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12 Channel Configurable Power
Management Integrated Circuit

PF0200

The PF0200 Power Management Integrated Circuit (PMIC) provides a

highly programmable/ configurable architecture, with fully integrated
power devices and minimal external components. With up to four buck
converters, one boost regulator, six linear regulators, RTC supply, and

POWER MANAGEMENT

coin-cell charger, the PF0200 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 PF0200 is available in pre-
programmed standard versions, or non-programmed to support
custom programming. The PF0200 is especially suited to the

i.MX 6SoloLite, i.MX 6Solo and i.MX 6DualLite versions of the i.MX 6
family of devices and is supported by full system level reference

EP SUFFIX (E-TYPE)

ES SUFFIX (WF-TYPE)

designs, and pre-programmed versions of the device. This device is 56 QFN 8X8 56 QFN 8X8

powered by SMARTMOS technology. 98ASA00405D 98ASA00589D
Applications

Features: + Tablets

+ Three to four buck converters, depending on configuration - IPTV

+ Boost regulator to 5.0 V output * Industrial Control

» 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

« 12C control

* Individually programmable ON, OFF, and Standby modes
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Figure 1. Simplified Application Diagram

* This document contains certain information on a new product.
Specifications and information herein are subject to change without notice.
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1 Orderable Parts

Orderable Parts

The PF0200 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 Freescale reference designs where applicable. Details of the OTP programming for each device
can be found in Table 8. Contact your Freescale representative for more details.

Table 1. Orderable Part Variations

Part Number Temperature (Tp) Package Programming | Reference Designs | Qualification Tier | Notes
MMPF0200NPAEP NP N/A )
MMPF0200FOAEP . 56 QFN 8x8 mm - 0.5 mm pitch FO N/A )1

-40to 85 °C ET EN (full lead Consumer
MMPF0200F3AEP -Type QFN (full lead) F3 N/A (2)(1)
MMPF0200F4AEP F4 N/A )
MMPF0200FOANES FO N/A )1
) o 56 QFN 8x8 mm - 0.5 mm pitch Extended 21
MMPF0200F3ANES 40 to 105 °C WF-Type QFN (wettable flank) F3 N/A Industrial )
MMPF0200F4ANES F4 N/A )1
Notes
1. For Tape and Reel add an R2 suffix to the part number.
2. For programming details see Table 8.
PF0200
Analog Integrated Circuit Device Data
Freescale Semiconductor 3



Internal Block Diagram

2 Internal Block Diagram
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Figure 2. PF0200 Simplified Internal Block Diagram
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Pin Connections
Pinout Diagram

3 Pin Connections

3.1 Pinout Diagram
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Figure 3. Pinout Diagram
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Pin Connections
Pin Definitions

3.2

Pin Definitions

Table 2. PF0200 Pin Definitions

. . Pin . .
Pin Number Pin Name Function Max Rating Type Definition
1 INTB (0] 36V Digital Open drain interrupt signal to processor
2 SDWNB O 36V Digital Open drain signal to indicate an imminent system shutdown
3 RESETBMCU 0 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/ . . N
5 ICTEST | 7.5V Reserved pin. Connect to GND in application.
Analog
Output voltage feedback for SW1A/B. Route this trace separately
6 SW1FB @4 I 36V Analog | from the high-current path and terminate at the output
capacitance.
Input to SW1A regulator. Bypass with at least a 4.7 pF ceramic
7 SW1AIN 4) I 48V Analog | capacitorand a 0.1 pF decoupling capacitor as close to the pin as
possible.
8 SW1ALX 4 48V Analog Regulator 1A switch node connection
9 SW1BLX 4 O 48V Analog | Regulator 1B switch node connection
Input to SW1B regulator. Bypass with at least a 4.7 uF ceramic
10 SW1BIN 4 | 48V Analog capacitor and a 0.1 pF decoupling capacitor as close to the pin as
possible.
11 RSVD1 ) ) Reserved Rgserved for pin to pin compatibility. Internally connected. Leave
this pin unconnected.
12 RSVD2 - - Reserved |Reserved for pin to pin compatibility. Connect this pin to VIN.
13 RSVD3 ) ) Reserved Rgserved for pin to pin compatibility. Internally connected. Leave
this pin unconnected.
Ground reference for regulator SW1AB. It is connected externally
14 SW1VSSSNS GND ) GND to GNDREF through a board ground plane.
Ground reference for regulator SW2. It is connected externally to
15 GNDREF1 GND ) GND GNDREF, via board ground plane.
16 VGEN1 o 25V Analog VGEN1 regulator output, Bypass with a 2.2 uF ceramic output
capacitor.
17 VINA | 36V Analog VGEN1, 2 input supply. Bypass with .a 1.0 uF decoupling
capacitor as close to the pin as possible.
18 VGEN2 o 25V Analog VGEN2 regulator output, Bypass with a 4.7 uF ceramic output
capacitor.
19 RSVD4 ) ) Reserved Rgserved for pin to pin compatibility. Internally connected. Leave
this pin unconnected.
20 RSVD5 - - Reserved |Reserved for pin to pin compatibility. Connect this pin to VIN
21 RSVD6 ) ) Reserved Rgserved for pin to pin compatibility. Internally connected. Leave
this pin unconnected.
22 swaLx 4 O 48V Analog | Regulator 2 switch node connection
23 SW2IN 4 I 48V Analog | Input to SW2 regulator. Connect pin 23 together with pin 24 and
@ bypass with at least a 4.7 uF ceramic capacitor and a 0.1 uF
24 SW2IN | 48V Analog | decoupling capacitor as close to these pins as possible.
PF0200
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Table 2. PF0200 Pin Definitions (continued)

Pin Connections
Pin Definitions

. . Pin . .
Pin Number Pin Name Function Max Rating Type Definition

Output voltage feedback for SW2. Route this trace separately

25 SW2FB ¥ I 36V Analog | from the high-current path and terminate at the output
capacitance.

26 VGEN3 o 36V Analog VGEN3 regulator output. Bypass with a 2.2 uF ceramic output
capacitor.

27 VIN2 | 36V Analog VGEN3,4 |npgt. Bypass.wnh a 1.0 pF decoupling capacitor as
close to the pin as possible.

8 VGEN4 o 36V Analog VGEN4 regulator output, Bypass with a 4.7 uF ceramic output
capacitor.

29 VHALF [ 36V Analog | Half supply reference for VREFDDR

30 VINREEDDR | 36V Analog VREFPDR regulator |nput._Bypass W|_th atleast 1.0 uF decoupling
capacitor as close to the pin as possible.

31 VREFDDR O 36V Analog | VREFDDR regulator output

32 SW3VSSSNS GND ) GND Ground refe_rence for the SW3 regulator. Connect to GNDREF
externally via the board ground plane.
Output voltage feedback for SW3B. Route this trace separately

33 SW3BFB ) I 36V Analog | from the high-current path and terminate at the output
capacitance.
Input to SW3B regulator. Bypass with at least a 4.7 puF ceramic

34 SW3BIN 4) | 48V Analog | capacitor and a 0.1 uF decoupling capacitor as close to the pin as
possible.

35 SW3BLX 4 48V Analog Regulator 3B switch node connection

36 SW3ALX 4 o) 48V Analog | Regulator 3A switch node connection
Input to SW3A regulator. Bypass with at least a 4.7 uF ceramic

37 SW3AIN 4 | 48V Analog capacitor and a 0.1 uF decoupling capacitor as close to the pin as
possible.
Output voltage feedback for SW3A. Route this trace separately

38 SW3AFB ) | 36V Analog | from the high-current path and terminate at the output
capacitance.

39 VGENS o 36V Analog VGENS regulator output. Bypass with a 2.2 uF ceramic output
capacitor.

40 VIN3 | 48V Analog VGENS5, 6 |nput. Bypas§ with a 1.0 puF decoupling capacitor as
close to the pin as possible.

41 VGEN6 o 36V Analog VGEN§ regulator output. By pass with a 2.2 uF ceramic output
capacitor.

42 LICELL I/O 36V Analog Coin cell supply input/output

43 VSNVS O 3.6V Analog LDO or coin cell output to processor
Boost regulator feedback. Connect this pin to the output rail close

44 SWBSTFB ) | 55V Analog |to the load. Keep this trace away from other noisy traces and
planes.
Input to SWBST regulator. Bypass with at least a 2.2 uF ceramic

45 SWBSTIN ) | 48V Analog | capacitor and a 0.1 uF decoupling capacitor as close to the pin as
possible.

46 SWBSTLX 4 o) 75V Analog | SWBST switch node connection

(3) Digital &
47 VDDOTP | 10V Analog Supply to program OTP fuses

PF0200
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Pin Connections
Pin Definitions

Table 2. PF0200 Pin Definitions (continued)

Pin Number Pin Name Fu:(i:?ion Max Rating Type Definition

48 GNDREF GND - GND Ground reference for the main band gap regulator.

49 VCORE (6] 36V Analog | Analog Core supply

50 VIN | 48V Analog Main chip supply

51 VCOREDIG (0] 1.5V Analog | Digital Core supply

52 VCOREREF O 1.5V Analog Main band gap reference

53 SDA I/0 36V Digital I2C data line (Open drain)

54 SCL I 36V Digital | I12C clock

55 VDDIO | 36V Analog Zzzgli/ofct)r:elzgnbsz.plz};z?;:with 0.1 uF decoupling capacitor as

56 PWRON | 36V Digital Power On/off from processor
Expose pad. Functions as ground return for buck regulators. Tie

- EP GND - GND this pad to the inner and external ground planes through vias to

allow effective thermal dissipation.

