SW2_VOLT 1.8V 1.5V 1.8V 1.8V 3.3V 33V 3.15V 33V 33V 33V
OTP_SW2_SEQ 2 OFF 2 2 4 2 2 3 3 3
OTP_SW3_VOLT 1.2V 09V 1.35V 12V 135V 1.5V 1.2V 12V 1.35V 1.5V
OTP_SW3_SEQ 3 OFF 5 5 3 3 4 3 3 3
OTP_SWBST_VOLT 50V 50V 50V 50V 50V 50V 50V 50V 50V 50V
OTP_SWBST_SEQ OFF OFF OFF OFF OFF OFF 6 OFF OFF OFF
OTP_VLDO1_VOLT 1.8V 1.8V 1.8V 1.8V 33V 1.8V 1.8V 3.3V 33V 33V
OTP_VLDO1_SEQ 2 OFF 4 4 OFF OFF 3 3 3 3
OTP_VLDO2_VOLT 12V 08V 1.5V 1.5V 1.5V 1.2V 15V 1.5V 1.5V 1.5V
OTP_VLDO2_SEQ OFF OFF 4 4 OFF 3 OFF OFF OFF OFF
OTP_VLDO3_VOLT 1.8V 1.8V 33V 3.3V 25V 1.8V 31V 1.8V 1.8V 1.8V
OTP_VLDO3_SEQ 2 OFF 3 3 OFF OFF 2 3 3 3
OTP_VLDO4_VOLT 1.8V 1.8V 33V 3.3V 1.8V 1.8V 1.8V 1.8V 1.8V 1.8V
OTP_VLDO4_SEQ OFF OFF 3 3 4 3 3 3 3 3
OTP_V33_VOLT 3.15V 285V 3.3V 3.3V 3.0V 3.3V 285V 33V 33V 33V
OTP_V33_SEQ 2 OFF 3 3 1 2 OFF 2 2 2
OTP_VCC_SD_VOLT 3.15V/1.80 V 285vi180yv |33 \61 85| 3.3 \(;1 85| 3.3 \(;1 .85 | 3.0 \<;1 .80 3.15\\///1 80|33 \(;1 85|33 \(;1 85| 3.3 \(;1 .85
OTP_VCC_SD_SEQ 3 OFF 4 4 5 3 2 3 3 3
OTP_SEQ_CLK_SPEED 500 ps 500 ps 2000 ps 2000 ps 500 ps 2000 ps 2000 ps 2000 ps 2000 ps 2000 ps
OTP_SWDVS_CLK 6.25 mV/us 12.5 mVips 12-35’“\” 12.5 mV/us| 6.25 mV/us | 12.5 mV/ps | 12.5 mV/us | 12.5 mVips | 12.5 mVips | 12.5 mV/us
OTP_PWRON_CFG Level sensitive Level sensitive sé_:sz/iﬁxl/e seLnesvitei\lle seLnesvitei\lle s;_:s\gtei\lle seLnesVitei\I/e seLnesvitei\lle seLr?s\gtei\lle sé_:sviﬁxl/e
SW1A, SW1A, SW1A, SW1A, SW1A, SW1A, SW1A, SW1A,
SW1A, SW1B SW1A, SW1B SW1B SW1B SW1B SW1B SW1B SW1B SW1B SW1B
OTP_SW1_CONFIG Independent Independent Independe | Independe | Independe | Independe | Independe | Independe | Independe | Independe
Mode, 2.0 MHz Mode, 1.0 MHz nt Mode, nt Mode, nt Mode, nt Mode, nt Mode, nt Mode, nt Mode, nt Mode,
20MHz | 2.0 MHz 2.0 MHz 2.0 MHz 2.0 MHz 20MHz | 2.0MHz | 2.0 MHz
OTP_SW2_FREQ 2.0 MHz 1.0 MHz 20MHz | 2.0 MHz 2.0 MHz 2.0 MHz 2.0 MHz 20MHz | 2.0 MHz 2.0 MHz
OTP_SW3_FREQ 2.0 MHz 1.0 MHz 20MHz | 2.0 MHz 2.0 MHz 2.0 MHz 2.0 MHz 20MHz | 2.0 MHz 2.0 MHz
RESETBM | RESETBM | RESETBM | RESETBM | RESETBM | RESETBM | RESETBM | RESETBM
OTP PG EN RESETBMCU in | RESETBMCU in CUin CUin CUin CUin CUin CUin CUin CUin
- = Default Mode Default Mode Default Default Default Default Default Default Default Default
Mode Mode Mode Mode Mode Mode Mode Mode
Notes

