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14 channel configurable power
management integrated circuit

The PF0100 SMARTMOS power management integrated circuit (PMIC)
provides a highly programmable/ configurable architecture, with fully integrated
power devices and minimal external components. With up to six buck
converters, six linear regulators, RTC supply, and coin-cell charger, the
PF0100 can provide power for a complete system, including applications
processors, memory, and system peripherals, in a wide range of applications.
With on-chip one time programmable (OTP) memory, the PF0100 is available
in pre-programmed standard versions, or non-programmed to support custom
programming. The PF0100 is defined to power an entire embedded MCU
platform solution such as i.MX 6 based eReader, IPTV, medical monitoring, and
home/factory automation.

Features:
» Four to six buck converters, depending on configuration
+ Single/Dual phase/ parallel options
+ DDR termination tracking mode option
» Boost regulator to 5.0 V output
+ Six general purpose linear regulators
* Programmable output voltage, sequence, and timing
» OTP (one time programmable) memory for device configuration
» Coin cell charger and RTC supply
+ DDR termination reference voltage
» Power control logic with processor interface and event detection
« I2C control
* Individually programmable ON, OFF, and standby modes
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Applications:
» Tablets

« IPTV

» eReaders

» Set top boxes

* Industrial control
» Medical monitoring
* Home automation/ alarm/ energy management
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ORDERABLE PARTS

1 Orderable parts

The PF0100 is available with both pre-programmed and non-programmed OTP memory configurations. The non-programmed device uses
“NP” as the programming code. The pre-programmed devices are identified using the program codes from Table 1, which also list the
associated NXP reference designs where applicable. Details of the OTP programming for each device can be found in Table 10.

Table 1. Orderable Part Variations

Part Number Temperature (T,) Package Programming Reference Designs Notes
MMPFO0100NPAEP NP N/A
MCIMX6Q-SDP @
MMPFO0100FOAEP FO MCIMX6Q-SDB
MCIMX6DL-SDP
MMPFO0100F1AEP F1 MCIMX6SLEVK ), @), )
MMPF0100F2AEP oo Cro8s v 56 QFN 8x8 mm - 0.5 mm pitch F2 N/A
(for use in consumer E-Type QFN (full lead)
MMPF0100F3AEP applications) F3 N/A
MMPFO0100F4AEP F4 N/A (1), (2)
MMPFO0100F6AEP F6 MCIMX6SX-SDB
MMPFO0100FCAEP FC N/A
(1), (2)
MMPFO0100FDAEP FD MCIMX6SLLEVK
MMPFO0100NPANES NP N/A (1), (2), (4)
MCIMX6Q-SDP
MMPFO0100FOANES FO MCIMX6Q-SDB
MCIMX6DL-SDP
MMPF0100F3ANES F3 N/A M.@
MMPF0100F4ANES (f'4° Cto 1(:5 °(§3 ) 56 QFN 8x8 mm - 0.5 mm pitch F4 N/A
or use in extende
MMPF0100F6ANES industrial applications) WF-Type QFN (wettable flank) F6 MCIMX6SX-SDB
MMPFO0100F9ANES F9 N/A
MMPFO0100FAANES FA N/A (1), (2), (4)
MMPF0100FBANES FB N/A
MMPF0100FCANES FC N/A (1), (2)

Notes

1.  For tape and reel, add an R2 suffix to the part number.
2. For programming details see Table 10. The available OTP options are not restricted to the listed reference designs. They can be used in any

application where the listed voltage and sequence details are acceptable.
3. For designs using the i.MX 6SoloLite, it is recommended to use the F3 OTP option instead of the F1 OTP option and F4 OTP option instead of

the F2 OTP option.

4.  SW2 can support an output current rating of 2.5 A in NP, F9, and FA Industrial versions only (ANES suffix) when SW2ILIM=0

PF0100
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1.1

PF0100 version differences

ORDERABLE PARTS

PFO0100A is an improved version of the PF0100 power management IC. Table 2 summarizes the difference between the two versions and
should be referred to when migrating from the PF0100 to the PFO100A. Note that programming options are the same for both versions of

the device.

Table 2. Differences between PF0100 and PF0100A

Description

PF0100

PF0100A

Version identification

Reading SILICON REV register at address 0x03
returns Ox11. DEVICEID register at address 0x00
reads 0x10 in PFO100 and PFO100A

Reading SILICON REV register at address 0x03
returns Ox21. DEVICEID register at address 0x00
reads 0x10 in PFO100 and PFO100A

VSNVS current limit

VSNVS current limit increased in the PFO100A

programming

OTP_FUSE_PORXxregister setting during OTP

In the PF0100, FUSE_POR1, FUSE_PORZ2, and
FUSE_PORS3 bits are XOR’ed into the
FUSE_POR_XOR bit. The FUSE_POR_XOR bit
has to be 1 for fuses to be loaded during startup.
This can be achieved by setting any one or all of the
FUSE_PORX bits during OTP programming.

In the PFO100A, the XOR function is removed. Itis
required to set FUSE_POR1, FUSE_PORZ2, and
FUSE_PORS3 bits during OTP programming.

Erratum ER19

Erratum ER19 applicable to PF0100. Applications
expecting to operate in the conditions mentioned in
ER19 need to implement an external workaround to
overcome the problem. Refer to the product errata
for details

Errata ER19 fixed in PFO100A. External
workaround not required

Erratum ER20

Erratum ER20 applicable to PF0100

Errata ER20 fixed in PFO100A

Erratum ER22

Erratum ER22 applicable to PF0100

Errata ER22 fixed in PFO100A. Workaround not
required

In addition to the version differences, Table 3 shows the differences on the test temperature rating for each version of PF0100 covered

on this datasheet.

Table 3. Ambient temperature range

Device Qualification tier Ambient temperature range
(Tmin to Tmax)
MMPFO0100 Consumer and Industrial Tpo=-40°Cto 85°C
MMPF0100A Consumer Tpo=-40°Cto 85°C
MMPFO0100AN Extended Industrial Tpo=-40°Cto 105 °C

PF0100
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INTERNAL BLOCK DIAGRAM

2 Internal block diagram
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Figure 2. Simplified internal block diagram

PF0100

6 NXP Semiconductors



PIN CONNECTIONS

Pin connections

3

Pinout diagram

3.1
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PIN CONNECTIONS

3.2

Pin definitions

Table 4. PF0100 pin definitions

. . Pin . L
Pin number Pin name function Max rating Type Definition
1 INTB O 3.6V Digital Open drain interrupt signal to processor
2 SDWNB (0] 36V Digital Open drain signal to indicate an imminent system shutdown
3 RESETBMCU o 36V Digital Open drain reset output to processor. Alternatively can be used as a power
good output.
4 STANDBY | 36V Digital Standby input signal from processor
Digital/ . . I
5 ICTEST | 75V Reserved pin. Connect to GND in application.
Analog
(6) Output voltage feedback for SW1A/B. Route this trace separately from the
6 SW1FB 36V Analog high current path and terminate at the output capacitance.
(6) Input to SW1A regulator. Bypass with at least a 4.7 uF ceramic capacitor
7 SWIAIN I 48V Analog and a 0.1 uF decoupling capacitor as close to the pin as possible.
8 SW1ALX © (0] 48V Analog | Regulator 1A switch node connection
9 sw1BLX ©) (0] 48V Analog | Regulator 1B switch node connection
10 SW1BIN © | 48V Analog Input to SW1B regula_ltor. Bypa_ss with at least a 4.7_ uF ceramic capacitor
and a 0.1 uF decoupling capacitor as close to the pin as possible.
11 swicLx ©) 0 48V Analog | Regulator 1C switch node connection
12 SWACIN © | 48V Analog Input to SW1C regula_tor. Bypags with at least a 4.7_pF ceramic capacitor
and a 0.1 uF decoupling capacitor as close to the pin as possible.
13 SW1CFR © 3.6V Analog O_utput voltage feedback fo_r SW1C. Route this tracg separately from the
high current path and terminate at the output capacitance.
Ground reference for regulators SW1ABC. It is connected externally to
14 SW1VSSSNS GND ) GND GNDREF through a board ground plane.
Ground reference for regulators SW2 and SW4. It is connected externally to
15 GNDREF1 GND ) GND GNDREF, via board ground plane.
16 VGEN1 (0] 25V Analog | VGENT1 regulator output, Bypass with a 2.2 uF ceramic output capacitor.
17 VIN | 36V Analog VGEN1_, 2 input st_JppIy. Bypass with a 1.0 uF decoupling capacitor as close
to the pin as possible.
18 VGEN2 (0] 25V Analog | VGEN2 regulator output, Bypass with a 4.7 uF ceramic output capacitor.
19 SW4FB ©) | 36V Analog Output voltage feedba_ck for SW4. Route this trgce separately from the high
current path and terminate at the output capacitance.
20 SWA4IN ©) | 48V Analog Input to SW4 regglator. Bypass with at least a 4_.7uF ceramic capacitor and
a 0.1 uF decoupling capacitor as close to the pin as possible.
21 swalLXx (©) (0] 48V Analog | Regulator 4 switch node connection
22 Sw2LX (©) o} 48V Analog | Regulator 2 switch node connection
23 SW2IN ©) | 48V Analog Input to SW2 regulator. Connect pin 23 together with pin 24 and bypass with
5 at least a 4.7 uF ceramic capacitor and a 0.1 uF decoupling capacitor as
24 SW2IN ©) I 4.8V Analog | close to these pins as possible.
(6) Output voltage feedback for SW2. Route this trace separately from the high
25 SW2FB I 36V Analog current path and terminate at the output capacitance.
26 VGEN3 (0] 36V Analog | VGENS regulator output. Bypass with a 2.2 uF ceramic output capacitor.
27 VIN2 | 36V Analog V_GEN3,4 in_put. Bypass with a 1.0 uF decoupling capacitor as close to the
pin as possible.
28 VGEN4 (0] 36V Analog | VGEN4 regulator output, Bypass with a 4.7 uF ceramic output capacitor.
PF0100
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Table 4. PF0100 pin definitions (continued)

PIN CONNECTIONS

Pin

Pin number Pin name function Max rating Type Definition
29 VHALF | 3.6V Analog Half supply reference for VREFDDR
30 VINREFDDR | 36V Analog VREFDDR regulgtor input. _Bypass with at least 1.0 uF decoupling capacitor
as close to the pin as possible.
31 VREFDDR (0] 3.6V Analog | VREFDDR regulator output
Ground reference for the SW3 regulator. Connect to GNDREF externally via
32 SW3VSSSNS GND ) GND the board ground plane.
33 SW3BFB © 36V Analog Output voltage feedba_ck for SW3B. Route this trace separately from the high
current path and terminate at the output capacitance.
34 SW3BIN © | 48V Analog Input to SW3B regula_tor. Bypa§s with at least a 4.7_uF ceramic capacitor
and a 0.1 uF decoupling capacitor as close to the pin as possible.
35 SW3BLX © o} 48V Analog | Regulator 3B switch node connection
36 SW3ALX ©) (0] 48V Analog | Regulator 3A switch node connection
37 SW3AIN ©) | 48V Analog Input to SW3A regula_tor. Bypas_s with at least a 4.7_uF ceramic capacitor
and a 0.1 uF decoupling capacitor as close to the pin as possible.
6) Output voltage feedback for SW3A. Route this trace separately from the high
38 SW3AFB I 36V Analog current path and terminate at the output capacitance.
39 VGENS5 (0] 3.6V Analog | VGENS regulator output. Bypass with a 2.2 puF ceramic output capacitor.
40 VIN3 | 48V Analog V_GEN5, 6 ir_1put. Bypass with a 1.0 uF decoupling capacitor as close to the
pin as possible.
41 VGENG6 (0] 3.6V Analog | VGENG regulator output. By pass with a 2.2 uF ceramic output capacitor.
42 LICELL 1/0 3.6V Analog Coin cell supply input/output
43 VSNVS (0] 3.6V Analog LDO or coin cell output to processor
(6) Boost regulator feedback. Connect this pin to the output rail close to the
44 SWBSTFB I 55V Analog load. Keep this trace away from other noisy traces and planes.
45 SWBSTIN © | 48V Analog Input to SWBST regu_lator. Bypgss with at least a 2._2 uF ceramic capacitor
and a 0.1 uF decoupling capacitor as close to the pin as possible.
46 SWBSTLX © o) 75V Analog | SWBST switch node connection
Digital and
®)
47 VDDOTP | 10V Analog Supply to program OTP fuses
48 GNDREF GND - GND Ground reference for the main band gap regulator.
49 VCORE (0] 36V Analog | Analog Core supply
50 VIN | 48V Analog Main chip supply
51 VCOREDIG O 1.5V Analog Digital Core supply
52 VCOREREF (0] 15V Analog | Main band gap reference
53 SDA 110 36V Digital I°C data line (Open drain)
54 SCL | 3.6V Digital 1°C clock
55 VDDIO | 36V Analog | Supply for I2C bus. Bypass with 0.1 LF ceramic capacitor
56 PWRON | 36V Digital Power On/off from processor
Expose pad. Functions as ground return for buck regulators. Tie this pad to
- EP GND - GND the inner and external ground planes through vias to allow effective thermal
dissipation.
Notes

5. 10 V Maximum voltage rating during OTP fuse programming. 7.5 V Maximum DC voltage rated otherwise.
6.  Unused switching regulators should be connected as follow: Pins SWxLX and SWxFB should be unconnected and Pin SWxIN should be
connected to VIN with a 0.1 uF bypass capacitor.