Notes
3. 10V Maximum voltage rating during OTP fuse programming. 7.5 V Maximum DC voltage rated otherwise.

4. 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.

PF0200
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4 General Product Characteristics

4.1 Absolute Maximum Ratings

Table 3. Absolute Maximum Ratings

General Product Characteristics

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
ELECTRICAL RATINGS

VN Main input supply voltage -0.3t04.8
VppoTp OTP programming input supply voltage -0.3t0 10
VLICELL Coin cell voltage -0.3t0 3.6

ESD Ratings
VEsp Human Body Model(® +2000 Y%
Charge Device Model® +500

Notes

5. 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).

PF0200
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General Product Characteristics
Thermal Characteristics

4.2 Thermal Characteristics

Table 4. Thermal Ratings

Symbol Description (Rating) Min. Max. Unit

THERMAL RATINGS

Ambient Operating Temperature Range

Ta PF0200A -40 85 °C
PF0200AN -40 105

T, Operating Junction Temperature Range ® -40 125 °C

TsT Storage Temperature Range -65 150 °C

TppRrT Peak Package Reflow Temperature (7)) - Note 8 °C

QFN56 THERMAL RESISTANCE AND PACKAGE DISSIPATION RATINGS

Junction to Ambient ((10)(11)

Natural Convection o

Rosa Four layer board (2s2p) - 28 cw
Eight layer board (2s6p) - 15

R Junction to Ambient (@200 ft/min)@(1") W
0JMA Four layer board (2s2p) - 22

RoJs Junction to Board('?) - 10 °CIW

ReJceoTTom | Junction to Case Bottom('3) - 1.2 °CIW

i (14)
W Junction to Package Top _ 20 /W

Natural Convection

Notes

6. Do not operate beyond 125 °C for extended periods of time. Operation above 150 °C may cause permanent damage to the IC. See
Table 5 for thermal protection features.

7. 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.

8. Freescale’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.freescale.com, search by part number [e.g. remove prefixes/suffixes
and enter the core ID to view all orderable parts (i.e. MC33xxxD enter 33xxx), and review parametrics.

9. 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.

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

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

12.  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.

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

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

PF0200
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General Product Characteristics
Electrical Characteristics

4.2.1 Power Dissipation

During operation, the temperature of the die should not exceed the operating junction temperature noted in Table 4. To optimize
the thermal management and to avoid overheating, the PF0200 provides thermal protection. An internal comparator monitors the
die temperature. Interrupts THERM110l, THERM120l, THERM125I, and THERM130I will be generated when the respective
thresholds specified in Table 5 are crossed in either direction. The temperature range can be determined by reading the
THERMxxxS bits in register INTSENSEO.

In the event of excessive power dissipation, thermal protection circuitry will shut down the PF0200. This thermal protection will
act above the thermal protection threshold listed in Table 5. 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 such that this protection is not tripped under normal conditions.

Table 5. 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 6. General PMIC Static Characteristics

Consumer Tp =-40 to 85 °C and Extended Industrial T =-40to 105 °C, VIN=2.8t04.5 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
Vi - 0.0 0.2 * Vgnvs \%
PWRON
ViH - 0.8 * Vgnys 3.6
VoL -2.0 mA 0.0 0.4 \%
RESETBMCU
VoH Open Drain 0.7" V|y VIN \
VL - 0.0 0.2* Vppio \Y
SCL
ViH — 0.8 * Vppio 3.6 \%
Vi - 0.0 0.2 *Vppio \%
ViH - 0.8 * Vppio 3.6 \%
SDA
VoL -2.0 mA 0.0 0.4 \%
VOH Open Drain 0'7*VDD|O VDD|O \Y
VoL -2.0 mA 0.0 0.4 \%
INTB
Von Open Drain 0.7* VN VN \
VoL -2.0 mA 0.0 0.4 \%
SDWNB
VOH Open Drain 0.7* V|N V|N \Y
PF0200
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General Product Characteristics
Electrical Characteristics

Table 6. General PMIC Static Characteristics (continued)

Consumer Ty =-40 to 85 °C and Extended Industrial T =-40to 105 °C, VIN=2.8t04.5 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
Vi - 0.0 0.2 * Vgnys \%
STANDBY
ViH - 0.8 * Vgnvs 3.6 \%
Vi - 0.0 0.3 \%
VDDOTP
ViH - 1.1 1.7 \%

4.3.2 Current Consumption

Table 7. Current Consumption Summary

Consumer Tp = -40 to 85 °C and Extended Industrial Ty = -40 to 105 °C, VIN=3.6 V, VDDIO =1.7 t0 3.6 V, LICELL = 1.8 to
3.3V, VSNVS = 3.0V, typical external component values, unless otherwise noted. Typical values are characterized at VIN =
3.6V, VDDIO =3.3V, LICELL =3.0 V, VSNVS = 3.0 V and 25 °C, unless otherwise noted.

Mode PF0200 Conditions System Conditions Typical MAX Unit
VSNVS from LICELL
Coin Cell All other blocks off
(15),(16),(19) VIN=0.0V No load on VSNVS 4.0 7.0 HA

VSNVSVOLT[2:0] = 110

off (1917) 32k RC on No load on VSNVS, PMIC able to wake-up 17 25 LA

VSNVS from VIN or LICELL
Wake-up from PWRON active

All other blocks off
VIN > UVDET

Sleep (18) SW3A/B PFM LA

VSNVS from VIN
Wake-up from PWRON active

‘ . (20)
Trimmed reference active No load on VSNVS. DDR memories in self 122 220

Trimmed 16 MHz RC off refresh 122 250(21)

32kRCon
VREFDDR disabled

Standby (18) SWBST off low power mode. All rails powered on HA

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

SW2 in PFM

SW3A/B combined in PFM No load on VSNVS. Processor enabled in 270 430(20)

Trimmed 16 MHz RC enabled except boost (load = 0 mA) 270 52521
Trimmed reference active
VGEN1-6 enabled

VREFDDR enabled
Notes

15. At 25 °C only.

16. Refer to Figure 4 for Coin Cell mode characteristics over temperature.

17.  When VIN is below the UVDET threshold, in the range of 1.8 V < VIN < 2.65 V, the quiescent current increases by 50 pA, typically.

18. For PFM operation, headroom should be 300 mV or greater.

19. Additional current may be drawn in the coin cell mode when RESETBMCU is pulled up to VSNVS due an internal path from
RESETBMCU to VIN. The additional current is <30 pA with a pull up resistor of 100 kQ. The i.MX 6 processors have an internal pull-up
from the POR_B pin to the VDD_SNVS_IN pin. If additional current in the coin cell mode is not desired for i.MX6 applications, use an
external switch to disconnect the RESETBMCU path when VIN is removed. Pull-up RESETBMCU to a rail that is off in the coin cell
mode, for non-i.MX 6 applications.

20. From -40 to 85 °C, Applicable to Consumer and Extended Industrial part numbers

21.  From -40 to 105 °C, Applicable only to Extended Industrial parts

PF0200
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General Product Characteristics
Electrical Characteristics
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General Description
Features

5

General Description

The PF0200 is the Power Management Integrated Circuit (PMIC) designed primarily for use with Freescale’s i.MX 6 series of
application processors.

5.1

Features

This section summarizes the PF0200 features.