55. This table specifies the default output voltage of the LDOs and SWx after start-up and/or when the LDOs and SWx are enabled.
VREFDDR_SEQ is internally fixed to be same as SW3_SEQ. VCC_SD voltage depends on the state of the SD_VSEL pin.
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6.3.3.1  Start-up timing diagram

The startup timing of the regulators is programmable through OTP and seq_clk_speed. Figure 6 shows the startup timing of the regulators
as determined by their OTP sequence. The trimmed 32 kHz clock controls all the start up timing.

|
VIN ~ A T UVDET 4 s time from VIN > UVDET to VSNVS
I

starting to rise. td+ is typically 5 ms

try is time VSNVS takes to go from 1
[€» Vito3V. Typicallyitis 650 us.

|
|
|
T N
tdq
| |
v
VSNVS ) : td, is user determined delay. Can be

zero if PWRON pulled up to VSNVS

T
1 |
PWRON : | ! tds is delay of regulator(s) whose OTP sequence is set to 1.

|
|
|
|
|

| With SEQ_CLK_SPEED = 0.5 ms, tdj is typically 2 ms with a
] minimum of 1 ms and maximum of 3 ms

| With SEQ_CLK_SPEED = 2 ms, tds is typically 4.5 ms with a
| minimum of 2.5 ms and maximum of 6.5 ms

|
td
!
Regulator | |
Outputs | td4 is controlled by the OTP
| sequence setting of the
: d regulator(s). Refer to Table 33
tds
>
Regulator |
Outputs | tds is the time for RESETBMCU to go high from the
[ regulator(s) with the last OTP sequence. It is typically
: 2 ms with a minimum of 1.8 ms and maximum of 2.2 ms
\ tds |
|
RESETBMCU

Figure 6. Startup timing diagram

6.3.4 16 MHz and 32 kHz clocks

The PF3000 incorporates two clocks: a trimmed 16 MHz RC oscillator and an untrimmed 32 kHz RC oscillator. The 32 kHz untrimmed
clock is only used in the following conditions:

* V)N < UVDET

« All regulators are in sleep mode

« All regulators are in PFM switching mode

A 32 kHz clock, derived from the 16 MHz trimmed clock, is used when accurate timing is needed under the following conditions:
* During start-up, V|\ > UVDET

* PWRON_CFG = 1, for power button debounce timing

When the 16 MHz is active in the ON mode, the debounce times are referenced to the 32 kHz derived from the 16 MHz clock. The
exceptions are the LOWVINI and PWRONI interrupts, which are referenced to the 32 kHz untrimmed clock. Switching frequency of the
switching regulators is derived from the trimmed 16 MHz clock.

The 16 MHz clock and hence the switching frequency of the regulators, can be adjusted to improve the noise integrity of the system. By
changing the factory trim values of the 16 MHz clock, the user may add an offset as small as £3.0% of the nominal frequency. Contact
your NXP representative for detailed information on this feature.
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6.3.5 Optional front-end input LDO regulator

6.3.5.1 LDO regulator description

This section describes the optional front-end LDO regulator provided by the PF3000 in order to facilitate the operation with supply voltages
higher than 4.5V and upto 5.5 V.

For non-battery operated applications, when the input supply voltage exceeds 4.5V, the front-end LDO can be activated by populating
the external PMOS pass FET MP1 in Figure 7 and connecting the VPWR pin to the main supply. Under this condition, the LDO control
block self-starts with a local bandgap reference. When the VIN pin reaches UVDET rising threshold, the reference is switched to the main
trimmed bandgap reference to maintain the required VIN accuracy. In applications using an input supply voltage of 4.5 V or lower, the
PMOS pass FET should not be populated, VPWR pin should be grounded externally and the VIN pin should be used instead as the main
supply input pin. The input pins of the switching regulators should always be connected to the VIN net.