PF0100
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GENERAL PRODUCT CHARACTERISTICS

4 General product characteristics

4.1 Absolute maximum ratings

Table 5. Absolute maximum 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
VN Main input supply voltage -0.3t0 4.8
VbopoTp OTP programming input supply voltage -0.3t0 10
V0ICELL Coin cell voltage -0.3t03.6
ESD ratings
VEesp Human body model +2000 % )
Charge device model +500
Notes

7.  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 (Czpp = 4.0 pF).

PF0100
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GENERAL PRODUCT CHARACTERISTICS

4.2 Thermal characteristics

Table 6. Thermal ratings

Symbol Description (rating) Min. Max. Unit Notes
Thermal ratings
Ambient operating temperature range
T * PF0100 -40 85 oc
A « PFO100A -40 85
* PFO100AN -40 105
Ty Operating junction temperature range -40 125 °C ®)
TsT Storage temperature range -65 150 °C
TppRT Peak package reflow temperature - Note 10 °C (©)(10)
QFN56 thermal resistance and package dissipation ratings
Junction to ambient
« Natural convection
o (11)(12)(13)
Roua « Four layer board (2s2p) - 28 cw
« Eight layer board (2s6p) - 15
Junction to ambient (@200 ft/min) R (1)(13)
Rouma « Four layer board (2s2p) - 22 cw
Ress Junction to board - 10 °CIW (14)
ReJceoTToM | Junction to case bottom - 1.2 °CIW (19)
T Junction to package t.op _ 20 W (16)
* Natural convection

Notes
8. Do not operate beyond 125 °C for extended periods of time. Operation above 150 °C may cause permanent damage to the IC. See Table 7 for
thermal protection features.
9. 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.

10. 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.

11.  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.

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

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

14.  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.

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

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

4.21 Power dissipation

During operation, the temperature of the die should not exceed the operating junction temperature noted in Table 6. To optimize the
thermal management and to avoid overheating, the PF0100 provides thermal protection. An internal comparator monitors the die
temperature. Interrupts THERM1101, THERM120I, THERM125I, and THERM130I are generated when the respective thresholds specified
in Table 7 are crossed in either direction. The temperature range can be determined by reading the THERMxxxS bits in register
INTSENSEOQ.

In the event of excessive power dissipation, thermal protection circuitry shuts down the PF0100. This thermal protection acts above the
thermal protection threshold listed in Table 7. To avoid any unwanted power downs resulting from internal noise, the protection is
debounced for 8.0 ms. This protection should be considered as a fail-safe mechanism and therefore the system should be configured so
protection is not tripped under normal conditions.

PF0100
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GENERAL PRODUCT CHARACTERISTICS

Table 7. Thermal protection thresholds

Parameter Min. Typ. Max. Units
Thermal 110 °C Threshold (THERM110) 100 110 120 °C
Thermal 120 °C Threshold (THERM120) 110 120 130 °C
Thermal 125 °C Threshold (THERM125) 115 125 135 °C
Thermal 130 °C Threshold (THERM130) 120 130 140 °C
Thermal Warning Hysteresis 2.0 - 4.0 °C
Thermal Protection Threshold 130 140 150 °C

4.3 Electrical characteristics

4.3.1 General specifications

Table 8. General PMIC static characteristics.

Twmin to Tpax (See Table 3), VIN=2.8t0 4.5 V, VDDIO = 1.7 to 3.6 V, typical external component values and full load current range, unless

otherwise noted.

Pin name Parameter Load condition Min. Max. Unit
ViL - 0.0 0.2 * VSNVS \%
PWRON
Viy - 0.8 * VSNVS 3.6
VoL -2.0 mA 0.0 0.4 \%
RESETBMCU
Vou Open Drain 0.7* VIN VIN \
VL - 0.0 0.2 *vDDIO V
SCL
Viy - 0.8 *VDDIO 3.6 \
ViL - 0.0 0.2 *VDDIO \%
Viy - 0.8 *VDDIO 3.6 \
SDA
VoL -2.0 mA 0.0 0.4 \%
VoH Open Drain 0.7*vDDIO VDDIO \%
VoL -2.0 mA 0.0 0.4 \Y
INTB
Vo Open Drain 0.7 VIN VIN \Y
VoL -2.0 mA 0.0 0.4 \%
SDWNB
Vou Open Drain 0.7* VIN VIN \
ViL - 0.0 0.2 * VSNVS \%
STANDBY
Viy - 0.8 * VSNVS 3.6 \%
Vi - 0.0 0.3 \
VDDOTP
Viy - 1.1 1.7 \%

PF0100
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4.3.2 Current consumption

Table 9. Current consumption summary

Twvin 1o Tyax (See Table 3), VIN=3.6 V, VDDIO =1.7Vto 3.6 V, LICELL = 1.8 Vto 3.3 V, VSNVS = 3.0 V, typical external component
values, unless otherwise noted. Typical values are characterized at VIN = 3.6 V, VDDIO = 3.3V, LICELL = 3.0V, VSNVS = 3.0 V and
25 °C, unless otherwise noted.

GENERAL PRODUCT CHARACTERISTICS

Mode

PF0100 conditions

System conditions

Typical

MAX

Unit

Notes

Coin Cell

VSNVS from LICELL
All other blocks off

VIN=0.0V
VSNVSVOLT[2:0] = 110

No load on VSNVS

4.0

7.0

UA

Off
MMPFO0100

VSNVS from VIN or LICELL
Wake-up from PWRON active
32k RCon

All other blocks off

VIN > UVDET

No load on VSNVS, PMIC able to wake-up

16

21

HA

(18),(19)

Off
MMPFO0100A

VSNVS from VIN or LICELL
Wake-up from PWRON active
32k RCon

All other blocks off

VIN > UVDET

No load on VSNVS, PMIC able to wake-up

17

25

HA

(18),(19)

Sleep

VSNVS from VIN

Wake-up from PWRON active
Trimmed reference active
SW3A/B PFM

Trimmed 16 MHz RC off

32k RC on

VREFDDR disabled

No load on VSNVS. DDR memories in self
refresh

122

122

22022

25021

HA

(19)

Standby
MMPF0100

VSNVS from either VIN or LICELL
SW1A/B combined in PFM
SW1C in PFM

SW2 in PFM

SW3A/B combined in PFM
SW4 in PFM

SWBST off

Trimmed 16 MHz RC enabled
Trimmed reference active
VGEN1-6 enabled
VREFDDR enabled

No load on VSNVS. Processor enabled in
low power mode. All rails powered on
except boost (load = 0 mA)

297

297

450 (20)

1000 (22)

HA

Standby
MMPFO0100A

VSNVS from either VIN or LICELL
SW1A/B combined in PFM
SW1C in PFM

SW2 in PFM

SW3A/B combined in PFM
SW4 in PFM

SWBST off

Trimmed 16 MHz RC enabled
Trimmed reference active
VGEN1-6 enabled
VREFDDR enabled

No load on VSNVS. Processor enabled in
low power mode. All rails powered on
except boost (load = 0 mA)

297

297

450 (22)

55021

UA

(19)

Notes

17.  Refer to Figure 4 for coin cell mode characteristics over temperature.
18.  When VIN is below the UVDET threshold, in the range of 1.8 V <V|\ < 2.65 V, the quiescent current increases by 50 pA, typically.
19.  For PFM operation, headroom should be 300 mV or greater.
20. From0°Cto85°C
21.  From -40 °C to 105 °C, applicable only to extended industrial parts.

22.  From -40 °C to 85 °C, applicable to consumer, industrial and extended industrial part numbers.
23.  Additional current may be drawn in the coin cell mode when RESETBMCU is pulled up to VSNVS due an internal path from RESETBMCU to V.

The additional current is < 30 pA with a pull up resistor of 100 kQ. The i.MX 6x processors have an internal pull up from the POR_B pin to the
VDD_SNVS_IN pin. For i.MX 6x applications, if additional current in the coin cell mode is not desired, use an external switch to disconnect the

RESETBMCU path when V,y is removed. For non-i.MX 6 applications, pull-up RESETBMCU to a rail off in the coin cell mode.

PF0100
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PF0100

Coin Cell mode current (uA)

Coin cell mode

100 1

10 1

-40 -20 0 20 40 60 80
Temperature (°C)

Figure 4. Coin cell mode current vs temperature
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GENERAL DESCRIPTION

5 General description

The PF0100 is the power management integrated circuit (PMIC) designed primarily for use with NXP’s i.MX 6 series of application
processors.

5.1 Features

This section summarizes the PF0100 features.
* Input voltage range to PMIC: 2.8 V-4.5V
* Buck regulators
* Four to six channel configurable
+ SW1A/B/C, 4.5 A (single); 0.3V t0 1.875V
+ SW1A/B, 2.5 A (single/dual); SW1C 2.0 A (independent); 0.3 V to 1.875V
« SW2,2.0A;04V1t033V (25A;1.2Vto3.3V @)
+ SWB3A/B, 2.5 A (single/dual); 0.4 Vto 3.3V
+ SWB3A, 1.25 A (independent); SW3B, 1.25 A (independent); 0.4 V to 3.3 V
+ SW4,10A;04Vt03.3V
+ SW4, VTT mode provide DDR termination at 50% of SW3A
+ Dynamic voltage scaling
* Modes: PWM, PFM, APS
* Programmable output voltage
* Programmable current limit
* Programmable soft start
* Programmable PWM switching frequency
* Programmable OCP with fault interrupt
+ Boost regulator
« SWBST, 5.0Vt05.15V, 0.6 A, OTG support
* Modes: PFM and auto
» OCP fault interrupt
+ LDOs
» Six user programable LDO
*+ VGEN1,0.80Vto 1.55V, 100 mA
*+ VGENZ2,0.80 Vto 1.55V, 250 mA
*+ VGEN3, 1.8 Vt0 3.3V, 100 mA
+ VGEN4, 1.8 Vt0 3.3V, 350 mA
*+ VGENS5, 1.8 Vt0 3.3V, 100 mA
*+ VGENSG, 1.8 Vt0 3.3V, 200 mA
» Soft start
» LDO/switch supply
» VSNVS (1.0/1.1/1.2/1.3/1.5/1.8/3.0 V), 400 uA
+ DDR memory reference voltage
*+ VREFDDR, 0.6 Vt0 0.9V, 10 mA
* 16 MHz internal master clock
» OTP(one time programmable) memory for device configuration
» User programmable start-up sequence and timing
+ Battery backed memory including coin cell charger
« I°C interface
» User programmable standby, sleep, and off modes

Notes
24. SW2 capable of 2.5 Ain NP, F9, and FA Industrial versions only (ANES suffix)

PF0100

NXP Semiconductors 15



GENERAL DESCRIPTION

5.2 Functional block diagram

MMPF0100 functional internal block diagram

OTP startup configuration
OTP prototyping Voltage Switching regulators Linear regulators
(Try before buy)
; SW1A/B/C VGEN1
Sequence and Phasing and 0.3V to 1.875 V) (0.8 Vto 1.55 V, 100 mA)
timing frequency selection Configurable 4.5 A or
25A+20A VGEN2

(0.8 V t0 1.55 V, 250 mA)

Internal core voltage reference sSw2
g (0.4V1t03.3V,2.0A) VGEN3
(1.8 V10 3.3V, 100 mA)

DDR voltage reference

SW3A/B VGEN4
(0.4Vt03.3V) (1.8 Vto 3.3V, 350 mA)
Configurable 2.5 A
Parallel MCU interface || Regulator control or1.25 A+1.25 A VGENS5

(1.8Vt03.3V, 100 mA)

I?C communication and registers
sSw4 VGEN6

(04V1t033V,1.0A) (1.8 V to 3.3 V, 200 mA)
VSNVS
. Boost Regulator
Thermal Current limit (5.0 V/ 10 5.15 V, 600 mA) (1R$_2:/ ;?,:,;?y\c&%ogo‘if)ce||
Short-circuit s eeSissy charger

Figure 5. Functional block diagram

5.3  Functional description

5.3.1 Power generation

The PF0100 PMIC features four buck regulators (up to six independent outputs), one boost regulator, six general purpose LDOs, one
switch/LDO combination and a DDR voltage reference to supply voltages for the application processor and peripheral devices.