* Input voltage range to PMIC: 2.8 - 4.5V
* Buck regulators
» Three to four channel configurable
+ SW1A/B,2.5A;0.3t01.875V
+ SW2,15A;041t03.3V
+ SW3A/B, 2.5 A (single phase); 0.4 t0 3.3V
» SWB3A, 1.25 A (independent); SW3B, 1.25 A (independent); 0.4 to 3.3V
* 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, 5.0t05.15V, 0.6 A, OTG support
* Modes: PFM and Auto
*  OCP fault interrupt
+ LDOs
» Six user programable LDO
* VGEN1, 0.80 to 1.55V, 100 mA
* VGEN2, 0.80 to 1.55V, 250 mA
* VGEN3, 1.8t0 3.3V, 100 mA
* VGEN4, 1.8103.3V, 350 mA
*+ VGENS5, 1.81t03.3V, 100 mA
*+ VGENSG, 1.8103.3V, 200 mA
+ Soft start
+ LDO/Switch supply
* VSNVS (1.0/1.1/1.2/1.3/1.5/1.8/3.0 V), 400 pA
» DDR memory reference voltage
+ VREFDDR, 0.6 t0 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
+ 12C interface
» User programmable Standby, Sleep, and Off modes

PF0200
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General Description
Functional Block Diagram

5.2 Functional Block Diagram

PF0200 Functional Internal Block Diagram

Power Generation
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USB OTG Supply RTC supply with coin cell
Short-Circuit charger

Figure 5. Functional Block Diagram

5.3  Functional Description

5.3.1 Power Generation

The PF0200 PMIC features three buck regulators (up to four 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 three to four, 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. The SW3 regulator can be configured as a single phase or with two independent outputs. The buck regulators provide
the supply to processor cores and to other low-voltage circuits such as I0 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.

PF0200
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5.3.2 Control Logic

The PF0200 PMIC is fully programmable via the 12C 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 PF0200 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.

5.3.2.1 Interface Signals
PWRON

PWRON is an input signal to the IC that generates a turn-on event. It can be configured to detect a level, or an edge using the
PWRON_CFG bit. Refer to section Turn On Events for more details.

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
Standby Mode 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 will not reliably enter and exit the STANDBY mode.

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 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
PF0200 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 will be repeated. To enter the fault mode, set bit OTP_PG_EN of register

OTP PWRGD EN to “1”. This register, OXES8, is located on Extended Page 1 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.

SDWNB

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

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.

PF0200
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6 Functional Block Requirements and Behaviors

6.1 Start-up

The PF0200 can be configured to start-up from either the internal OTP configuration, or with a hard-coded configuration built into
the device. The internal hard-coded configuration is enabled by connecting the VDDOTP pin to VCOREDIG through a 100 kohm
resistor. The OTP configuration is enabled by connecting VDDOTP to GND.

For NP devices, selecting the OTP configuration causes the PF0200 to not start-up. However, the PF0200 can be controlled
through the 12c port for prototyping and programming. Once programmed, the NP device will startup with the customer
programmed configuration.

6.1.1 Device Start-up Configuration

Table 8 shows the Default Configuration which can be accessed on all devices as described above, as well as the pre-
programmed OTP configurations.

Table 8. Start-up Configuration

Default Configuration Pre-programmed OTP Configuration
Registers

All Devices FO F3 F4
Default I°C Address 0x08 0x08 0x08 0x08
VSNVS_VOLT 3.0V 3.0V 3.0V 3.0V
SW1AB_VOLT 1.375V 1.375V 1.375V 1.375V
SW1AB_SEQ 1 1 2 2
SW2_VOLT 3.0V 3.3V 3.15V 3.15V
SW2_SEQ 2 5 1 1
SW3A_VOLT 1.5V 15V 12V 1.5V
SW3A_SEQ 3 3 4 4
SW3B_VOLT 1.5V 15V 12V 15V
SW3B_SEQ 3 3 4 4
SWBST_VOLT - 50V 50V 50V
SWBST_SEQ - 13 6 6
VREFDDR_SEQ 3 3 4 4
VGEN1_VOLT - 15V 1.2V 1.2V
VGEN1_SEQ - 9 4 4
VGEN2_VOLT 1.5V 1.5V - -
VGEN2_SEQ 2 10 - -
VGEN3_VOLT - 25V 1.8V 1.8V
VGEN3_SEQ - 11 3 3
VGEN4_VOLT 1.8V 1.8V 1.8V 1.8V
VGEN4_SEQ 3 7 3 3
VGEN5_VOLT 25V 28V 25V 25V
VGEN5_SEQ 3 12 5 5
VGEN6_VOLT 2.8V 3.3V - -

PF0200
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Table 8. Start-up Configuration (continued)

Default Configuration Pre-programmed OTP Configuration
Registers
All Devices FO F3 F4
VGEN6_SEQ 3 8 - -
PU CONFIG, SEQ_CLK_SPEED 1.0 ms 2.0ms 1.0 ms 1.0 ms
PU CONFIG, SWDVS_CLK 6.25 mV/us 1.5625 mV/us 12.5 mV/ps 12.5 mV/ps
PU CONFIG, PWRON Level sensitive
SW1AB CONFIG SW1AB Single Phase, 2.0 MHz
SW2 CONFIG 2.0 MHz
SW3A CONFIG SW3AB Single Phase, 2.0 MHz
SW3B CONFIG 2.0 MHz
PG EN RESETBMCU in Default Mode
LICELL‘
— —& — — UVDET
VIN D e
Moo/
VSNVS te |t

|
|
|
SW1A/B A |
| 1
/|
SW2 : :
1)
l/
VGEN2 Vo
|
|
SW3AB !
|
|
VREFDDR u/l
| 1
| |
VGEN4 Yo
%
VGEN5 ! !
|
VGENG ':/tf’*‘ e
| |
/
|
RESETBMCU

*VSNVS will start from 1.0 V if LICELL is valid before VIN.

Figure 6. Default Start-up Sequence
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Table 9. Default Start-up Sequence Timing
Parameter Description Min Typ Max Unit
tp4 Turn-on delay of VSNVS (22) - 5.0 - ms
tr1 Rise time of VSNVS - 3.0 - ms
tp2 User determined delay - 1.0 - ms
tro Rise time of PWRON - (23) - ms
Turn-on delay of first regulator
SEQ_CLK_SPEED[1:0] = 00 - 2.0 -
ts SEQ_CLK_SPEED[1:0] = 014 - 2.5 -
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
Delay between regulators
SEQ_CLK_SPEED[1:0] = 00 - 0.5 -
tpa 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
22. 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.
23. Depends on the external signal driving PWRON.
24. Default configuration.
25. 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. 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 that can be configured by OTP are listed below.

+ General: I°C slave address, PWRON pin configuration, start-up sequence and timing

» Buck regulators: Output voltage, 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 that 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 phase or independent mode) and the switching frequency. Additionally, if an LDO is powered by a buck
regulator, it will be gated by the buck regulator in the start-up sequence.

6.1.2.1  Start-up Sequence and Timing

Each regulator has 5-bits 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 that a regulator is not part of the start-up
sequence and will remain off. See Table 10. The delay between each position is equal; however, four delay options are available.
See Table 11. The start-up sequence will terminate at the last programmed regulator.
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6.1.2.2

Table 10. 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_SPEEDI[1:0] * 2

*

*

*

*

*

*

*

*

11111

SEQ_CLK_SPEED[1:0] * 31

Table 11. Start-up Sequence Clock Speed

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

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 will turn
on the part and if the switch is held low for greater than or equal to 4.0 seconds, the part will turn off or enter Sleep mode.

PF0200

Table 12. PWRON Configuration

PWRON_CFG

Mode

0

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
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6.1.2.3 12C Address Configuration

The I2C device address can be programmed from 0x08 to 0xOF. 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 (12C_SLV_ADDR][2:0]) are programmable as shown in Table 13.

Table 13. 12C Address Configuration

|2cﬁ§|r.:6ﬁ3eD:[3] 2C_SLV_ADDR[2:0] 12c Dev(ilcjt: )deress
1 000 0x08
1 001 0x09
1 010 OX0A
1 011 0x0B
1 100 0x0C
1 101 0x0D
1 110 OXOE
1 111 OXOF

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 Dynamic Voltage Scaling.

6.1.3 OTP Prototyping

It is possible to test the desired configuration by using the “Try Before Buy” feature, before permanently programming fuses. The
configuration is loaded from the OTP registers with this feature. 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 will be referred to as the TBBOTP registers. The portion of the register map that concerns OTP is
shown in Table 121 and Table 122.

The contents of the TBBOTP registers are initialized to zero when a valid VIN is first applied. The values that are then 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 14.

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

» IfVDDOTP =0.0V, TBB_POR =0and FUSE_POR_XOR =1, the values are loaded from the fuses. It is required to set all
the FUSE_PORX bits 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 I2C, VIN must be valid and VDDIO, to which
SDA and SCL are pulled up, must be powered by a 1.7 to 3.6 V supply. V|, 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.

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 is 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 will power on with the configuration programmed in the fuses. Contact your Freescale
representative for more details on reading the OTP fuses.
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6.1.5 Programming OTP Fuses

The parameters that can be programmed are shown in the TBBOTP registers in the Extended Page 1 of the register map. The
PF0200 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 that can be programmed.

Table 14. 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
15 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 25 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 15. 16 MHz Clock Specifications
Consumer Tp = -40 to 85 °C and Extended Industrial Ty =-40to 105 °C, V|y=2.8t0 4.5V, LICELL = 1.8 to 3.3 V and typical
external component values. Typical values are characterized at V| =3.6 V, LICELL =3.0V, and 25 °C, unless otherwise noted.