The main components of the LDO regulator are an external power P-channel MOSFET and an internal differential error amplifier. One
input of the amplifier monitors a fraction of the output voltage at VIN determined by the resistor ratio of R1 and R2 as shown in Figure 7.
The second input to the differential amplifier is from a stable bandgap voltage reference. If the output voltage rises too high relative to the
reference voltage, the gate voltage of the power FET is changed to maintain a constant output voltage.

In order to maintain the power consumption at reasonable levels during PF3000 standby and sleep modes, the LDO circuit enters low-
power mode of operation using an embedded pass FET while the external pass FET is kept off. When the STBY_LOWPOWER_B bit in
register LDOGCTL is set the activation of the low-power mode during IC standby mode is disabled; however the LDO low-power mode is
always activated during the IC sleep mode. Moreover, during IC Off mode, an even simpler internal circuit is used to further reduce the
power consumption. Refer to Modes of operation for different modes of operation of the IC.

WP WR |— - -
] VPWR Ay . Vier |
— | -
LDOG I I
-
W
< _
— I |
MP1
.
VIN /N I I
Y
1 I R1 I
Cun I I
=l I R2 I
I JVPWR |

Figure 7. Front-end LDO block diagram

6.3.5.2 Undervoltage/short-circuit and overvoltage detection

Short-circuit to GND at VIN is detected using an under voltage monitor at VIN that would sense excessive droop on the VIN line and

consequently turn off (disable) the external PMOS pass FET. Overvoltage at VPWR is detected if VPWR exceeds the Vpyroy threshold
(typically 6.0 V). Upon the detection of an overvoltage event an interrupt is generated and bit 2 is set in INTSTAT3 register. The INTB pin
is pulled low if the VPWROVM mask bit is cleared. The interrupt is filtered using a 122 us debouncing circuit. The VPWROV interrupt is
not asserted if the overvoltage event occurs during start up. The VPWROVS bit can be read using I2C to detect an overvoltage condition.
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6.3.5.3 External components

Table 43 lists the typical component values for the general purpose LDO regulators.

Table 43. Input LDO external components

Component

Value

Minimum output capacitor on VIN rail

100 pF ©6)

MP1

Fairchild FDMA908PZ, Vishay SiA447DJ, or comparable

Notes

56. Use X5R/X7R ceramic capacitors with a voltage rating at least two times the nominal voltage. The 100 uF capacitance is the
total capacitance on the VIN rail including the capacitance at the various regulator inputs. For example, 2 x 22 pF capacitors can
be used along with 10 uF capacitors at all the SWx and LDOx inputs to achieve a total of 100 uF capacitance.

6.3.6 Internal core voltages

All regulators use the main bandgap as the reference. The main bandgap is bypassed with a capacitor at VCOREREF. VCOREDIG is a
1.5 V regulator that powers all the digital logic in the PF3000. VCOREDIG is regulated at 1.28 V in Off and coin cell modes. The VCORE
supply is used to bias internal analog rails and the OTP fuses. No external DC loading is allowed on VCORE, VCOREDIG, or VCOREREF.
VCOREDIG is kept powered as long as there is a valid supply and/or valid coin cell.

6.3.7 VREFDDR voltage reference

VREFDDR is an internal PMOS half supply voltage follower capable of supplying up to 10 mA. The output voltage is at one half the input
voltage. ltis typically used as the reference voltage for DDR memories. A filtered resistor divider is utilized to create a low frequency pole.
This divider then uses a voltage follower to drive the load.
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Char
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Figure 8. VREFDDR block diagram
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6.3.7.1 VREFDDR external components

Table 44. VREFDDR external components ©7)

Capacitor Capacitance (uF)
VINREFDDR (8) to VHALF 0.1
VHALF to GND 0.1
VREFDDR 1.0

Notes
57. Use X5R or X7R capacitors.
58. VINREFDDR to GND, 1.0 uF minimum capacitance is provided by buck regulator output.