The number of independent buck regulator outputs can be configured from four to six, thereby providing flexibility to operate with higher
current capability, or to operate as independent outputs for applications requiring more voltage rails with lower current demands. Further,
SW1 and SW3 regulators can be configured as single/dual phase and/or independent converters. One of the buck regulators, SW4, can
also operate as a tracking regulator when used for memory termination. The buck regulators provide the supply to processor cores and
to other low voltage circuits such as |0 and memory. Dynamic voltage scaling is provided to allow controlled supply rail adjustments for
the processor cores and/or other circuitry.

Depending on the system power path configuration, the six general purpose LDO regulators can be directly supplied from the main input
supply or from the switching regulators to power peripherals, such as audio, camera, Bluetooth, Wireless LAN, etc. A specific VREFDDR
voltage reference is included to provide accurate reference voltage for DDR memories operating with or without VTT termination. The
VSNVS block behaves as an LDO, or as a bypass switch to supply the SNVS/SRTC circuitry on the i.MX processors; VSNVS may be
powered from VIN, or from a coin cell.

5.3.2 Control logic

The PF0100 PMIC is fully programmable via the I12C interface. Additional communication is provided by direct logic interfacing including
interrupt and reset. Start-up sequence of the device is selected upon the initial OTP configuration explained in the Start-up section, or by
configuring the “Try Before Buy” feature to test different power up sequences before choosing the final OTP configuration.

The PF0100 PMIC has the interfaces for the power buttons and dedicated signaling interfacing with the processor. It also ensures supply
of critical internal logic and other circuits from the coin cell in case of brief interruptions from the main battery. A charger for the coin cell
is included as well.

PF0100
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5.3.2.1 Interface signals

5.3.2.1.1 PWRON

PWRON is an input signal to the IC generating a turn-on event. It can be configured to detect a level, or an edge using the PWRON_CFG
bit. Refer to section 6.4.2.1 Turn on events, page 31 for more details.

5.3.21.2 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. Refer to the section 6.4.1.3 Standby mode,
page 29 for more details.

Note: When operating the PMIC at VIN < 2.85 V and VSNVS is programmed for a 3.0 V output, a coin cell must be present to provide
VSNVS, or the PMIC does not reliably enter and exit the STANDBY mode.

5.3.2.1.3 RESETBMCU

RESETBMCU is an open drain, active low output configurable for two modes of operation. In its default mode, it is de-asserted 2.0 ms to
4.0 ms after the last regulator in the start-up sequence is enabled; refer to Figure 6 as an example. In this mode, the signal can be used
to bring the processor out of reset, or as an indicator that all supplies have been enabled; it is only asserted for a turn-off event.

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 anytime, if a fault occurs and persists for 1.8 ms typically, RESETBMCU is asserted, LOW. The PF0100 is turned off if the
fault persists for more than 100 ms typically. The PWRON signal restarts the part, though if the fault persists, the sequence described
above is repeated. To enter the fault mode, set bit OTP_PG_EN of register OTP PWRGD EN to “1”. This register, OxES, is located on
Table 137 of the register map. To test the fault mode, the bit may be set during TBB prototyping, or the mode may be permanently chosen
by programming OTP fuses.

5.3.2.1.4 SDWNB

SDWNB is an open drain, active low output notifying the processor of an imminent PMIC shut down. It is asserted low for one 32 kHz clock
cycle before powering down and is then de-asserted in the OFF state.

5.3.21.5 INTB

INTB is an open drain, active low output. It is asserted when any fault occurs, provided 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.

PF0100
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6 Functional block requirements and behaviors

6.1 Start-up

The PF0100 can be configured to start-up from either the internal OTP configuration, or with a hard-coded configuration built in to the
device. The internal hard-coded configuration is enabled by connecting the VDDOTP pin to VCOREDIG through a 100 kQ resistor. The
OTP configuration is enabled by connecting VDDOTP to GND.

For NP devices, selecting the OTP configuration causes the PF0100 to not start-up. However, the PF0100 can be controlled through the
12c port for prototyping and programming. Once programmed, the NP device starts up with the customer programmed configuration.

6.1.1 Device start-up configuration

Table 10 shows the default configuration, which can be accessed on all devices as described previously, as well as the pre-programmed
OTP configurations.

Table 10. Start-up configuration

D_efault. Pre-programmed OTP configuration
Registers configuration
All devices FO F129 | F2(25) F3 F4 F6 F9 FA FB FC FD
Default I°C Address 0x08 0x08 0x08 0x08 0x08 0x08 0x08 0x08 0x08 0x08 0x08 0x08
VSNVS_VOLT 3.0V 3.0V 3.0V 3.0V 3.0V 3.0V 3.0V 3.0V 3.0V 3.0V 3.0V 3.0V
SW1AB_VOLT 1.375V 1375V | 1375V | 1375V | 1375V | 1375V | 1375V | 1375V | 1375V | 1375V 1375V 12V
SW1AB_SEQ 1 1 1 1 2 2 2 5 5 2 2 2
SW1C_VOLT 1.375V 1375V | 1.375V | 1375V | 1375V | 1375V | 1.375V | 1375V | 1375V | 1375V 1.375V 12V
SW1C_SEQ 1 2 1 1 2 2 2 5 5 2 2 2
SW2_VOLT 30V 33V 3.15V 3.15V 3.15V 315V 33V 1375V | 1.375V 3.3V 33V 3.15V
SW2_SEQ 2 5 2 2 1 1 4 5 5 6 5 1
SW3A_VOLT 15V 15V 12V 15V 12V 15V 1.35V 1.350 V 15V 12V 1.35V 12V
SW3A_SEQ 3 3 4 4 4 4 3 6 6 4 3 4
SW3B_VOLT 15V 15V 12V 15V 12V 15V 1.35V 1.350 V 15V 12V 1.35V 12V
SW3B_SEQ 3 3 4 4 4 4 3 6 6 4 3 4
SW4_VOLT 18V 3.15V 1.8V 18V 18V 18V 18V 1825V | 1.825V 18V 3.15V 18V
SW4_SEQ 3 6 3 3 3 3 4 7 7 3 6 3
SWBST_VOLT - 50V 50V 50V 5.0V 50V 50V 5.0V 50V 5.0V 50V 50V
SWBST_SEQ - 13 6 6 6 6 Off 10 10 Off 13 6
VREFDDR_SEQ 3 3 4 4 4 4 3 6 6 4 3 4
VGEN1_VOLT - 15V 12V 12V 12V 12V 12V 12V 12V 15V 15V 12V
VGEN1_SEQ - 9 4 4 4 4 5 - - 3 9 -
VGEN2_VOLT 15V 15V - - - - 15V 15V 15V 15V 15V 15V
VGEN2_SEQ 2 10 - - - - Off 8 8 Off 10 7
VGEN3_VOLT - 25V - - - - 28V 18V 18V 25V 25V 18V
VGEN3_SEQ - 11 - - - - 5 8 8 Off 11 7
VGEN4_VOLT 18V 18V 18V 18V 18V 18V 18V 3.0V 3.0V 18V 1.8V 18V
VGEN4_SEQ 3 7 3 3 3 3 4 4 4 7 7 3
VGEN5_VOLT 25V 2.8V 25V 25V 25V 25V 33V 25V 25V 2.8V 2.8V 25V
PF0100
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Table 10. Start-up configuration (continued)

Default

configuration Pre-programmed OTP configuration

Registers

All devices FO F12% | F2(29 F3 F4 F6 F9 FA FB FC FD
VGEN5_SEQ 3 12 5 5 5 5 5 8 8 1 1 5
VGEN6_VOLT 2.8V 3.3V - - - - 3.0V 2.8V 2.8V 3.3V 3.3V 2.8V
VGEN6_SEQ 3 8 - - - - 1 7 7 8 8 7
ZEQC_%TE_GS’PEED 1.0 ms 2.0ms 1.0ms 1.0 ms 1.0 ms 1.0 ms 0.5ms 0.5ms 0.5 ms 20ms 20ms 1.0 ms
PU CONFIG, 1.5625mV | 125mV/ | 125mV/ | 125mV/ | 125mV/ | 6.25mV/ 1.5625 mV/ | 1.5625 mV/
SWDVS_CLK 6.25 mV/us Ius us us us us us 6.25 mV/us |6.25 mV/us us us 12.5 mV/us
E\Lljvgg”FlG‘ Level sensitive

. SW1ABC Single SW1AB Single Phase, SW1C
SW1AB CONFIG SW1AB Single Phase, SW1C Independent Mode, 2.0 MHz Phase, 2.0 MHz Independent mode, 2.0 MHz
SW1C CONFIG 2.0 MHz
SW2 CONFIG 2.0 MHz
SW3A CONFIG SW3AB Single Phase, 2.0 MHz
SW3B CONFIG 2.0 MHz
SW4 CONFIG No VTT, 2.0 MHz
PG EN RESETBMCU in default mode
Notes
25.  Fordesigns using the i.MX 6SoloLite, it is recommended to use the F3 OTP option instead of the F1 OTP option
and F4 OTP option instead of the F2 OTP option.
PF0100
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*VSNVS starts from 1.0 V if LICELL is valid before VIN.

Figure 6. Default start-up sequence

Table 11. Default start-up sequence timing

Parameter Description Min. Typ. Max. Unit Notes
tp1 Turn-on delay of VSNVS - 5.0 - ms (26)
tr1 Rise time of VSNVS - 3.0 - ms
tp2 User determined delay - 1.0 - ms
tro Rise time of PWRON - (@7) — ms

Turn-on delay of first regulator
+ SEQ_CLK_SPEED[1:0] = 00 - 2.0 -
tos + SEQ_CLK_SPEED[1:0] = 01 - 25 - (28)
+ SEQ_CLK_SPEED[1:0] = 10 - 4.0 - me
+ SEQ_CLK_SPEED[1:0] = 11 - 7.0 -
tr3 Rise time of regulators - 0.2 - ms (29)

PF0100
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Table 11. Default start-up sequence timing (continued)

Parameter Description Min. Typ. Max. Unit Notes
Delay between regulators

+ SEQ_CLK_SPEED[1:0] = 00 - 0.5 -

toa * SEQ_CLK_SPEED[1:0] = 01 - 1.0 _
* SEQ_CLK_SPEED[1:0] =10 - 2.0 - me
* SEQ_CLK_SPEED[1:0] = 11 — 4.0 _

tra Rise time of RESETBMCU - 0.2 - ms

tps Turn-on delay of RESETBMCU - 2.0 - ms

Notes

26. Assumes LICELL voltage is valid before VIN is applied. If LICELL is not valid before VIN is applied then VSNVS turn-on delay may extend to a
maximum of 24 ms.

27. Depends on the external signal driving PWRON.

28.  Default configuration.

29. Rise time is a function of slew rate of regulators and nominal voltage selected.

6.1.2 One time programmability (OTP)

OTP allows the programming of start-up configurations for a variety of applications. Before permanently programming the IC by
programming fuses, a configuration may be prototyped by using the “Try Before Buy” (TBB) feature. Further, an error correction
code(ECC) algorithm is available to correct a single bit error and to detect multiple bit errors when fuses are programmed.