Parameters Symbol Min Typ Max Units
Operating Voltage From VIN VIN16MHz 2.8 - 4.5 \
16 MHz Clock Frequency f1eMHZ 14.7 16 17.3 MHz
2.0 MHz Clock Frequency (%8) fomuz 1.84 - 2.16 MHz

Notes
26. 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 16MHz clock, the user may add an offset as small as £3.0% of the nominal

frequency.
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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 16 shows the main characteristics of the core circuitry.

Table 16. Core Voltages Electrical Specifications(2%)

Consumer Tp = -40 to 85 °C and Extended Industrial Ty =-40 to 105 °C, V|y=2.8t0 4.5V, LICELL = 1.8 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.

Parameters Symbol Min Typ Max Units

VCOREDIG (DIGITAL CORE SUPPLY)

Output Voltage
ON mode @7) VCOREDlG - 1.5 - \
Coin cell mode and OFF - 1.3 —

VCORE (ANALOG CORE SUPPLY)

Output Voltage
ON mode and charging®”) VcoRE - 2.775 - \
OFF and Coin cell mode - 0.0 -

VCOREREF (BANDGAP / REGULATOR REFERENCE)

Output Voltage(?”) VCOREREF - 1.2 - v
Absolute Accuracy VCOREREFACC - 0.5 - %
Temperature Drift VCOREREFTACC - 0.25 - %
Notes
27. 3.0V <V <4.5YV, noexternal loading on VCOREDIG, VCORE, or VCOREREF. Extended operation down to UVDET, but no system
malfunction.

28. For information only.

6.3.1.1  External Components

Table 17. External Components for Core Voltages

Regulator Capacitor Value (uF)
VCOREDIG 1.0
VCORE 1.0
VCOREREF 0.22
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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 [

CHALF1

100 nf VHALF

i1

CHALFZ
100 nf

-

VREFDDR

VREFDDR

ﬁ

Creropr
1.0 uf

|
! |
| +

Discharge |

I
|
|
|
|
|
|
|
L

Figure 7. VREFDDR Block Diagram
6.3.2.1 VREFDDR Control Register
The VREFDDR voltage reference is controlled by a single bit in VREFDDCRTL register in Table 18.

Table 18. Register VREFDDCRTL - ADDR 0x6A

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

External Components

Table 19. VREFDDR External Components(zg)

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

Notes
29. Use X5R or X7R capacitors.
30. VINREFDDR to GND, 1.0 uF minimum capacitance is provided by buck regulator output.
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Table 20. VREFDDR Electrical Characteristics

Functional Block Requirements and Behaviors

Bias and References Block Description

Consumer Tp = -40 to 85 °C and Extended Industrial Ty =-40 to 105 °C, V|5 = 3.6 V, Irerppr = 0.0 mA, V\nrerpopr = 1-5 V and
typical external component values, unless otherwise noted. Typical values are characterized at V |y = 3.6 V, Irerppr = 0.0 mA,

ViNrRerDDR = 1.5V, and 25 °C, unless otherwise noted.

Parameter

Symbol

Min

Typ

Max

Unit

VREFDDR

Operating Input Voltage Range

VINREFDDR

1.2

1.8

Operating Load Current Range

IREFDDR

0.0

10

mA

Current Limit
IRerpDR When Vrerppr is forced to Vinrerppr/4

IREFDDRLIM

10.5

15

25

mA

Quiescent Current®!)

IREFDDRQ

8.0

pA

ACTIVE MODE - DC

Output Voltage
1.2V <V|NreFppRr < 1.8V
0.0 mA < IREFDDR <10 mA

VREFDDR

V\NREFDDR/2

Output Voltage Tolerance (TA = -40 to 85 °C)
1.2V <V|NrerFppR < 1.8V
0.6 mA< IREFDDR <10 mA

VREFDDRTOL

1.0

%

Output Voltage Tolerance (TA = -40 to 85 °C), applicable only to
the extended Industrial version

1.2V < ViNnreFpDR < 1.8V

0.6 mA< IREFDDR <10 mA

VREFDDRTOL

-1.20

1.2

%

Load Regulation
1.0 mA < IREFDDR <10 mA
1.2V < ViNreFpDR < 1.8V

VREFDDRLOR

0.40

mV/mA

ACTIVE MODE - AC

Turn-on Time
Enable to 90% of end value
VINREFDDR = 1.2V, 1.8V
IrerppR = 0.0 MA

toNREFDDR

100

us

Turn-off Time
Disable to 10% of initial value
VlNREFDDR =1.2 V, 1.8V
IrerpDR = 0.0 MA

toFFREFDDR

10

ms

Start-up Overshoot
VINREFDDR = 1.2V, 1.8V
IrerppR = 0.0 MA

VREFDDROSH

1.0

6.0

%

Transient Load Response
VINREFDDR = 1.2V, 1.8V

VREFDDRTLR

5.0

mV

Notes

31. When VREFDDR is off there is a quiescent current of 1.5 pA typical.
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6.4 Power Generation

6.4.1 Modes of Operation

The operation of the PF0200 can be reduced to five states, or modes: ON, OFF, Sleep, Standby, and Coin Cell. Figure 8 shows
the state diagram of the PF0200, 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_CFG =0)
Or
PWRON =0 held >=4.0 sec

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

VIN < UVDET

(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 27 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 PF0200 enters the On mode after a turn-on event. RESETBMCU is de-asserted, high, in this mode of operation.
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6.4.1.2 OFF Mode

The PF0200 enters the Off mode after a turn-off event. A thermal shutdown event also forces the PF0200 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.

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 that decoding of a Standby event will
take into account the programmed input polarity as shown in Table 21. When the PF0200 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 will generally be referred to as active high throughout this document.

Table 21. Standby Pin and Polarity Control

STANDBY (Pin)®® | STANDBYINV (I2C bit)(34 STANDBY Control (32)

0 0 0

0 1 1
1 0 1
1 1 0

Notes
32. STANDBY = 0: System is not in Standby, STANDBY = 1: System is in Standby
33. The state of the STANDBY pin only has influence in On mode.
34. 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 22, STBYDLY will delay 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 22. STANDBY Delay - Initiated Response

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

35. Bits [5:4] in Power Control Register (ADDR - 0x1B)
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6.41.4 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 will use the set point as programmed by SW1ABOFF[5:0] for SW1A/B and by SWxOFF[6:0] for
SW2 and SW3A/B. The activated regulators will maintain settings for this mode and voltage until the next turn-on event. Table 23
shows the control bits in Sleep mode. During Sleep mode, interrupts are active and the INTB pin will report any unmasked fault
event.

Table 23. Regulator Mode Control

SWxOMODE Off Operational Mode (Sleep) (36)
0 Off
1 PFM

Notes
36. For sleep mode, an activated switching regulator, should use the off
mode set point as programmed by SW1ABOFF[5:0] for SW1A/B and
SWxOFF[6:0] for SW2 and SW3A/B.

6.4.1.5 Coin Cell Mode

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

If the coin cell is depleted, a complete system reset will occur. At the next application of power and the detection of a Turn-on
event, the system will be re-initialized with all I2C bits including those that reset on COINPORB, are restored to their default
states.
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6.4.2 State Machine Flow Summary

Table 24 provides a summary matrix of the PF0200 flow diagram to show the conditions needed to transition from one state to
another.

Table 24. State Machine Flow Summary

Next State
STATE -
OFF Coin cell Sleep Standby ON
PWRON_CFG =0
PWRON =1 & V> UVDET
OFF X Vin < UVDET X X PWRONOFCFG -1
PWRON=0<4.0s
& V)y > UNDET
Coin cell VN > UVDET X X X X
Thermal Shutdown PWRON_CFG =0
PWRON =1 &V > UVDET
s PWRON_CFG =1 or
leep PWRON=024.0s Vi < UVDET X X PWRON_CFG = 1
Any SWxOMODE = 1 & PWRON=0<4.0s &
PWRONRSTEN = 1 VN> UNDET
) Thermal Shutdown
] PWRON_CFG =0
2] PWRON_CFG =0 PWRON =0
Eg PWRON =0 Any SWxOMODE =1
c Standb All SWxOMODE =0 or s
y or V|Ny < UVDET PWRON_CFG = 1 X tandby de-asserted
PWRON_CFG =1 PWRON=024.0s
PWRON=024.0s 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 Standby
ON
or Vin<UVDET | b\vRON_CFG = 1 asserted X
PWRON_CFG =1 PWRON=024.0s
PWRON=024.0s Any SWxOMODE =1 &
All SWxOMODE =0 & PWRONRSTEN = 1
PWRONRSTEN = 1

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 24 for more details. Any regulator enabled in the Sleep mode will
remain enabled when transitioning from Sleep to ON, i.e., the regulator will not be turned 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 will turn on; the interrupt and sense bits,
PWRONI and PWRONS respectively, will be set.