6.3.8 Buck regulators

The PF3000 integrates four independent buck regulators: SW1A, SW1B, SW2, and SW3. Regulators SW1A and SW1B regulators can
be configured as a single regulator through OTP. Output of the buck regulators during start up is programmable through OTP. Each
regulator has associated registers that control its output voltage during On, standby, and sleep modes. During start-up, contents of the
OTP_SWx_VOLT register is copied onto the SWxVOLT[4:0], SWxSTBY[4:0] and SWxOFF[4:0]. After boot up, contents of the SWxVOLT,
SWxSTBY and SWxOFF registers can be set through I°C to set the output voltage during On, standby, and sleep modes respectively.

VIN
SWxIN D > < SWxMODE
» |
CINSW)( CINSWxHF SENSE
| | i L.
- - -
SWx SWLX Controller
H’TW, { Driver
LSWX
Coswx EP F - SWXFAULT |
- J{ ¢ Interface -
Internal
Compensation
SWxFB L
r— VRer
DAC
j‘— Discharge
Figure 9. Generic SWx block diagram
Table 45. SWx regulators external components
Components Description Values
CINSWx SWhx input capacitor 4.7 uF
CINSWxHF SWx decoupling input capacitor 0.1 uF
2x22 uF (10 V or higher voltage
COSWx SWhx output capacitor rated capacitors) or 3 x 22 uF
(6.3 V rated capacitors)
LSWx SWx inductor 1.5 uH
Use X5R or X7R capacitors with voltage rating at least two times the nominal voltage.
PF3000
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6.3.8.1 Swi

tching modes

To improve system efficiency the buck regulators can operate in different switching modes. Changing between switching modes can occur
by any of the following means: 12c programming, exiting/entering the standby mode, exiting/entering sleep mode, and load current
variation. Available switching modes for buck regulators are presented in Table 45.

Table 46. Switching mode description

Mode Description

OFF The regulator is switched off and the output voltage is discharged using an internal resistor
In this mode, the regulator operates in forced PFM mode. The main error amplifier is turned

PFM off and a hysteretic comparator is used to regulate output voltage. Use this mode for load
currents less than 50 mA.

PWM In this mode, the regulator operates in forced PWM mode.
In this mode, the regulator operates in pulse skipping mode at light loads and switches over

APS to PWM modes for heavier load conditions. This is the default mode in which the regulators
power up during a turn-on event.

During soft-start of the buck regulators, the controller transitions through the PFM, APS, and PWM switching modes. 3.0 ms after the
output voltage reaches regulation, the controller transitions to the selected switching mode. Depending on the particular switching mode
selected, additional ripple may be observed on the output voltage rail as the controller transitions between switching modes. The operating
mode of the regulator in On and standby modes is controlled using the SWxMODE[3:0] bits associated with each regulator. Table 46
summarizes the buck regulator programmability for normal and standby modes.

Table 47. Regulator mode control

SWxMODE[3:0] Normal mode Standby mode
0000 Off Off
0001 PWM Off
0010 Reserved Reserved
0011 PFM Off
0100 APS Off
0101 PWM PWM
0110 PWM APS
0111 Reserved Reserved

1000 (default) APS APS
1001 Reserved Reserved
1010 Reserved Reserved
1011 Reserved Reserved
1100 APS PFM
1101 PWM PFM
1110 Reserved Reserved
1111 Reserved Reserved

Transitioning between normal and standby modes can affect a change in switching modes as well as output voltage. When in standby
mode, the regulator outputs the voltage programmed in its standby voltage register and operates in the mode selected by the
SWxMODE][3:0] bits. Upon exiting standby mode, the regulator returns to its normal switching mode and its output voltage programmed

in its voltage register.