The parameters which can be configured by OTP are listed below.

- General: I2C slave address, PWRON pin configuration, start-up sequence and timing

» Buck regulators: Output voltage, dual/single phase or independent mode configuration, switching frequency, and soft start ramp

rate

» Boost regulator and LDOs: Output voltage
NOTE: When prototyping or programming fuses, the user must ensure register settings are consistent with the hardware configuration.
This is most important for the buck regulators, where the quantity, size, and value of the inductors depend on the configuration (single/
dual phase or independent mode) and the switching frequency. Additionally, if an LDO is powered by a buck regulator, it is gated by the
buck regulator in the start-up sequence.

6.1.2.1  Start-up sequence and timing

Each regulator has 5-bit allocated to program its start-up time slot from a turn on event; therefore, each can be placed from position one
to thirty-one in the start-up sequence. The all zeros code indicates a regulator is not part of the start-up sequence and remains off. See
Table 12. The delay between each position is equal; however, four delay options are available. See Table 13. The start-up sequence
terminates at the last programmed regulator.

PF0100

NXP Semiconductors 21



FUNCTIONAL BLOCK REQUIREMENTS AND BEHAVIORS

Table 12. Start-up sequence

SWxx_SEQ[4:0]/
VGENx_SEQ[4:0])/ Sequence
VREFDDR_SEQ[4:0]
00000 Off
00001 SEQ_CLK_SPEED[1:0] * 1
00010 SEQ_CLK_SPEED[1:0] * 2
11111 SEQ_CLK_SPEED[1:0] * 31

Table 13. Start-up sequence clock speed

SEQ_CLK_SPEEDI[1:0] Time (us)
00 500
01 1000
10 2000
11 4000

6.1.2.2 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 14. PWRON configuration

PWRON_CFG Mode

PWRON pin HIGH = ON

B PWRON pin LOW = OFF or Sleep mode

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

6.1.2.3 I°C address configuration

The I12C device address can be programmed from 0x08 to OxOF. This allows flexibility to change the 12C address to avoid bus conflicts.
Address bit, 12C_SLV_ADDR[3] in OTP_I2C_ADDR register is hard coded to “1” while the lower three LSBs of the 1°C address
(I2C_SLV_ADDR[2:0]) are programmable as shown in Table 15.

Table 15. I2C address configuration

|2C£:;/£33}|R[3] 12C_SLV_ADDR([2:0] 12c dev(i;: xa)ddress
1 000 0x08
1 001 0x09
1 010 0x0A
1 011 0x0B

PF0100
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Table 15. I2C address configuration (continued)

|2c712|r.;/£3;R[3] 12C_SLV_ADDR[2:0] 12c dev(i;: xa)ddress
1 100 0x0C
1 101 0x0D
1 110 OxO0E
1 111 OxXOF

6.1.2.4 Soft start ramp rate

The start-up ramp rate or soft start ramp rate can be chosen from the same options as shown in 6.4.4.2.1 Dynamic voltage scaling, page
35.

6.1.3 OTP prototyping

Before permanently programming fuses, it is possible to test the desired configuration by using the “Try Before Buy” feature. With this
feature, the configuration is loaded from the OTP registers. These registers merely serve as temporary storage for the values to be written
to the fuses, for the values read from the fuses, or for the values read from the default configuration. To avoid confusion, these registers
are referred to as the TBBOTP registers. The portion of the register map concerned with OTP is shown in Table 137 and Table 138.

The contents of the TBBOTP registers are initialized to zero when a valid V,y is first applied. The values loaded into the TBBOTP registers
depend on the setting of the VDDOTP pin and on the value of the TBB_POR and FUSE_POR_XOR bits. Refer to Table 16.

+ If VDDOTP = VCOREDIG (1.5 V), the values are loaded from the default configuration.

« IfVDDOTP =0.0V, TBB_POR =0 and FUSE_POR_XOR = 1, the values are loaded from the fuses. In the MMPF0100,
FUSE_POR1, FUSE_POR?2, and FUSE_POR3 are XOR’ed into the FUSE_POR_XOR bit. The FUSE_POR_XOR has to be 1 for
fuses to be loaded. This can be achieved by setting any one or all of the FUSE_PORX bits. In the MMPF0100A, the XOR function
is removed. It is required to set all of the FUSE_PORX bits to be able to load the fuses.

+ IfVDDOTP =0.0V, TBB_POR =0 and FUSE_POR_XOR = 0, the TBBOTP registers remain initialized at zero.

The initial value of TBB_POR is always “0”; only when VDDOTP = 0.0 V and TBB_POR is set to “1” are the values from the TBBOTP
registers maintained and not loaded from a different source.

The contents of the TBBOTP registers are modified by I2C. To communicate with I20, VIN must be valid and VDDIO, to which SDA and
SCL are pulled up, must be powered by a 1.7 V to 3.6 V supply. VIN, or the coin cell voltage must be valid to maintain the contents of the
registers. To power on with the contents of the TBBOTP registers, the following conditions must exist; VIN is valid, VDDOTP = 0.0 V,
TBB_POR = 1 and there is a valid turn-on event. Refer to the application note AN4536 for an example of prototyping.

6.1.4 Reading OTP fuses

As described in the previous section, the contents of the fuses are loaded to the TBBOTP registers when the following conditions are met;
VIN is valid, VDDOTP = 0.0 V, TBB_POR = 0 and FUSE_POR_XOR = 1. If ECC were enabled at the time the fuses were programmed,
the error corrected values can be loaded into the TBBOTP registers if desired. Once the fuses are loaded and a turn-on event occurs, the
PMIC powers on with the configuration programmed in the fuses. For more details on reading the OTP fuses, see application note
AN4536.

6.1.5 Programming OTP fuses

The parameters which can be programmed are shown in the TBBOTP registers in Table 137. Extended page 1, page 111 of the register
map. The PF0100 offers ECC, the control registers for which functions are located in Extended Page 2 of the register map. There are ten
banks of twenty-six fuses each which can be programmed. Programming the fuses requires an 8.25V, 100 mA supply powering the
VDDOTP pin, bypassed with 10 to 20 uF of capacitance. For more details on programming the OTP fuses, see application note AN4536.

PF0100
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Table 16. Source of start-up sequence

VDDOTP(V) TBB_POR | FUSE_POR_XOR Start-up sequence
0 0 0 None
0 0 1 OTP fuses
0 1 X TBBOTP registers
1.5 X X Factory defined

6.2 16 MHz and 32 kHz clocks

There are two clocks: a trimmed 16 MHz, RC oscillator and an untrimmed 32 kHz, RC oscillator. The 16 MHz oscillator is specified within
-8.0/+8.0%. The 32 kHz untrimmed clock is only used in the following conditions:

« VIN < 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, VIN > UVDET

« PWRON_CFG = 1, for power button debounce timing

In addition, when the 16 MHz is active in the ON mode, the debounce times in Table 27 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.

Table 17. 16 MHz clock specifications

Tmin 1o Tmax (See Table 3), Viy =2.8V to 4.5V, LICELL = 1.8 V to 3.3V and typical external component values. Typical values are
characterized at V| = 3.6 V, LICELL =3.0V, and 25 °C, unless otherwise noted.

Symbol Parameters Min. Typ. Max. Units Notes
VIN16MHz Operating voltage from VIN 2.8 - 4.5 \'%
f16MHZ 16 MHz clock frequency 14.7 16 17.2 MHz
fomhz 2.0 MHz clock frequency 1.84 - 2.15 MHz (30)
Notes

30. 2.0 MHz clock is derived from the 16 MHz clock.

6.2.1 Clock adjustment

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.

6.3 Bias and references block description

6.3.1 Internal core voltage references

All regulators use the main bandgap as the reference. The main bandgap is bypassed with a capacitor at VCOREREF. The bandgap and
the rest of the core circuitry are supplied from VCORE. The performance of the regulators is directly dependent on the performance of the
bandgap. 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. Table 18 shows the main characteristics of the core circuitry.

PF0100
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Table 18. Core voltages electrical specifications(32)

Twvin t0 Tyax (See Table 3), Vi =2.8V to 4.5V, LICELL = 1.8V to 3.3V, and typical external component values. Typical values are
characterized at Vy = 3.6 V, LICELL = 3.0 V, and 25 °C, unless otherwise noted.

Symbol Parameters Min. Typ. Max. Units Notes
VCOREDIG (digital core supply)
Output voltage
VCOREDlG * ON mode - 1.5 - \Y (G
+ Coin cell mode and OFF - 1.3 - —
VCORE (analog core supply)
Output voltage
Vcore * ON mode and charging - 2.775 - \ @1
» OFF and coin cell mode - 0.0 - —
VCOREREF (bandgap / regulator reference)

VCOREREF Output voltage - 1.2 - \Y @1
VCOREREFACC Absolute accuracy - 0.5 - %
VCOREREFTACC Temperature drift - 0.25 - %

Notes

31. 3.0V<V|y<4.5V, noexternal loading on VCOREDIG, VCORE, or VCOREREF. Extended operation down to UVDET, but no system malfunction.
32.  For information only.

6.3.1.1  External components
Table 19. External components for core voltages
Regulator Capacitor value (uF)
VCOREDIG 1.0
VCORE 1.0
VCOREREF 0.22

6.3.2 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. Its typically used as the reference voltage for DDR memories. A filtered resistor divider is utilized to create a low frequency pole.
This divider then utilizes a voltage follower to drive the load.

VINREFDDR

T VINREFDDR J\

Chiacr1
100 nf

VHALF

ChiaLr2
100 nf

i

VREFDDR

VREFDDRT
CREFDDR
1.0 uf L —

Figure 7. VREFDDR block diagram

Discharge |

PF0100
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6.3.2.1 VREFDDR control register
The VREFDDR voltage reference is controlled by a single bit in VREFDDCRTL register in Table 20.

Table 20. Register VREFDDCRTL - ADDR 0x6A

Name Bit # R/W | Default Description
UNUSED 3:0 - 0x00 |UNUSED
Enable or disables VREFDDR output voltage
VREFDDREN 4 R/W 0x00 » 0 = VREFDDR Disabled
+ 1 =VREFDDR Enabled
UNUSED 7:5 - 0x00 |UNUSED

6.3.2.1.1 External components

Table 21. VREFDDR external components(33)

Capacitor Capacitance (uF)
VINREFDDR®4) to VHALF 0.1
VHALF to GND 0.1
VREFDDR 1.0

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

6.3.2.1.2 VREFDDR specifications

Table 22. VREFDDR electrical characteristics
Tmin 1o Tyax (See Table 3), Vi = 3.6 V, Irerppr = 0.0 mA, Vnrerppr = 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\Nnrepppr = 1.5V, and 25 °C, unless otherwise noted.

Symbol Parameter Min. Typ. Max. Unit Notes
VREFDDR
ViNrRerDDR | Operating input voltage range 1.2 - 1.8 \
IREFDDR Operating load current range 0.0 - 10 mA
Current limit
| ) 10.5 15 25 mA
REFDDRLIM * Irerpbr When Vrerppr is forced to Vinreropr/4
IrerpDRQ | Quiescent Current - 8.0 - A (35)
Active mode - DC
Output voltage
VREFDDR *1.2V <V|NreFppr < 1.8V - VINREFDDR/2 - \
*0.0mA< IREFDDR <10 mA
Output voltage tolerance (Tp = -40 °C to 85 °C)
VREFDDRTOL *1.2V <ViNreropR < 1.8V -1.0 - 1.0 %
*0.6MA< IREFDDR <10 mA
Output voltage tolerance (T = -40 °C to 105 °C), applicable only
v to the extended industrial version 12 12 %
REFDDRTOL *1.2V < V|nrerDDR < 1.8 V - - : °
*0.6MA< IREFDDR <10 mA
Load regulation
VREFDDRLOR *1.0mA< IREFDDR <10 mA - 0.40 - mV/mA
* 1.2V <V|NreFpDR < 1.8V
PF0100
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Table 22. VREFDDR electrical characteristics (continued)

Twvin to Tpax (See Table 3), Vi = 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|y = 3.6 V, Irgrppr = 0.0 mA, V\Nrerppr = 1.5V, and 25 °C, unless otherwise noted.