+ IfPWRON_CFG =1, V> UVDET and PWRON ftransitions from high to low, the PMIC will turn on; the interrupt and sense
bits, PWRONI and PWRONS respectively, will be set.
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The sense bit will show 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
PWRONDBNCI1:0] as defined in the table below. The interrupt is cleared by software, or when cycling through the OFF mode.

Table 25. PWRON Hardware Debounce Bit Settings

Bits State Turn On Falling Edge INT Rising Edge INT
Debounce (ms) Debounce (ms) 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
37. The sense bit, PWRONS, is not debounced and follows the state of the PWRON pin.

6.4.2.2 Turn Off Events

PWRON Pin

The PWRON pin is used to power off the PF0200. 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.

Thermal Protection

If the die temperature surpasses a given threshold, the thermal protection circuit will power off the PMIC to avoid damage. A turn-
on event will not power on the PMIC while it is in thermal protection. The part will remain 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 Power
Dissipation section for more detailed information.

Undervoltage Detection

When the voltage at VIN drops below the undervoltage falling threshold, UVDET, the state machine will transition to the Coin Cell
mode.

6.4.3 Power Tree

The PF0200 PMIC features four 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|N). 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 26 for a summary of all power supplies provided by the PF0200.
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Supply Output Voltage (V) Step Size (mV) Maximum Load Current (mA)
SW1A/B 0.3-1.875 25 2500
SW2 04-33 25/50 1500

SW3A/B 04-3.3 25/50 1250(38)
SWBST 5.00/5.05/5.10/5.15 50 600
VGENT1 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 1.8-33 100 100
VGEN6 1.8-3.3 100 200
VSNVS 1.0-3.0 NA 0.4

VREFDDR 0.5*SW3A_OUT NA 10

Notes
38. Current rating per independent phase, when SW3A/B is set in single phase, current capability is up to

2500 mA.

Figure 9 shows a simplified power map with various recommended options to supply the different block within the PF0200, as
well as the typical application voltage domain on the i.MX 6 application processors. 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 27

summarizes the UVDET thresholds.

Table 27. UVDET Threshold

UVDET Threshold VN
Rising 31V
Falling 265V
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i.MX6X
MCU
P VDDARM_IN
VDDSOC_IN
VN P\/DDHIGH_IN
28-45V
- > LDO_3p0
VIN
- VSNVS_IN
Coincell }
o — -
o S -
o — -

Figure 9. PF0200 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: 1°c programming, exiting/entering the Standby mode, exiting/entering Sleep mode, and
load current variation. Available switching modes for buck regulators are presented in Table 28.

Table 28. Switching Mode Description

Mode Description

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

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

PFM optimized efficiency.
PWM In this mode, the regulator is always in PWM mode operation regardless of load conditions.
APS In this mode, the regulator 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.
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Table 29 summarizes the Buck regulator programmability for Normal and Standby modes.

Table 29. 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

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 Dynamic Voltage Scaling. The
output voltage options are the same for Normal and Standby modes for each regulator.

When in Standby mode, the regulator outputs the voltage programmed in its standby voltage register and will operate in the mode
selected by the SWxMODE[3:0] bits. Upon exiting Standby mode, the regulator will return to its normal switching mode and its
output voltage programmed in its voltage register.

Any regulators whose SWxOMODE bit is set to “1” will enter Sleep mode if a PWRON turn-off event occurs, and any regulator
whose SWxOMODE bit is set to “0” will be turned off. In Sleep mode, the regulator outputs the voltage programmed in its off
(Sleep) voltage register and operates in the PFM mode. The regulator will exit the Sleep mode when a turn-on event occurs. Any
regulator whose SWxOMODE bit is set to “1” will remain 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” will be 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 23 shows the control bits in Sleep mode. When Sleep mode is activated by the SWxOMODE bit, the regulator will use the
set point as programmed by SW1ABOFF[5:0] for SW1A/B and by SWxOFF[6:0] for SW2 and SW3A/B.

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 SW1AB[5:0] for SW1A/B and SWx[6:0] for SW2 and SW3A/B.
A voltage transition initiated by 12C is governed by the DVS stepping rates shown in Table 32 and Table 33.

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 SW1ABSTBY[5:0] for SW1A/B and by bits
SWxSTBY[6:0] for SW2 and SW3A/B. Voltage transitions initiated by a Standby event are governed by the

SW1ABDVSSPEED[1:0] and SWxDVSSPEEDI[1:0] I2C bits shown in Table 32 and Table 33, respectively.
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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 SW1ABOFF[5:0] for SW1A/B and by bits
SWxOFF[6:0] for SW2, and SW3A/B. Voltage transitions initiated by a turn-off event are governed by the

SW1ABDVSSPEED[1:0] and SWxDVSSPEEDI[1:0] I2C bits shown in Table 32 and Table 33, respectively.

Table 30, Table 31, Table 32, and Table 33 summarize the set point control and DVS time stepping applied to all regulators.

Table 30. DVS Control Logic for SW1A/B

STANDBY Set Point Selected by
0 SW1AB[5:0]
1 SW1ABSTBYI[5:0]

Table 31. DVS Control Logic for SW2 and SW3A/B

STANDBY

Set Point Selected by

0

SWx[6:0]

1

SWxSTBY[6:0]

Table 32. DVS Speed Sel

ection for SW1A/B

SW1ABDVSSPEED[1:0]

Function

00

25 mV step each 2.0 ps

01 (default)

25 mV step each 4.0 pus

10

25 mV step each 8.0 us

11

25 mV step each 16 ps

Table 33. DVS Speed Selection for SW2 and SW3A/B

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 ps

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 ps

1"

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.
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Figure 10. Voltage Stepping with DVS

Regulator Phase Clock

The SWxPHASE[1:0] bits select the phase of the regulator clock as shown in Table 34. By default, each regulator is initialized at
90 ° out of phase with respect to each other. For example, SW1A/B is setto 0 °, SW2 is set to 90 ° and SW3A/B is set to 180 °

by default at power up.

Table 34. Regulator Phase Clock Selection

SWxPHASE[1:0] Phase of Clczgle(;z:;)to Regulator
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 36 shows
the selectable options for SWxFREQ[1:0]. For each frequency, all phases will be 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 35 shows the optimum phasing when using more than
one switching frequency.

Table 35. 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 °
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Table 36. Regulator Frequency Configuration

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

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 on the Extended Page 2 of the register map control the number of power stages. See Table 37 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 that are enabled.

Table 37. Programmable Current Configuration

Regulators Control Bits % of IE(:‘vavz:'e(Sjtages Rated Current (A)
SW1AB_PWRSTG[2:0] ISW1AByax
0 0 1 40% 1.0
SW1AB 0 1 1 80% 2.0
1 0 1 60% 1.5
1 1 1 100% 25
SW2_PWRSTG[2:0] ISW2p1ax
0 0 1 38% 0.55
Sw2 0 1 1 75% 1.125
1 0 1 63% 0.95
1 1 1 100% 1.5
SW3A_PWRSTG[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] ISW3Byax
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
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6.4.4.3 SW1A/B

SW1A/B is a 2.5 A single phase regulator. The SW1ALX and SW1BLX pins should be connected together on the board.
SW1_CONFIG[1:0] = 01 is the only configuration supported.

The single phase configuration is programmed by OTP by using SW1_CONFIG[1:0] bits in the register map Extended Page 1,
as shown in Table 38.

Table 38. SW1 Configuration

SW1_CONFIG[1:0] Description
00 Reserved
01 A/B Single Phase
10 Reserved
11 Reserved

SW1A/B Single Phase
In this configuration, SW1A/B is connected as a single phase with a single inductor. This configuration allows reduced component
count by using only one inductor for SW1A/B. Figure 11 shows the physical connection for SW1A/B in single phase.

SW1AIN J\ SW1AMODE

<i}7<7
‘*‘ Controller

SWIAB

; e SWIALX E Driver
-SW1A L

I Coswin ﬂ“* SWIAFAULT]

Internal 12C
Compensation l
12C

Interface -

C|NSW1A

&
.

SWIFB (4

\f DAC
Vin 4/¢\; Y

SW1BIN Py » < SW1BMODE

Icwswm <I>
.|
- 4*‘ Controller

SW1BLX

=)
P }_FL%* SW1BFAULT

- VREF

Figure 11. SW1A/B Single Phase Block Diagram

Both SW1ALX and SW1BLX nodes operate at the same DVS, frequency, and phase configured by the SW1ABCONF register.
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SW1A/B Setup and Control Registers

SW1A/B output voltage is programmable from 0.300 to 1.875 V in steps of 25 mV. The output voltage set point is independently
programmed for Normal, Standby, and Sleep mode by setting the SW1AB[5:0], SW1ABSTBY[5:0], and SW1ABOFF[5:0] bits
respectively. Table 39 shows the output voltage coding for SW1A/B. Note: Output voltages of 0.6 V and below are not supported.