PF3000
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Any regulators whose SWxOMODE bit is set to “1” enters sleep mode if a PWRON turn-off event occurs, and any regulator whose
SWxOMODE bit is set to “0” is turned off. In sleep mode, the regulator outputs the voltage programmed in SWxOFF registers and operates
in the PFM mode. The regulator exits the sleep mode when a turn-on event occurs. Any regulator whose SWxOMODE bit is set to “1”
remains on and changes to its normal configuration settings when exiting the Sleep state to the ON state. Any regulator whose
SWxOMODE bit is set to “0” is powered up with the same delay in the start-up sequence as when powering ON from Off. At this point, the
regulator returns to its default ON state output voltage and switch mode settings.

When sleep mode is activated by the SWxOMODE bit, the regulator uses the set point as programmed by SW1xOFF[4:0] for
SW1A/B and by SW20FF[2:0] for SW2, and SW3OFF[3:0] for SW3.

6.3.8.2 Dynamic voltage scaling

To reduce overall power consumption, processor core voltages can be varied depending on the mode or activity level of the processor.

1. Normal operation: The output voltage is selected by 1°C bits SW1x[4:0] for SW1A/B and SW2[2:0] for SW2, and SW3[3:0] for SW3.
A voltage transition initiated by 12C is governed by the DVS stepping rates shown in Table 48.

2. Standby mode: The output voltage can be selected by 12C bits SW1xSTBY[4:0] for SW1A/B and by bits SW2STBY[2:0] for SW2,
and SW3STBY[3:0] for SW3. Voltage transitions initiated by a Standby event are governed by the DVS stepping rates shown in

Table 48.

3. 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 12C bits SW1xOFF[4:0] for SW1A/B and by bits SW20FF[2:0] for SW2,
and SW3OFF[3:0] for SW3. Voltage transitions initiated by a turn-off event are governed by the DVS stepping rates shown in

Table 48.
Table 48. DVS speed selection for SWx

SWxDVSSPEED Function
0 25 mV step each 2.0 us
1 25 mV step each 4.0 us

The regulators have a strong sourcing capability and sinking capability in PWM mode, therefore the fastest rising and falling slopes are
determined by the regulator in PWM mode. However, if the regulators are programmed in PFM or APS mode during a DVS transition, the
falling slope can be influenced by the load. Additionally, as the current capability in PFM mode is reduced, controlled DVS transitions in
PFM mode could be affected. Critically timed DVS transitions are best assured with PWM mode operation.

Figure 10 shows the general behavior for the regulators when initiated with 12C programming, or standby control. During the DVS period

the overcurrent condition on the regulator should be masked.
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Note: In SW1A independent and SW1AB single phase modes, DVS to and from the 1.8 V and 3.3 V output voltage settings is not allowed.
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6.3.8.3 Regulator phase clock

The SWxPHASE[1:0] bits select the phase of the regulator clock as shown in Table 49. By default, each regulator is initialized at 90 ° out
of phase with respect to each other. For example, SW1x is set to 0 °, SW2 is set to 90 °, and SW3 is set to 180 ° by default at power up.

Table 49. Regulator phase clock selection

SWxPHASE[1:0]

Phase of clock sent to
regulator (degrees)

00 0

01 90
10 90
11 270

The SWxFREQ[1:0] register is used to set the desired switching frequency for each one of the buck regulators. Table 51 shows the
selectable options for SWxFREQ[1:0]. For each frequency, all phases are available, this allows regulators operating at different
frequencies to have different relative switching phases. However, not all combinations are practical. For example, 2.0 MHz, 90 ° and
4.0 MHz, 180 ° are the same in terms of phasing. Table 50 shows the optimum phasing when using more than one switching frequency.

Table 50. Optimum phasing

Frequencies

Optimum Phasing

S

1.0 MHz 0°
2.0 MHz 180°
1.0 MHz 0°
4.0 MHz 180°
2.0 MHz 0°
4.0 MHz 180°
1.0 MHz 0°
2.0 MHz 90°
4.0 MHz 90°
Table 51. Regulator frequency configuratio
SWxFREQ[1:0] Frequency
00 1.0 MHz
01 2.0 MHz (default)
10 4.0 MHz
11 Reserved

6.3.8.4 SW1A/B

SW1A/B are 1 to 2.75 A buc