Symbol Parameter Min. Typ.
Active mode — AC

Max. Unit Notes

Turn-on time
* Enable to 90% of end value

toNREFDDR * VinRerDDR = 1.2V, 1.8V - - 100 us
* Irerppr = 0.0 MA
Turn-off time
¢ * Disable to 10% of initial value _ _ 10 ms
OFFREFDDR . VINREFDDR =12V,18V

* Irerppr = 0.0 MA

Start-up overshoot

VREFDDROSH * ViNrRerDDR = 1.2V, 1.8V - 1.0 6.0 %
* Irerppr = 0.0 MA

Transient load response

VREFDDRTLR “Vinrerpor = 1.2V, 1.8V - 5.0 - mv

Notes
35.  When VREFDDR is off there is a quiescent current of 1.5 pA typical.

PF0100
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6.4 Power generation

6.4.1 Modes of operation

The operation of the PF0100 can be reduced to five states, or modes: on, off, sleep, standby, and coin cell. Figure 8 shows the state
diagram of the PF0100, along with the conditions to enter and exit from each state.

VIN < UVDET VIN < UVDET

VIN > UVDET
PWRON = 0 held >= 4.0 sec

Any SWxOMODE bits=1
& PWRONRSTEN = 1
(PWRON_CFG=1) ’

Thermal shutdown

PWRON=1
& VIN > UVDET
VIN <UVDET " p\wroN_CFG = 0)
Or
PWRON =0 PWRON=0 < 4.0 sec
Any SWxOMODE bits=1 & VIN > UVDET
(PWRON_CFG=0) (PWRON_CFG=1)
Or

PWRON =0
All SWxOMODE bits= 0

PWRON=0 held >= 4.0 sec
Any SWxOMODE bits=1

VIN < UVDET & PWRONRSTEN = 1 (PWRON_CFG = 0)
PWRON=0 (PWRON_CFG=1) or
Any SWxOMODE bits=1 PWRON =0 held >= 4.0 sec

(PWRON_CFG=0) PWRON=1 All SWxOMODE bits= 0
Or & VIN > UVDET & PWRONRSTEN = 1
PWRON=0 held >= 4.0 sec (PWRON_CFG =0) (PWRON_CFG =1)
Any SWxOMODE bits=1 Or
& PWRONRSTEN =1 PWRON= 0 < 4.0 sec.

(PWRON_CFG=1) & VIN > UVDET

(PWRON_CFG=1)

Thermal shudown

PWRON =0
All SWXOMODE bits= 0
(PWRON_CFG = 0)
Or
PWRON =0 held >=4.0 sec
All SWXOMODE bits= 0
& PWRONRSTEN = 1
(PWRON_CFG = 1)

STANDBY asserted STANDBY de-asserted

Thermal shutdown

Figure 8. State diagram

To complement the state diagram in Figure 8, a description of the states is provided in following sections. Note that V| must exceed the
rising UVDET threshold to allow a power up. Refer to Table 29 for the UVDET thresholds. Additionally, I2C control is not possible in the
coin cell mode and the interrupt signal, INTB, is only active in sleep, standby, and on states.

6.4.1.1 ON mode

The PF0100 enters the On mode after a turn-on event. RESETBMCU is de-asserted, high, in this mode of operation.

6.4.1.2 OFF mode

The PF0100 enters the off mode after a turn-off event. A thermal shutdown event also forces the PF0100 into the off mode. Only
VCOREDIG and VSNVS are powered in the mode of operation. To exit the off mode, a valid turn-on event is required. RESETBMCU is
asserted, low, in this mode.

PF0100
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6.4.1.3 Standby mode

» Depending on STANDBY pin configuration, standby is entered when the STANDBY pin is asserted. This is typically used for low-
power mode of operation.

* When STANDBY is de-asserted, standby mode is exited.

A product may be designed to go into a low-power mode after periods of inactivity. The STANDBY pin is provided for board level control
of going in and out of such deep sleep modes (DSM).

When a product is in DSM, it may be able to reduce the overall platform current by lowering the regulator output voltage, changing the
operating mode of the regulators or disabling some regulators. The configuration of the regulators in standby is pre-programmed through
the 12C interface.

Note that the STANDBY pin is programmable for active high or active low polarity, and decoding of a standby event takes into account
the programmed input polarity as shown in Table 23. When the PF0100 is powered up first, regulator settings for the standby mode are
mirrored from the regulator settings for the on mode. To change the STANDBY pin polarity to Active Low, set the STANDBYINV bit via
software first, and then change the regulator settings for Standby mode as required. For simplicity, STANDBY generally is referred to as
active high throughout this document.

Table 23. Standby pin and polarity control

STANDBY (pin)®”) | STANDBYINV (I2C bit)8) STANDBY control (36)

0 0 0

0 1 1
1 0 1

1 1 0

Notes

36. STANDBY = 0: System is not in standby, STANDBY = 1: System is in standby
37.  The state of the STANDBY pin only has influence in on mode.

38.  Bit 6 in power control register (ADDR - 0x1B)

Since STANDBY pin activity is driven asynchronously to the system, a finite time is required for the internal logic to qualify and respond
to the pin level changes. A programmable delay is provided to hold off the system response to a standby event. This allows the processor
and peripherals some time after a standby instruction has been received to terminate processes to facilitate seamless entering into
standby mode.

When enabled (STBYDLY = 01, 10, or 11) per Table 24, STBYDLY delays the standby initiated response for the entire IC, until the
STBYDLY counter expires.

An allowance should be made for three additional 32 k cycles required to synchronize the standby event.

Table 24. STANDBY delay - initiated response

STBYDLY[1:0](3% Function
00 No delay
01 One 32 k period (default)
10 Two 32 k periods
11 Three 32 k periods
Notes

39. Bits [5:4] in power control register (ADDR - 0x1B)

6.4.1.4 Sleep mode

» Depending on PWRON pin configuration, sleep mode is entered when PWRON is de-asserted and SWxOMODE bit is set.
+ To exit sleep mode, assert the PWRON pin.

In the sleep mode, the regulator uses the set point as programmed by SW1xOFF[5:0] for SW1A/B/C and by SWxOFF[6:0] for SW2, SW3A/
B, and SW4. The activated regulators maintains settings for this mode and voltage until the next turn-on event. Table 25 shows the control
bits in sleep mode. During sleep mode, interrupts are active and the INTB pin reports any unmasked fault event.

PF0100
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Table 25. Regulator mode control

SWxOMODE Off operational mode (Sleep) (49)
0 Off
1 PFM

Notes

40. For sleep mode, an activated switching regulator, should use the off
mode set point as programmed by SW1xOFF[5:0] for SW1A/B/C and
SWxOFF[6:0] for SW2, SW3A/B, and SW4.

6.4.1.5

Coin cell mode

In the coin cell state, the coin cell is the only valid power source (V| = 0.0 V) to the PMIC. No turn-on event is accepted in the coin cell
state. Transition to the off state requires V| surpasses UVDET threshold. RESETBMCU is held low in this mode.

If the coin cell is depleted, a complete system reset occurs. At the next application of power and the detection of a turn-on event, the system
is re-initialized with all I2C bits including those reset on COINPORB, which are restored to their default states.

6.4.2 State machine flow summary

Table 26 provides a summary matrix of the PF0100 flow diagram to show the conditions needed to transition from one state to another.

Table 26. State machine flow summary

Next state
STATE
OFF Coin cell Sleep Standby ON
PWRON_CFG =0
PWRON =1 & V|y > UVDET
OFF X V)n < UVDET X X PWRON. CFG = 1
PWRON=0<4.0s
& VN > UNDET
Coin cell V|n > UVDET X X X X
Thermal shutdown PWRON_CFG =0
PWRON =1 & V|y > UVDET
PWRON_CFG =1 or
sy PWRON=024.0s Vin < UVDET X X PWRON_CFG = 1
Any SWxOMODE =1 & PWRON=0<4.0s &
PWRONRSTEN = 1 Vin > UNDET
i Thermal shutdown
8 PWRON_CFG =0
O PWRON_CFG =0 PWRON =0
:g PWRON =0 Any SWxOMODE = 1
= All SWxOMODE =0 or
Standby or Vy < UVDET PWRON_CFG = 1 X Standby de-asserted
PWRON_CFG =1 PWRON=0240s
PWRON=0240s Any SWxOMODE =1 &
All SWxOMODE =0 & PWRONRSTEN = 1
PWRONRSTEN = 1
Thermal shutdown
PWRON_CFG =0
PWRON_CFG =0 PWRON =0
PWRON =0 Any SWxOMODE = 1
All SWxOMODE =0 or
ON or V|y < UVDET PWRON_CFG = 1 Standby asserted X
PWRON_CFG =1 PWRON=024.0s
PWRON=0240s Any SWxOMODE =1 &
All SWxOMODE =0 & PWRONRSTEN = 1
PWRONRSTEN = 1
PF0100
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6.4.2.1 Turn on events

From off and sleep modes, the PMIC is powered on by a turn-on event. The type of turn-on event depends on the configuration of PWRON.
PWRON may be configured as an active high when PWRON_CFG = 0, or as the input of a mechanical switch when PWRON_CFG = 1.
V|y must be greater than UVDET for the PMIC to turn-on. When PWRON is configured as an active high and PWRON is high (pulled up
to VSNVS) before V) is valid, a V| transition from 0.0 V to a voltage greater than UVDET is also a Turn-on event. See the state diagram,
Figure 8, and the Table 26 for more details. Any regulator enabled in the sleep mode remains enabled when transitioning from sleep to
on, i.e., the regulator does not turn off and then on again to match the start-up sequence. The following is a more detailed description of
the PWRON configurations:

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

+ IfPWRON_CFG =1, V|y> UVDET and PWRON transitions from high to low, the PMIC turns on; the interrupt and sense bits,
PWRONI and PWRONS respectively, sets.

The sense bit shows the real time status of the PWRON pin. In this configuration, the PWRON input can be a mechanical switch
debounced through a programmable debouncer, PWRONDBNC]1:0], to avoid a response to a very short (i.e., unintentional) key press.
The interrupt is generated for both the falling and the rising edge of the PWRON pin. By default, a 30 ms interrupt debounce is applied to
both falling and rising edges. The falling edge debounce timing can be extended with PWRONDBNCJ[1:0] as defined in Table 27. The
interrupt is cleared by software, or when cycling through the OFF mode.

Table 27. PWRON hardware debounce bit settings

. Turn on Falling edge INT Rising edge INT
Bits State debounce (ms) debounce (ms) debounce (ms)
00 0.0 31.25 31.25
01 31.25 31.25 31.25
PWRONDBNC[1:0]
10 125 125 31.25
11 750 750 31.25

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

6.4.2.2 Turn off events

6.4.2.21 PWRON pin

The PWRON pin is used to power off the PF0100. The PWRON pin can be configured with OTP to power off the PMIC under the following
two conditions:

1. PWRON_CFG bit = 0, SWxOMODE bit = 0 and PWRON pin is low.
2. PWRON_CFG bit = 1, SWxOMODE bit = 0, PWRONRSTEN = 1 and PWRON is held low for longer than 4.0 seconds.
Alternatively, the system can be configured to restart automatically by setting the RESTARTEN bit.

6.4.2.2.2 Thermal protection

If the die temperature surpasses a given threshold, the thermal protection circuit powers off the PMIC to avoid damage. A turn-on event
does not power on the PMIC while it is in thermal protection. The part remains in off mode until the die temperature decreases below a
given threshold. There are no specific interrupts related to this other than the warning interrupt. See 4.2.1 Power dissipation, page 11
section for more detailed information.

6.4.2.2.3 Undervoltage detection

When the voltage at VIN drops below the undervoltage falling threshold, UVDET, the state machine transitions to the coin cell mode.