Table 39. SW1A/B Output Voltage Configuration

SW1AB[5:0] SW1AB[5:0]
Set Point | SW1ABSTBY[5:0] | SW1AB Output (V) | Set Point | SW1ABSTBY[5:0] | SW1AB Output (V)
SW1ABOFFI[5:0] SW1ABOFFI[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
1 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 40 provides a list of registers used to configure and operate SW1A/B and a detailed description on each one of these
register is provided in Table 41 through Table 45.

PF0200

Table 40. SW1A/B 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

Table 41. 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 39 for all possible
configurations.
UNUSED 7:6 - 0x00 |UNUSED

Table 42. 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 39 for all possible
configurations.
UNUSED 7:6 - 0x00 |UNUSED
Table 43. 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 39 for all possible
configurations.
UNUSED 7:6 - 0x00 |UNUSED

Table 44. Register SW1ABMODE - ADDR 0x23

Name Bit # R/W | Default Description
. Sets the SW1AB switching operation mode.
SW1ABMODE 30 RIW 0x80 See Table 29 for all possible configurations.
UNUSED 4 - 0x00 |UNUSED
Set status of SW1AB when in Sleep mode
SW1ABOMODE 5 R/wW 0x00 0= OFF
1=PFM
UNUSED 7:6 - 0x00 |UNUSED
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Table 45. Register SW1ABCONF - ADDR 0x24

Name Bit # R/W | Default Description
SWH1AB 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 32 RIW 0x00 SW1A/B switching frequency selector
See Table 36.
SWAABPHASE 54 RIW 0x00 SW1A/B Phase clock selection
See Table 34.
SW1ABDVSSPEED 76 | RW | oxo0 |SWIA/BDVS speed selection
See Table 32.

SW1A/B External Components

Table 46. SW1A/B External Component Recommendations

Mode
Components Description A/B Single Phase

Cinswi1al® SW1A Input capacitor 4.7 uF
Civtane® SW1A Decoupling input capacitor 0.1 uF
Cinswis®? SW1B Input capacitor 4.7 uF
Cin1ereS?) SW1B Decoupling input capacitor 0.1 uF
Coswi1a®? SW1A/B Output capacitor 4x22 yF

1.0 uH
Lswia SW1A/B Inductor DCR =12 mQ

IsaT = 4.5 A

Notes

39. Use X5R or X7R capacitors.

Power Generation
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SW1A/B Specifications

Table 47. SW1A/B Electrical Characteristics

All parameters are specified at Consumer T, = -40 to 85 °C and Extended Industrial Ty =-40 to 105 °C, V|y = VINgy1x=3.6 V,
Vswiag= 1.2 V, Isw1ag = 100 mA, SW1AB_PWRSTG[2:0] = [111], typical external component values, fsy1ag = 2.0 MHz, unless
otherwise noted. Typical values are characterized at V|y = VINgy1x = 3.6 V, Vgw1av = 1.2 V, Igw1ag = 100 mA,
SW1AB_PWRSTG[2:0] = [111], and 25 °C, unless otherwise noted.

Parameter

Symbol

Min

Typ

Max

Unit

SW1A/B (SINGLE PHASE)

Operating Input Voltage

VINsw1a
VINsw18

2.8

4.5

Nominal Output Voltage

Vsw1as

Table 39

Output Voltage Accuracy

« PWM, APS,2.8V <V|y<45V,0<Igyiag<2.5A
0.625V < Vgpyqag < 1.450 V
1475V <Vgwiag < 1.875V

* PFM, steady state, 2.8 V <V|y<4.5V, 0 <lIgyqap < 150 mA
0.625V < VSW']AB <0.675V
0.7V< VSW1AB <085V
0.875 V < Vgpy1ag < 1.875V

Vsw1aBacc

-25
-3.0%

-65
-45
-3.0%

25
3.0%

65
45
3.0%

mV
%

Rated Output Load Current, (40)
28V <V|N<45V,0.625V <Vgyiag<1.875V

Isw1aB

2500

mA

Current Limiter Peak Current Detection (40)

» SW1A/B Single Phase (current through inductor)
SW1ABILIM =0
SW1ABILIM =1

Isw1ABLIM

4.5
3.3

6.5
4.9

8.5
6.4

Start-up Overshoot
ISW']AB = 0.0mA
DVS clk = 25 mV/4 us, V|N = VINSW1X =45 V, VSW1AB =1.875V

Vsw1ABOSH

66

mV

Turn-on Time
Enable to 90% of end value
Isw1ag = 0.0 mA
DVS clk =25 mV/4 us, V|N = VINSW1X =45 V, VSW1AB =1.875V

tONsw1aB

500

us

Switching Frequency
SW1ABFREQ[1:0] = 00
SW1ABFREQ[1:0] = 01
SW1ABFREQ[1:0] = 10

fswias

1.0
2.0
4.0

MHz

Efficiency (Single Phase)
. V|N =3.6 V, fSW1AB =20 MHZ, LSW1AB =1.0 }J.H
PFM, 0.9V, 1.0 mA
PFM, 1.2V, 50 mA
APS, PWM, 1.2V, 500 mA
APS, PWM, 1.2V, 750 mA
APS, PWM, 1.2V, 1250 mA
APS, PWM, 1.2V, 2500 mA

Nsw1AB

82
84
86
87
82
71

%

Output Ripple

AVsw1aB

10

mV

Line Regulation (APS, PWM)

Vsw1ABLIR

20

mV

DC Load Regulation (APS, PWM)

Vsw1ABLOR

20

mV
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Table 47. SW1A/B Electrical Characteristics (continued)

Functional Block Requirements and Behaviors
Power Generation

All parameters are specified at Consumer T = -40 to 85 °C and Extended Industrial T =-40 to 105 °C, V|y = VINgy1x=3.6 V,
Vawiag= 1.2V, Iswiag = 100 mA, SW1AB_PWRSTG[2:0] = [111], typical external component values, fsy1ag = 2.0 MHz, unless
otherwise noted. Typical values are characterized at V|y = VINgy1x = 3.6 V, Vgw1iav = 1.2V, Isw1ag = 100 mA,
SW1AB_PWRSTG[2:0] = [111], and 25 °C, unless otherwise noted.

Parameter Symbol Min Typ Max Unit

SW1A/B (SINGLE PHASE) (CONTINUED)
Transient Load Regulation
* Transient load = 0 to 1.25 A, di/dt = 100 mA/us Vv mv

Overshoot SWIABLOTR - - 50

Undershoot - - 50
Quiescent Current

PFM Mode ISW1ABQ - 18 - HA

APS Mode - 235 -
SW1A P-MOSFET Rpson

VINsw1A =33V RONSW1AP - 215 245 mQ
SW1A N-MOSFET Rpson _

VINsw1A =33V RONSW1AN 258 326 mQ
SW1A P-MOSFET Leakage Current | _ _ 75 A

VINswia=4.5V SW1APQ . v
SW1A N-MOSFET Leakage Current | _ _ 25 A

VINSW1A =45V SW1ANQ . M
SW1B P-MOSFET Rpson _

VINsw1B =33V RONSW1BP 215 245 mQ
SW1B N-MOSFET Rpsgon _

Vlew1B =33V RONSW1BN 258 326 mQ
SW1B P-MOSFET Leakage Current | _ _ 75 A

VINSW1B =45V SW1BPQ . M
SW1B N-MOSFET Leakage Current | _ _ 25 A

VINSW1B =45V SW1BNQ . M
Discharge Resistance Rsw1aBDIS - 600 - Q
Notes

40. Current rating of SW1AB supports the Power Virus mode of operation of the i.MX6X processor.
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SW1AB Single Phase
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Figure 12. SW1AB Efficiency Waveforms

6.4.44 SW2

SW2 is a single phase, 1.5 A rated buck regulator. Table 28 describes the modes, and Table 29 show the options for the
SWxMODE[3:0] bits.

Figure 13 shows the block diagram and the external component connections for SW2 regulator.

SW2IN J\ > - SW2MODE

CINSW2

-
i%_

Controller

Sw2
-y
SW2FAULT, 12C
L ¢ Interface | ’
Internal 12C
Compensation i
SW2FB H
r— Vger
r DAC

Figure 13. SW2 Block Diagram

SW2 Setup and Control Registers

SW2 output voltage is programmable from 0.400 to 3.300 V; however, bit SW2[6] in register SW2VOLT is read-only during
normal operation. Its value is determined by the default configuration, or may be changed by using the OTP registers. Therefore,
once SW2[6] is set to “0”, the output will be limited to the lower output voltages from 0.400 to 1.975 V with 25 mV increments, as
determined by bits SW2[5:0]. Likewise, once bit SW2[6] is set to “1”, the output voltage will be limited to the higher output voltage
range from 0.800 to 3.300 V with 50 mV increments, as determined by bits SW2[5:0].