PF0100
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6.4.3 Power tree

The PF0100 PMIC features six buck regulators, one boost regulator, six general purpose LDOs, one switch/LDO combination, and a DDR
voltage reference to supply voltages for the application processor and peripheral devices. The buck regulators as well as the boost
regulator are supplied directly from the main input supply (V|y). The inputs to all of the buck regulators must be tied to VIN, whether they
are powered on or off. The six general use LDO regulators are directly supplied from the main input supply or from the switching regulators
depending on the application requirements. Since VREFDDR is intended to provide DDR memory reference voltage, it should be supplied
by any rail supplying voltage to DDR memories; the typical application recommends the use of SW3 as the input supply for VREFDDR.
VSNVS is supplied by either the main input supply or the coin cell. Refer to Table 28 for a summary of all power supplies provided by the
PF0100.

Table 28. Power tree summary

Supply Output voltage (V) Step size (mV) Maximum load current (mA)
SW1A/B 0.3-1.875 25 2500
SwWicC 0.3-1.875 25 2000
SW2 0.4-3.3 25/50 2000 “43)
SW3A/B 0.4-3.3 25/50 1250 42)
SW4 0.5*SW3A_OUT, 0.4 -3.3 25/50 1000
SWBST 5.00/5.05/5.10/5.15 50 600
VGEN1 0.80 - 1.55 50 100
VGEN2 0.80 - 1.55 50 250
VGEN3 1.8-3.3 100 100
VGEN4 1.8-3.3 100 350
VGEN5 1.8-3.3 100 100
VGENG6 1.8-3.3 100 200
VSNVS 1.0-3.0 NA 0.4
VREFDDR 0.5*SW3A_OUT NA 10
Notes
42.  Current rating per independent phase, when SW3A/B is set in single or dual phase, current capability is up
to 2500 mA.

43. SW2 capable of 2500 mA in NP, F9, and FA Industrial versions only (ANES suffix)

Figure 9 shows a simplified power map with various recommended options to supply the different block within the PF0100, as well as the
typical application voltage domain on the i.MX 6X processor. Note that each application power tree is dependent upon the system’s voltage
and current requirements, therefore a proper input voltage should be selected for the regulators.

The minimum operating voltage for the main V| supply is 2.8 V, for lower voltages proper operation is not guaranteed. However at initial
power up, the input voltage must surpass the rising UVDET threshold before proper operation is guaranteed. Refer to the representative
tables and text specifying each supply for information on performance metrics and operating ranges. Table 29 summarizes the UVDET
thresholds.

Table 29. UVDET threshold

UVDET threshold VN
Rising 31V
Falling 265V
PF0100
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Figure 9. PF0100 typical power map
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6.4.4 Buck regulators

Each buck regulator is capable of operating in PFM, APS, and PWM switching modes.

6.4.4.1 Current limit

Each buck regulator has a programmable current limit. In an overcurrent condition, the current is limited cycle-by-cycle. If the current limit
condition persists for more than 8.0 ms, a fault interrupt is generated.

6.4.4.2 General control

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 30.

Table 30. Switching mode description

Mode Description

OFF The regulator is switched off and the output voltage is discharged.

PFM In this mode, the regulator is always in PFM mode, which is useful at light loads for optimized efficiency.

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

APS In this mode, the regulatgr moves automatically between pulse skipping mode and PWM mode
depending on load conditions.

During soft-start of the buck regulators, the controller transitions through the PFM, APS, and PWM switching modes. 3.0 ms (typical) 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.

Table 31 summarizes the buck regulator programmability for normal and standby modes.

Table 31. 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 APS APS
1001 Reserved Reserved
1010 Reserved Reserved
1011 Reserved Reserved
1100 APS PFM
1101 PWM PFM
1110 Reserved Reserved
1111 Reserved Reserved
PF0100
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Transitioning between normal and standby modes can affect a change in switching modes as well as output voltage. The rate of the output
voltage change is controlled by the dynamic voltage scaling (DVS), explained in 6.4.4.2.1 Dynamic voltage scaling, page 35. For each
regulator, the output voltage options are the same for normal and standby modes.

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.

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” turns off. In sleep mode, the regulator outputs the voltage programmed in its off (sleep) voltage register 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 change 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.

Table 25 shows the control bits in sleep mode. When sleep mode is activated by the SWxOMODE bit, the regulator uses the set point as
programmed by SW1xOFF[5:0] for SW1A/B/C and by SWxOFF[6:0] for SW2, SW3A/B, and SW4.

6.4.4.21 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 12C bits SW1x[5:0] for SW1A/B/C and SWx[6:0] for SW2, SW3A/B, and SW4.
A voltage transition initiated by 12C is governed by the DVS stepping rates shown in Table 34 and Table 35.
2. Standby 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 SW1xSTBY[5:0] for SW1A/B/C and by bits SWxSTBY[6:0] for SW2,
SW3A/B, and SW4. Voltage transitions initiated by a Standby event are governed by the SW1xDVSSPEED[1:0] and

SWxDVSSPEED[1:0] I°C bits shown in Table 34 and Table 35, respectively.
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[5:0] for SW1A/B/C and by bits SWxOFF[6:0] for SW2,
SWB3A/B, and SW4. Voltage transitions initiated by a turn-off event are governed by the SW1xDVSSPEED[1:0] and

SWxDVSSPEED[1:0] I°C bits shown in Table 34 and Table 35, respectively.
Table 32, Table 33, Table 34, and Table 35 summarize the set point control and DVS time stepping applied to all regulators.

Table 32. DVS control logic for SW1A/B/C

STANDBY Set point selected by
0 SW1x[5:0]
1 SW1xSTBY[5:0]

Table 33. DVS control logic for SW2, SW3A/B, and SW4

STANDBY Set Point Selected by
0 SWx[6:0]
1 SWxSTBYI[6:0]

Table 34. DVS speed selection for SW1A/B/C

SW1xDVSSPEED[1:0] Function
00 25 mV step each 2.0 us
01 (default) 25 mV step each 4.0 us
10 25 mV step each 8.0 us
11 25 mV step each 16 us

PF0100
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Table 35. DVS speed selection for SW2, SW3A/B, and SW4

SWxDVSSPEED[1:0]

Function
SWx[6] = 0 or SWxSTBY[6] =0

Function
SWx[6] =1 or SWxSTBY[6] =1

00 25 mV step each 2.0 us 50 mV step each 4.0 us
01 (default) 25 mV step each 4.0 us 50 mV step each 8.0 us
10 25 mV step each 8.0 us 50 mV step each 16 us

11

25 mV step each 16 us

50 mV step each 32 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.

The following diagram 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.

Requested

L _/ S?t Point Output Voltage
by ’// with light Load

Internally
Controlled Steps\\
~ Example
VOLIIttpUt / Actual Output
oltage 4,,,// Voltage
Initial i
Set Point \ Actual F
_\l Output Voltage Internally y_.
——— Controlled Steps 7 20?5”5;'% "
utput Voltage
Window
Request for Request for
Voltage Higher Voltage Lower Voltage
Change E—
Request
Initiated by 12C Programming, Standby Control
Figure 10. Voltage stepping with DVS
6.4.4.2.2 Regulator phase clock

The SWxPHASE[1:0] bits select the phase of the regulator clock as shown in Table 36. 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 °, SW3A/B is set to 180 °, and SW4 is set to 270 °
by default at power up.

Table 36. Regulator phase clock selection

SWxPHASE[1:0] | Phase of clock sent to regulator (degrees)
00 0
01 90
10 180
11 270

The SWxFREQ[1:0] register is used to set the desired switching frequency for each one of the buck regulators. Table 38 shows the
selectable options for SWxFREQ[1:0]. For each frequency, all phases are available, allowing 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 37 shows the optimum phasing when using more than one switching frequency.
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Table 37. Optimum phasing

Frequencies

Optimum Phasing

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 38. Regulator frequency configuration

SWxFREQ[1:0] Frequency
00 1.0 MHz
01 2.0 MHz
10 4.0 MHz
11 Reserved

6.4.4.2.3

FUNCTIONAL BLOCK REQUIREMENTS AND BEHAVIORS

Programmable maximum current

The maximum current, ISWxyax, of each buck regulator is programmable. This allows the use of smaller inductors where lower currents
are required. Programmability is accomplished by choosing the number of paralleled power stages in each regulator. The
SWx_PWRSTG[2:0] bits in Table 138. Extended Page 2, page 115 of the register map control the number of power stages. See Table 39
for the programmable options. Bit[0] must always be enabled to ensure the stage with the current sensor is chosen. The default setting,
SWx_PWRSTG[2:0] = 111, represents the highest maximum current. The current limit for each option is also scaled by the percentage

of power stages enabled.

Table 39. Programmable current configuration

Regulators Control bits % of power stages enabled Rated current (A)

SW1AB_PWRSTG[2:0] ISW1AByaX
0 0 40% 1.0
SW1AB 0 1 80% 2.0
1 0 60% 1.5
1 1 100% 2.5

SW1C_PWRSTG[2:0] ISW1Cpmax
0 0 43% 0.9
SW1C 0 1 58% 1.2
1 0 86% 1.7
1 1 100% 2.0

SW2_PWRSTG[2:0] ISW2y1ax

0 0 38% 0.75
SW2 0 1 75% 1.5
1 0 63% 1.25
1 1 100% 2.0
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Table 39. Programmable current configuration (continued)

Regulators Control bits % of power stages enabled Rated current (A)
SW3A_PWRSTGJ[2:0] ISW3Ayax
0 0 1 40% 0.5
SW3A 0 1 1 80% 1.0
1 0 1 60% 0.75
1 1 1 100% 1.25
SW3B_PWRSTG[2:0] ISW3Bpax
0 0 1 40% 0.5
SW3B 0 1 1 80% 1.0
1 0 1 60% 0.75
1 1 1 100% 1.25
SW4_PWRSTG[2:0] ISW4p1ax
0 0 1 50% 0.5
SW4 0 1 1 75% 0.75
1 0 1 75% 0.75
1 1 1 100% 1.0

6.4.43 SW1A/B/C

SW1/A/B/C are 2.5 A to 4.5 A buck regulators which can be configured in various phasing schemes, depending on the desired cost/
performance trade-offs. The following configurations are available:

* SW1A/B/C single phase with one inductor

» SWH1A/B as a single phase with one inductor and SW1C in independent mode with one inductor

» SW1A/B as a dual phase with two inductors and SW1C in independent mode with one inductor
The desired configuration is programmed by OTP by using SW1_CONFIG[1:0] bits in the register map Table 137. Extended page 1, page
111, as shown in Table 40.

Table 40. SWA1 configuration

SW1_CONFIG[1:0] Description
00 A/B/C single phase
01 A/B single phase, C independent mode
10 A/B dual phase, C independent mode
11 Reserved

6.4.4.31 SW1A/B/C single phase

In this configuration, all phases A, B, and C, are connected together to a single inductor, thus, providing up to 4.50 A current capability for
high current applications. The feedback and all other controls are accomplished by use of pin SW1CFB and SW1C control registers,
respectively. Figure 11 shows the connection for SW1A/B/C in single phase mode.

During single phase mode operation, all three phases use the same configuration for frequency, phase, and DVS speed set in
SW1CCONF register. However, the same configuration settings for frequency, phase, and DVS speed setting on SW1AB registers should
be used. The SW1FB pin should be left floating in this configuration.
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Figure 11. SW1A/B/C single phase block diagram

SW1A/B single phase - SW1C independent mode

In this configuration, SW1A/B is connected as a single phase with a single inductor, while SW1C is used as an independent output, using
its own inductor and configurations parameters. This configuration allows reduced component count by using only one inductor for SW1A/
B. As mentioned before, SW1A/B and SW1C operate independently from one another, thus, they can be operated with a different voltage
set point for normal, standby, and sleep modes, as well as switching mode selection and on/off control. Figure 12 shows the physical
connection for SW1A/B in single phase and SW1C as an independent output.

PF0100

NXP Semiconductors

39



FUNCTIONAL BLOCK REQUIREMENTS AND BEHAVIORS

Vi

4

SW1AIN J\

Cinswia

i

swiC

Cinswic

- - SW1AMODE
L lsense
‘*‘ Controller
SW1ALX .
 CE— % Driver
< SWIAFAULT]
: Y
Internal 12C
Compensation L
Y W oy
[ DAC [+ Vrer
VIN %w \J
T SW1BIN }/ > - SW1BMODE
L L lsense
Icwswws <I>
L i ]
N SW1BLX ‘*‘ Controller
— )f\—E Driver
<+ SW1BFAULT]
VIN
T SW1CIN )I . - SW1CMODE
L L g lsense
- ‘*‘ Controller
SW1CLX .
—{ Driver
< ™ SWACFAULT|
Internal 12C
Compensation i
SWICFB H
r4— Vger
DAC

12C
Interface

Figure 12. SW1A/B single phase, SW1C independent mode block diagram

Both SW1ALX and SW1BLX nodes operate at the same DVS, frequency, and phase configured by the SW1ABCONF register, while

SW1CLX node operates independently, using the configuration in the SW1CCONF register.