In order to optimize the performance of the regulator, it is recommended that only voltages from 2.000 to 3.300 V be used in the
high range, and the lower range be used for voltages from 0.400 to 1.975 V.

The output voltage set point is independently programmed for Normal, Standby, and Sleep mode by setting the SW2[5:0],
SW2STBY[5:0] and SW20OFF[5:0] bits, respectively. However, the initial state of bit SW2[6] will be copied into bits SW2STBY[6],
and SW2OFF([6] bits. Therefore, the output voltage range will remain the same in all three operating modes. Table 48 shows the
output voltage coding valid for SW2. Note: Output voltages of 0.6 V and below are not supported.

PF0200

Analog Integrated Circuit Device Data
44 Freescale Semiconductor



Functional Block Requirements and Behaviors

Table 48. SW2 Output Voltage Configuration

Power Generation

Low Output Voltage Range(4") High Output Voltage Range
SW2[6:0] SW2[6:0]
Set Point | SW2STBY[6:0] SW2 Output Set Point SW2STBY[6:0] SW2 Output
SW20FF[6:0] SW20FF[6:0]
0 0000000 0.4000 64 1000000 0.8000
1 0000001 0.4250 65 1000001 0.8500
2 0000010 0.4500 66 1000010 0.9000
3 0000011 0.4750 67 1000011 0.9500
4 0000100 0.5000 68 1000100 1.0000
5 0000101 0.5250 69 1000101 1.0500
6 0000110 0.5500 70 1000110 1.1000
7 0000111 0.5750 71 1000111 1.1500
8 0001000 0.6000 72 1001000 1.2000
9 0001001 0.6250 73 1001001 1.2500
10 0001010 0.6500 74 1001010 1.3000
11 0001011 0.6750 75 1001011 1.3500
12 0001100 0.7000 76 1001100 1.4000
13 0001101 0.7250 77 1001101 1.4500
14 0001110 0.7500 78 1001110 1.5000
15 0001111 0.7750 79 1001111 1.5500
16 0010000 0.8000 80 1010000 1.6000
17 0010001 0.8250 81 1010001 1.6500
18 0010010 0.8500 82 1010010 1.7000
19 0010011 0.8750 83 1010011 1.7500
20 0010100 0.9000 84 1010100 1.8000
21 0010101 0.9250 85 1010101 1.8500
22 0010110 0.9500 86 1010110 1.9000
23 0010111 0.9750 87 1010111 1.9500
24 0011000 1.0000 88 1011000 2.0000
25 0011001 1.0250 89 1011001 2.0500
26 0011010 1.0500 90 1011010 2.1000
27 0011011 1.0750 91 1011011 2.1500
28 0011100 1.1000 92 1011100 2.2000
29 0011101 1.1250 93 1011101 2.2500
30 0011110 1.1500 94 1011110 2.3000
31 0011111 1.1750 95 1011111 2.3500
32 0100000 1.2000 96 1100000 2.4000
33 0100001 1.2250 97 1100001 2.4500
34 0100010 1.2500 98 1100010 2.5000
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Table 48. SW2 Output Voltage Configuration (continued)

Low Output Voltage Range(4!) High Output Voltage Range
SW2[6:0] SW2[6:0]
Set Point | SW2STBY[6:0] SW2 OQutput Set Point SW2STBY[6:0] SW2 Output
SW20FF[6:0] SW20FF[6:0]
35 0100011 1.2750 99 1100011 2.5500
36 0100100 1.3000 100 1100100 2.6000
37 0100101 1.3250 101 1100101 2.6500
38 0100110 1.3500 102 1100110 2.7000
39 0100111 1.3750 103 1100111 2.7500
40 0101000 1.4000 104 1101000 2.8000
41 0101001 1.4250 105 1101001 2.8500
42 0101010 1.4500 106 1101010 2.9000
43 0101011 1.4750 107 1101011 2.9500
44 0101100 1.5000 108 1101100 3.0000
45 0101101 1.5250 109 1101101 3.0500
46 0101110 1.5500 110 1101110 3.1000
47 0101111 1.5750 111 1101111 3.1500
48 0110000 1.6000 112 1110000 3.2000
49 0110001 1.6250 113 1110001 3.2500
50 0110010 1.6500 114 1110010 3.3000
51 0110011 1.6750 115 1110011 Reserved
52 0110100 1.7000 116 1110100 Reserved
53 0110101 1.7250 117 1110101 Reserved
54 0110110 1.7500 118 1110110 Reserved
55 0110111 1.7750 119 1110111 Reserved
56 0111000 1.8000 120 1111000 Reserved
57 0111001 1.8250 121 1111001 Reserved
58 0111010 1.8500 122 1111010 Reserved
59 0111011 1.8750 123 1111011 Reserved
60 0111100 1.9000 124 1111100 Reserved
61 0111101 1.9250 125 1111101 Reserved
62 0111110 1.9500 126 1111110 Reserved
63 0111111 1.9750 127 1111111 Reserved
Notes

41. For voltages less than 2.0 V, only use set points 0 to 63

Setup and control of SW2 is done through I2C registers listed in Table 49, and a detailed description of each one of the registers
is provided in Tables 50 to Table 54.
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Table 49. SW2 Register Summary

Functional Block Requireme

nts and Behaviors
Power Generation

Register Address Description
SW2VOLT 0x35 Output voltage set point on normal operation
SW2STBY 0x36 Output voltage set point on Standby
SW20FF 0x37 Output voltage set point on Sleep
SW2MODE 0x38 Switching Mode selector register
SW2CONF 0x39 DVS, Phase, Frequency, and ILIM configuration

Table 50. Register SW2VOLT - ADDR 0x35

Name Bit # R/W | Default Description
. Sets the SW2 output voltage during normal operation
Sw2 50 RIW 0x00 mode. See Table 48 for all possible configurations.
Sets the operating output voltage range for SW2. Set
SW2 6 R 0x00 | during OTP or TBB configuration only. See Table 48
for all possible configurations.
UNUSED 7 - 0x00 |UNUSED
Table 51. Register SW2STBY - ADDR 0x36
Name Bit # R/W | Default Description
SW2STBY 5:0 RIW 0x00 Sets the SW2 output voltfage durlpg Sta.ndby mode.
See Table 48 for all possible configurations.
Sets the operating output voltage range for SW2 on
Standby mode. This bit inherits the value configured
SW2STBY 6 R 0x00 on bit SW2[6] during OTP or TBB configuration. See
Table 48 for all possible configurations.
UNUSED 7 - 0x00 |UNUSED
Table 52. Register SW20OFF - ADDR 0x37
Name Bit # R/W | Default Description
SW20FF 5:0 RIW 0x00 Sets the SW2 output'voltage c.iurlng. Sleep mode. See
Table 48 for all possible configurations.
Sets the operating output voltage range for SW2 on
Sleep mode. This bit inherits the value configured on
SW20FF 6 R 0x00 bit SW2[6] during OTP or TBB configuration. See
Table 48 for all possible configurations.
UNUSED 7 - 0x00 |UNUSED
Table 53. Register SW2MODE - ADDR 0x38
Name Bit # R/W | Default Description
. Sets the SW2 switching operation mode.
SW2MODE 30 RIW 0x80 See Table 28 for all possible configurations.
UNUSED 4 - 0x00 |UNUSED
Set status of SW2 when in Sleep mode
SW20MODE 5 R/wW 0x00 0=OFF
1=PFM
UNUSED 7:6 - 0x00 |UNUSED
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Table 54. Register SW2CONF - ADDR 0x39

Name Bit # R/W | Default Description
SW2 current limit level selection
SW2ILIM 0 R/W 0x00 0 = High level current limit
1 = Low level current limit
UNUSED 1 R/W 0x00 |Unused
SW2FREQ 32 RIW 0x00 SW2 switching frequency selector.
See Table 36.
. SW2 Phase clock selection.
SW2PHASE 5:4 R/W 0x00 See Table 34.
SW2DVSSPEED 7:6 RW | oxo0 |SW2DVS speed selection.
See Table 33.

SW2 External Components

Table 55. SW2 External Component Recommendations

Components Description Values
Cinsw2*? SW2 Input capacitor 4.7 uF
CINZHF(42) SW2 Decoupling input capacitor 0.1 puF
Coswa‘*? SW2 Output capacitor 2x22 pF

1.0 uH
Lsw2 SW2 Inductor DCR =50 mQ
ISAT =2.65A
Notes
42. Use X5R or X7R capacitors.
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SW2 Specifications

Table 56. SW2 Electrical Characteristics

Functional Block Requirements and Behaviors
Power Generation

All parameters are specified at Consumer Ty = -40 to 85 °C and Extended Industrial Ty =-40 to 105 °C, V| = VINgy2 = 3.6V,

Vaw2 = 3.15V, Igyo = 100 mA, SW2_PWRSTG[2:0] = [111], typical external component values, fg\y2 = 2.0 MHz, unless

otherwise noted. Typical values are characterized at V| = VINgy2 = 3.6 V, Vg2 = 3.15 V, Igyy2 = 100 mA, SW2_PWRSTG[2:0]

=[111], and 25 °C, unless otherwise noted.