6.4.4.3.3

SW1A/B dual phase - SW1C independent mode

In this mode, SW1A/B is connected in dual phase mode using one inductor per switching node, while SW1C is used as an independent
output using its own inductor and configuration parameters. This mode provides a smaller output voltage ripple on the SW1A/B output. As
mentioned before, SW1A/B and SW1C operate independently from one another, thus, they can be operated with a different voltage set
point for normal, standby, and sleep modes, as well as switching mode selection and on/off control. Figure 13 shows the physical

connection for SW1A/B in dual phase and SW1C as an independent output.

PF0100

40

NXP Semiconductors



FUNCTIONAL BLOCK REQUIREMENTS AND BEHAVIORS

<
Z

SW1AIN L > - SW1AMODE
L lsense

<}»«
Controller

Driver

< SW1AFAULT

Internal 12C
Compensation

ﬁﬂ\l $ o

CINSW‘\A

i

SWIAB SW1ALX

<7Trv\fv\—
Lswia
Coswia

e

SWIFB_ 1

—— DAC [*— Vrer

SW1BIN | - SW1BMODE
r Pl S -
CINSW1 B
1 .
- ‘*‘ <I> Controller 12C
+ /_\/LYV\ SW1BLX g E Driver Interface g
SW1B L
Icoswws ﬁ 4* SW1BFAULT

=
=

SW1CMODE

SW1CIN
)_f >~

‘*‘ Controller
< SW1CFAULT

Internal 12C
Compensation

Figure 13. SW1A/B dual phase, SW1C independent mode block diagram
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In this mode of operation, SW1ALX and SW1BLX nodes operate automatically at 180 ° phase shift from each other and use the same
frequency and DVS configured by SW1ABCONF register, while SW1CLX node operate independently using the configuration in the
SW1CCONEF register.

6.4.4.3.4 SW1A/B/C setup and control registers

SW1A/B and SW1C output voltages are programmable from 0.300 V to 1.875V in steps of 25 mV. The output voltage set point is
independently programmed for normal, standby, and sleep mode by setting the SW1x[5:0], SW1xSTBY[5:0], and SW1xOFF[5:0] bits
respectively. Table 41 shows the output voltage coding for SW1A/B or SW1C.

Note: Voltage set points of 0.6 V and below are not supported.
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Table 41. SW1A/B/C output voltage configuration

SW1x[5:0] SW1x[5:0]
Set point | SW1xSTBY[5:0] | SW1x output (V) Set point | SW1xSTBY[5:0] SW1x output (V)
SW1xOFF[5:0] SW1xOFF[5:0]
0 000000 0.3000 32 100000 1.1000
1 000001 0.3250 33 100001 1.1250
2 000010 0.3500 34 100010 1.1500
3 000011 0.3750 35 100011 1.1750
4 000100 0.4000 36 100100 1.2000
5 000101 0.4250 37 100101 1.2250
6 000110 0.4500 38 100110 1.2500
7 000111 0.4750 39 100111 1.2750
8 001000 0.5000 40 101000 1.3000
9 001001 0.5250 41 101001 1.3250
10 001010 0.5500 42 101010 1.3500
11 001011 0.5750 43 101011 1.3750
12 001100 0.6000 44 101100 1.4000
13 001101 0.6250 45 101101 1.4250
14 001110 0.6500 46 101110 1.4500
15 001111 0.6750 47 101111 1.4750
16 010000 0.7000 48 110000 1.5000
17 010001 0.7250 49 110001 1.5250
18 010010 0.7500 50 110010 1.5500
19 010011 0.7750 51 110011 1.5750
20 010100 0.8000 52 110100 1.6000
21 010101 0.8250 53 110101 1.6250
22 010110 0.8500 54 110110 1.6500
23 010111 0.8750 55 110111 1.6750
24 011000 0.9000 56 111000 1.7000
25 011001 0.9250 57 111001 1.7250
26 011010 0.9500 58 111010 1.7500
27 011011 0.9750 59 111011 1.7750
28 011100 1.0000 60 111100 1.8000
29 011101 1.0250 61 111101 1.8250
30 011110 1.0500 62 111110 1.8500
31 011111 1.0750 63 111111 1.8750
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Table 42 provides a list of registers used to configure and operate SW1A/B/C and a detailed description on each one of these register is
provided in Table 43 through Table 52.

Table 42. SW1A/B/C register summary

Register Address Output
SW1ABVOLT 0x20 SW1AB output voltage set point in normal operation
SW1ABSTBY 0x21 SW1AB output voltage set point on standby
SW1ABOFF 0x22 SW1AB output voltage set point on sleep
SW1ABMODE 0x23 SW1AB switching mode selector register
SW1ABCONF 0x24 SW1AB DVS, phase, frequency and ILIM configuration
SW1CVOLT 0x2E SW1C output voltage set point in normal operation
SW1CSTBY 0x2F SW1C output voltage set point in standby
SW1COFF 0x30 SW1C output voltage set point in sleep
SW1CMODE 0x31 SW1C switching mode selector register
SW1CCONF 0x32 SW1C DVS, phase, frequency and ILIM configuration
Table 43. Register SW1ABVOLT - ADDR 0x20
Name Bit # R/W | Default Description
Sets the SW1AB output voltage during normal
SW1AB 5:0 R/W 0x00 |operation mode. See Table 41 for all possible
configurations.
UNUSED 7:6 - 0x00 |unused

Table 44. Register SW1ABSTBY - ADDR 0x21

Name Bit # R/W | Default Description
Sets the SW1AB output voltage during standby
SW1ABSTBY 5:0 R/W 0x00 | mode. See Table 41 for all possible
configurations.
UNUSED 7:6 - 0x00 |unused

Table 45. Register SW1ABOFF - ADDR 0x22

Name Bit # R/W | Default Description
Sets the SW1AB output voltage during sleep
SW1ABOFF 5:0 R/W 0x00 | mode. See Table 41 for all possible
configurations.
UNUSED 7:6 - 0x00 |unused
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Table 46. Register SW1ABMODE - ADDR 0x23

Name Bit # R/W | Default Description

SW1ABMODE 30 RIW 0x08 Sets the SW1AB swnchm.g operat.lon m.ode.

See Table 31 for all possible configurations.
UNUSED 4 - 0x00 |unused

Set status of SW1AB when in sleep mode
SW1ABOMODE 5 R/W 0x00 +0=0OFF

*1=PFM

UNUSED 7:6 - 0x00 | unused

Table 47. Register SW1ABCONF - ADDR 0x24

Name Bit # R/W | Default Description
SW1AB current limit level selection
SW1ABILIM 0 R/W 0x00 + 0 = High level current limit
* 1 = Low level current limit
UNUSED 1 R/W 0x00 |unused
SW1ABFREQ 3:2 RIW 0x00 SW1A/B switching frequency selector. See
Table 38.
SW1ABPHASE 5:4 R/W 0x00 |SW1A/B phase clock selection. See Table 36.
SW1ABDVSSPEED 7:6 R/W 0x00 |SW1A/B DVS speed selection. See Table 34.

Table 48. Register SW1CVOLT - ADDR 0x2E

Name Bit # R/W | Default Description
Sets the SW1C output voltage during normal
SW1C 5:0 R/W 0x00 |operation mode. See Table 41 for all possible
configurations.
UNUSED 7:6 - 0x00 | unused

Table 49. Register SW1CSTBY - ADDR 0x2F

Name Bit # R/W | Default Description
Sets the SW1C output voltage during standby
SW1CSTBY 5:0 R/W 0x00 |mode. See Table 41 for all possible
configurations.
UNUSED 7:6 - 0x00 | unused

Table 50. Register SW1COFF - ADDR 0x30

Name Bit # R/W | Default Description
Sets the SW1C output voltage during sleep
SW1COFF 5:0 R/W 0x00 | mode. See Table 41 for all possible
configurations.
UNUSED 7:6 - 0x00 | unused
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Table 51. Register SW1CMODE - ADDR 0x31

FUNCTIONAL BLOCK REQUIREMENTS AND BEHAVIORS

Name Bit # R/W | Default Description
. Sets the SW1C switching operation mode.
SW1CMODE 3:0 RIW 0x08 See Table 30 for all possible configurations.
UNUSED 4 - 0x00 |unused
Set status of SW1C when in sleep mode

SW1COMODE 5 R/W 0x00 *0=0FF

*1=PFM
UNUSED 7:6 - 0x00 |unused

Table 52. Register SW1CCONF - ADDR 0x32

Name Bit # R/W | Default Description
SW1C current limit level selection
SW1CILIM 0 R/W 0x00 « 0 = High level current limit
» 1 =Low level current limit

UNUSED 1 R/wW 0x00 |unused

SW1CFREQ 3:9 RIW 0x00 ?Z\tlj?fssgv'vitching frequency selector. See

SW1CPHASE 5:4 R/W 0x00 | SW1C phase clock selection.See Table 36.
SW1CDVSSPEED 7:6 R/W 0x00 |SW1C DVS speed selection. See Table 34.
6.4.4.3.5 SW1A/B/C external components
Table 53. SW1A/B/C external component recommendations

Mode
Components Description A/BIC single A/B Single - C A/B Dual -C
phase independent mode | independent mode

Cinswia®® | SW1A input capacitor 4.7 uF 4.7 uF 4.7 uF
Cintane*®) SWH1A decoupling input capacitor 0.1 uF 0.1 uF 0.1 uF
Cinswis™ | SW1B input capacitor 4.7 uF 4.7 uF 4.7 uF
C|N1BH,:(44) SW1B decoupling input capacitor 0.1 uF 0.1 uF 0.1 uF
Cinswic™ | SW1C input capacitor 47 uF 47 uF 4.7 uF
Cintcue® SW1C decoupling input capacitor 0.1 uF 0.1 uF 0.1 pF
Coswias™® | SW1A/B output capacitor 6 x 22 uF 2x22uF 4x22F
Coswic™? SW1C output capacitor - 3x22uF 3x22pF
Lswia SWH1A inductor 1.0 uH 1.0 uH 1.0 uH
Lswis SW1B inductor - - 1.0 uH
Lswic SW1C inductor - 1.0 uH 1.0 uH
Notes

44.  Use X5R or X7R capacitors.
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6.4.4.3.6 SW1A/B/C specifications

Table 54. SW1A/B/C electrical characteristics

All parameters are specified at Ty to Tyax (See Table 3), Viy

= VINgw1x =

3.6 V, VSW1X =

12V, lswix = 100 mA,

SW1x_PWRSTG[2:0] = [111], typical external component values, fgy4x = 2.0 MHz, unless otherwise noted. Typical values are
characterized at V|5 = VINgw1x = 3.6 V, Vew1x = 1.2 V, Isyw1x = 100 mA, SW1x_PWRSTG[2:0] = [111], and 25 °C, unless otherwise noted.

Symbol Parameter Min. Typ. Max. Unit Notes
SW1A/BI/C (single phase)

VINsw1a

VINsw1B Operating input voltage 2.8 - 4.5 \Y

VINsw1c

Vswiasc Nominal output voltage - Table 41 - \Y

Output voltage accuracy
+ PWM, APS, 28V <V|y<4.5V,0<Igyiagc <4.5A
*0.625 V < Vgw1ape < 1.450 V -25 - 25
. 1475 V< VSW1ABC < 1875 \Y -3.0% bl 3.00/0 mv
Vsw1ABCACC %
. PFM, Steady state, 2.8V < V|N <45 V, 0< ISW1ABC <150 mA
+0.625 V < Vgy1age < 0.675 V -65 - 65
0.7V < Vgwiagc < 0.85 V -45 - 45
«0.875V< VSW1ABC <1.875V -3.0% - 3.0%
Rated output load current,
'swiasc +28V<V|y<4.5V,0.625V < Vgyiagc < 1.875V - - 4500 mA
Current limiter peak current detection
| « Current through inductor A
SW1ABCLIM « SW1ABILIM = 0 71 10.5 13.7
* SW1ABILIM =1 5.3 7.9 10.3
Start-up overshoot
Vsw1ABCOSH *lswiasc = 0 MA - - 66 mvV
*DVS clk =25 mV/4 us, V|N = VINSW1X =45 V, VSW1ABC =1.875V
Turn-on time
» Enable to 90% of end value
tONsw1aBC * Iswix = OmA - - 500 Hs
* DVS clk =25 mV/4.0 ps, V| = VINgw1x = 4.5V,
VSW1ABC =1.875V
Switching frequency
f * SW1xFREQ[1:0] = 00 - 1.0 - MHz
SWIABC « SW1xFREQ[1:0] = 01 - 2.0 -
* SW1xFREQ[1:0] = 10 - 4.0 -
Efficiency
. V|N =3.6 V, fSW‘lABC =20 MHZ, LSW1ABC =1.0 l.lH
*«PFM, 0.9V, 1.0 mA - 77 -
n *PFM, 1.2V, 50 mA - 82 - %
SWIABC « APS, PWM, 1.2V, 850 mA - 86 -
* APS, PWM, 1.2V, 1275 mA - 84 -
* APS, PWM, 1.2V, 2125 mA - 80 -
* APS, PWM, 1.2V, 4500 mA - 68 -

AVswi1aBc Output ripple - 10 - mv
VSW1ABCLIR Line regulation (APS, PWM) - - 20 mV
VswW1ABCLOR DC load regulation (APS, PWM) - - 20 mV
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Table 54. SW1A/BIC electrical characteristics (continued)

All parameters are specified at Tyn to Tyax (See Table 3), Viy = VINgwix = 3.6V, Vawix = 1.2V, Igwix = 100 mA,
SW1x_PWRSTG[2:0] = [111], typical external component values, fgy1x = 2.0 MHz, unless otherwise noted. Typical values are
characterized at V| = VINgy1x = 3.6 V, Vaw1x = 1.2 V, Isw1x = 100 mA, SW1x_PWRSTG[2:0] = [111], and 25 °C, unless otherwise noted.

Symbol Parameter Min. Typ. Max. Unit Notes

SW1A/BI/C (single phase) (continued)

Transient load regulation
» Transient load = 0 to 2.25 A, di/dt = 100 mA/us

V \%
SWIABCLOTR * Overshoot - - 50 m
« Undershoot - - 50
Quiescent current
ISW‘IABCQ * PFM Mode - 18 - MA
* APS Mode - 145 -
Rsw1aBcDIS Discharge resistance - 600 - Q
SW1A/B (single/dual phase)
VINsw1a Operating input voltage 2.8 - 4.5 \
VINsw1g
VswiaB Nominal output voltage - Table 41 - \Y
Output voltage accuracy
« PWM, APS,28V<Vy<45V,0<Igyiag<2.5A
+0.625V < Vgpy1ag < 1.450 V -25 - 25
* 1475V < Vgpy1ag < 1.875V -3.0% - 3.0% mv
Vsw1aBacc %
* PFM, steady state, 2.8 V<V |y<4.5V, 0 <Igy1ag < 150 mA
+0.625 V < Vgyyqag < 0.675 V -65 - 65
0.7V < Vgp1ag < 0.85 V -45 - 45
+0.875V < Vgyy1ag < 1.875 V -3.0% - 3.0%

Rated output load current, _ _ (46)
lswias +28V<V|<4.5V,0.625V < Vgpyag < 1.875V 2500 mA

Current limiter peak current detection
» SWH1A/B single phase (current through inductor)

+ SW1ABILIM =0 4.5 6.5 8.5
law1ABLIM * SW1ABILIM = 1 3.3 4.9 6.4 A (46)
» SWH1A/B dual phase (current through inductor per phase)
* SW1ABILIM =0 22 3.2 43
* SW1ABILIM = 1 1.6 24 3.2

Start-up overshoot

Vswi1ABOSH *lswiag = 0.0 MA - - 66 mv
* DVS clk = 25 mV/4 us, V|N = VINSW1X =45 V, VSW1AB =1.875V

Turn-on time
* Enable to 90% of end value
tONSW1AB . |Sw1AB = 00 mA - - 500 us

* DVS clk = 25 mV/4 us, V|N = VINSW1X =45 V, VSW1AB =1.875V

Switching frequency

; - SW1ABFREQ[1:0] = 00 - 1.0 - MHz
SW1AB « SW1ABFREQ[1:0] = 01 - 2.0 -
« SW1ABFREQ[1:0] = 10 - 4.0 -
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Table 54. SW1A/B/C electrical characteristics (continued)

All parameters are specified at Tyn to Tyax (See Table 3), Viy = VINgwix = 3.6V, Vowix = 1.2V, lgwix = 100 mA,
SW1x_PWRSTG[2:0] = [111], typical external component values, fgywix = 2.0 MHz, unless otherwise noted. Typical values are
characterized at V|5 = VINgw1x = 3.6 V, Vow1x = 1.2 V, Isw1x = 100 mA, SW1x_PWRSTG[2:0] = [111], and 25 °C, unless otherwise noted.

Symbol Parameter Min. Typ. Max. Unit Notes
SW1A/B (single/dual phase) (continued)
Efficiency (single phase)
. V|N =3.6 V, fSW1AB =2.0 MHZ, LSW1AB =1.0 ].lH
*PFM, 0.9V, 1.0 mA - 82 -
1 *PFM, 1.2V, 50 mA - 84 - %
SW1AB « APS, PWM, 1.2 V, 500 mA - 86 -
* APS, PWM, 1.2V, 750 mA - 87 -
* APS, PWM, 1.2V, 1250 mA - 82 -
* APS, PWM, 1.2V, 2500 mA - 7 -

AVswiaB Output ripple - 10 - mV
Vsw1ABLIR Line regulation (APS, PWM) - — 20 mV
VSw1ABLOR DC load regulation (APS, PWM) - - 20 mV

Transient load regulation
v » Transientload = 0 to 1.25 A, di/dt = 100 mA/us Iy
SWIABLOTR « Overshoot - - 50
« Undershoot - - 50
Quiescent current
ISW1ABQ *« PFM mode - 18 - uA
* APS mode - 235 -
SW1A P-MOSFET Rpg(on)
RONSW1AP . Vlew1A= 33V 215 245 mQ
SW1A N-MOSFET Rpgon)

RONSW1AN . Vlew1A =33V 258 326 mQ
| SW1A P-MOSFET leakage current _ B 75 A
SW1APQ “VINgw1a=45V "
| SW1A N-MOSFET leakage current _ _ 25 A
SW1ANQ . VINSW1A =45V . M

SW1B P-MOSFET Rps(on)
RONSW1BP . VINsw1B =33V - 215 245 mQ
SW1B N-MOSFET Rpgon) :

RONSW1BN . Vlew1B =33V 258 326 mQ
| SW1B P-MOSFET leakage current _ _ 75 A
SW1BPQ *VINgy1g = 4.5V . M
| SW1B N-MOSFET leakage current : B 25 A
SWIBNQ * VINgpy1g = 4.5 V H

Rsw1ABDIS Discharge resistance - 600 - Q
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Table 54. SW1A/B/C electrical characteristics (continued)

All parameters are specified at Tyn to Tyax (See Table 3), Viy = VINgwix = 3.6V, Vawix = 1.2V, Igwix = 100 mA,
SW1x_PWRSTG[2:0] = [111], typical external component values, fgy1x = 2.0 MHz, unless otherwise noted. Typical values are
characterized at V| = VINgy1x = 3.6 V, Vaw1x = 1.2 V, Isw1x = 100 mA, SW1x_PWRSTG[2:0] = [111], and 25 °C, unless otherwise noted.

Symbol Parameter Min. Typ. Max. Unit Notes

SW1C (independent)

VINsw1c Operating input voltage 2.8 - 4.5

Vswic Nominal output voltage - Table 41 -

Output voltage accuracy
+ PWM, APS, 2.8V <V|y<45V,0<Igyic<2.0A

+0.625V < Vgy1c < 1.450 V -25 - 25
*1.475V <Vgw1c < 1.875V -3.0% - 3.0%
Vswicacc mvV
* PFM, steady state 2.8 V <V <4.5V, 0 <lIgy1c <50 mA
«0.625V < VSW1C <0.675V -65 - 65
«0.7V< VSW1C <085V -45 - 45
*0.875V < Vgy1c < 1.875V -3.0% - 3.0%

Rated output load current
lswic +28V<V<4.5V,0.625V <Vgyc<1.875V - - 2000 mA

Current limiter peak current detection
| + Current through inductor

SWiCLIM « SW1CILIM = 0 2.6 4.0 5.2 (45)
* SW1ACILIM =1 1.95 3.0 3.9 —

Start-up overshoot
VswicosH * lswic=0mA - - 66 mVv
- DVS clk = 25 mV/4 s, Vi = VINgy1c = 4.5 V, Vawic = 1.875 V

Turn-on time
* Enable to 90% of end value
tONSW1C . |sw1c =0 mA - - 500 V3

*DVS clk =25 mV/4 us, V|N = Vlew»](; =45 V, VSW1C =1.875V

Switching frequency
+ SW1CFREQ[1:0] = 00 - 1.0 -

fswic « SW1CFREQ[1:0] = 01 - 2.0 - MHz
* SW1CFREQ[1:0] = 10 - 4.0 -
Efficiency
. V|N =3.6 V, fSW‘]C =20 MHZ, LSW1C =1.0 MH
*PFM, 0.9V, 1.0 mA - 7 -
n *PFM, 1.2V, 50 mA - 78 - %
swic « APS, PWM, 1.2 V, 400 mA - 86 -
« APS, PWM, 1.2V, 600 mA - 84 -
* APS, PWM, 1.2V, 1000 mA - 78 -
* APS, PWM, 1.2V, 2000 mA - 65 -

AVswic Output ripple - 10 - mV
VswicLIR Line regulation (APS, PWM) - - 20 mV
Vswi1cLOR DC load regulation (APS, PWM) - - 20 mV

Transient load regulation
» Transient load = 0.0 mA to 1.0 A, di/dt = 100 mA/us
VswicLotr * Overshoot - - 50 mv
» Undershoot - - 50
Quiescent current
ISW1 cQ * PFM mode - 22 - IJA

* APS mode - 145 -
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Table 54. SW1A/B/C electrical characteristics (continued)

All parameters are specified at Tyn to Tyax (See Table 3), Viy = VINgwix = 3.6V, Vowix = 1.2V, lgwix = 100 mA,
SW1x_PWRSTG[2:0] = [111], typical external component values, fgywix = 2.0 MHz, unless otherwise noted. Typical values are
characterized at V|5 = VINgw1x = 3.6 V, Vow1x = 1.2 V, Isw1x = 100 mA, SW1x_PWRSTG[2:0] = [111], and 25 °C, unless otherwise noted.

Symbol Parameter Min. Typ. Max. Unit Notes
SW1C (independent) (continued)
SW1C P-MOSFET Rpg(on) _
Ronswice «at VINgpy1c = 3.3 V 184 206 me
SW1C N-MOSFET Rpg(cn) 3
Ronswicn +at VINgy1c=3.3V 211 260 me
SW1C P-MOSFET leakage current
lswicra *VINgw1c= 4.5V - - 10.5 WA
| SW1C N-MOSFET leakage current _ B 35 A
swicNQ “VINgy1c= 4.5V .
Rswicpis Discharge resistance - 600 - Q
Notes
45. Meets 1.89 A current rating for VDDSOC_IN domain on i.MX 6X processor.
46.  Current rating of SW1AB supports the power virus mode of operation of the i.MX 6X processor.
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Figure 14. SW1AB efficiency waveforms: V|\y = 4.2 V; Voyt = 1.375 V; consumer version
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Figure 15. SW1AB efficiency waveforms: V|y = 4.2 V; Vgurt = 1.375 V; extended industrial version
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Figure 16. SW1C efficiency waveforms: V|y = 4.2 V; Vo1 = 1.375 V; consumer version
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