Parameter

Symbol

Min

Typ

Max

Unit

SWITCH MODE SUPPLY SW2

Operating Input Voltage*3)

VINgw2

2.8

4.5

Nominal Output Voltage

Vsw2

Table 48

Output Voltage Accuracy

0.625 V < Vg < 0.85 V
0.875 V < Vgyyp < 1.975 V
20V< szz <33V

< PFM, 2.8V <V <45V, 0 <lgy,<50 mA
0.625 V < Vg < 0.675 V
0.7V <Vgyp<0.85V
0.875V < Vgpp < 1.975 V
20V < Vg <33V

- PWM,APS, 28V <V<45V,0<lgy<15A

Vswaacc

-25
-3.0%
-6.0%

-65
-45
-3.0%
-3.0%

25
3.0%
6.0%

65
45
3.0%
3.0%

mV
%

Rated Output Load Current (44)
2.8V <V <45V, 0.625V < Vgyy<3.3V

Isw2

1500

mA

Current Limiter Peak Current Detection
* Current through Inductor

SW2ILIM =0

SW2ILIM =1

IswaLim

2.1
1.57

3.0
2.25

3.9
2.93

Start-up Overshoot
ISW2 =0.0mA
DVS clk =25 mV/4 ps, V| = VINgy2,=4.5V

Vsw20sH

66

mV

Turn-on Time
Enable to 90% of end value
|sw2 = 00 mA
DVS clk = 50 mV/8 ps, V|y = VINgyo = 4.5V

tON SW2

550

us

Switching Frequency
SW2FREQ[1:0] = 00
SW2FREQ[1:0] = 01
SW2FREQ[1:0] = 10

fswe

1.0
2.0
4.0

MHz

Efficiency
. V|N =3.6 V, fswz =2.0 MHZ, stz =1.0 },lH
PFM, 3.15V, 1.0 mA
PFM, 3.15V, 50 mA
APS, PWM, 3.15V, 400 mA
APS, PWM, 3.15V, 600 mA
APS, PWM, 3.15V, 1000 mA
APS, PWM, 3.15V, 1500 mA

Nisw2

94
95
96
94
92
89

%

Output Ripple

AVsw2

10

mV

Line Regulation (APS, PWM)

VswaLiR

20

mV

DC Load Regulation (APS, PWM)

VswaLor

20

mV
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Table 56. SW2 Electrical Characteristics (continued)

All parameters are specified at Consumer Tp = -40 to 85 °C and Extended Industrial Ty = -40 to 105 °C, V| = VINgy2 = 3.6 V,
Vawe =3.15V, Igywp = 100 mA, SW2_PWRSTGJ[2:0] = [111], typical external component values, fgy, = 2.0 MHz, unless
otherwise noted. Typical values are characterized at V| = VINgy2 = 3.6 V, Vg2 =3.15 V, Igy2 = 100 mA, SW2_PWRSTG[2:0]
=[111], and 25 °C, unless otherwise noted.

Parameter Symbol Min Typ Max Unit
Transient Load Regulation
» Transient load = 0.0 mA to 1.0 A, di/dt = 100 mA/us Vv mv
Overshoot SW2LOTR - - 50
Undershoot - - 50
SWITCH MODE SUPPLY SW2 (CONTINUED)
Quiescent Current
PFM Mode | - 23 - A
APS Mode (Low output voltage settings) sw2Q - 145 - M
APS Mode (High output voltage settings) - 305 -
SW2 P-MOSFET R
at Vi, = Vg Ez’sg'; y RoNswa2p - 190 209 mQ
SW2 N-MOSFET R,
at Vi = VINgy 2330_§ v RoNSW2N - 212 255 mQ
SW2 P-MOSFET Leakage Current | _ _ 12 A
Vin = VINgy2 = 4.5V Sw2PQ H
SW2 N-MOSFET Leakage Current | _ _ 4.0 A
Vin = VINgpz = 4.5V swanQ ' H
Discharge Resistance Rsw2pis - 600 - Q

Notes
43. When output is set to > 2.6 V the output will follow the input down when V| gets near 2.8 V.

44. The higher output voltages available depend on the voltage drop in the conduction path as given by the following equation:
(VINsw2 - Vswz) = Isw2* (DCR of Inductor +Rgonsw2p + PCB trace resistance).

100

90 L—"" ™S

80

70 -
60 -
50 -
40 -

Efficiency (%)

30 4 «==PFM-Vout = 3.15V

20 - APS - Vout = 3.15V
101 ——PWM-Vout = 3.15V
0 T T T T

0.1 1 10 100 1000

Load Current (mA)

Figure 14. SW2 Efficiency Waveforms
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6.445 SW3A/B

SW3A/B are 1.25 to 2.5 A rated buck regulators, depending on the configuration. Table 28 describes the available switching
modes and Table 29 show the actual configuration options for the SW3xMODE[3:0] bits.

SW3A/B can be configured in various phasing schemes, depending on the desired cost/performance trade-offs. The following
configurations are available:

* Asingle phase

* Independent regulators
The desired configuration is programmed in OTP by using the SW3_CONFIG[1:0] bits.Table 57 shows the options for the
SW3CFG[1:0] bits.

Table 57. SW3 Configuration

SW3_CONFIG[1:0] Description
00 A/B Single Phase
01 A/B Single Phase
10 Reserved
11 A/B Independent
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SW3A/B Single Phase

In this configuration, SW3ALX and SW3BLX are connected in single phase with a single inductor a shown in Figure 15. This
configuration reduces cost and component count. Feedback is taken from the SW3AFB pin and the SW3BFB pin must be left
open. Although control is from SW3A, registers of both regulators, SW3A and SW3B, must be identically set.

=
=z

SW3AIN J\ . SW3AMODE

o <|>+ Controll

SW3 ontroller

«T SWSALX H Driver
Coswan <+ SW3AFAULT

Internal 12C

Compensation
ot

\r DAC
VIN /$ ¥

T SW3BIN - > SW3BMODE
in >

ICwswsB ) <|><7
- ‘*‘ Controller
SWSBLX ;{ Driver
EP s SW3BFAULT

- ¢ 12C
Internal L

Compensation
SW3BFB E OAC

Figure 15. SW3A/B Single Phase Block Diagram
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SW3A - SW3B Independent Outputs

SW3A and SW3B can be configured as independent outputs as shown in Figure 16, providing flexibility for applications requiring
more voltage rails with less current capability. Each output is configured and controlled independently by its respective 12c
registers as shown in Table 59.

s
P4

SW3AIN J\ _

| <i}7<7
4*‘ Controller

SW3A
kj L  SWSALX H Driver
SW3A L
ICOSW < SW3AFAULT

SW3AMODE

A

Cinswaa

i
.

Internal 12C
Compensation L
SWIAFB_ - H
{t— Vger
» — Dpac
|
VIN 12C
=
T SW3BIN )_, - < SW3BMODE Interface
» |
CINSWBBL SENSE
I < <|>+ Controll
SW3B ontroller
-~ SWSBLX ;{ Driver
< SW3BFAULT

Internal 12C

Compensation
SW3BFB H
’7 DAC

Figure 16. SW3A/B Independent Output Block Diagram

r4— Vger

SW3A/B Setup and Control Registers

SW3A/B output voltage is programmable from 0.400 to 3.300 V; however, bit SW3x[6] in register SW3xVOLT is read-only during
normal operation. Its value is determined by the default configuration, or may be changed by using the OTP registers. Therefore,
once SW3x[6] is set to “0”, the output will be limited to the lower output voltages from 0.40 to 1.975 V with 25 mV increments, as
determined by bits SW3x[5:0]. Likewise, once bit SW3x[6] is set to "1", the output voltage will be limited to the higher output
voltage range from 0.800 to 3.300 V with 50 mV increments, as determined by bits SW3x[5:0].

In order to optimize the performance of the regulator, it is recommended that only voltages from 2.00 to 3.300 V be used in the
high range and that that the lower range be used for voltages from 0.400 to 1.975 V.

The output voltage set point is independently programmed for Normal, Standby, and Sleep mode by setting the SW3x[5:0],
SW3xSTBY[5:0], and SW3xOFF[5:0] bits respectively; however, the initial state of the SW3x[6] bit will be copied into the
SW3xSTBY[6] and SW3xOFF[6] bits. Therefore, the output voltage range will remain the same on all three operating modes.
Table 58 shows the output voltage coding valid for SW3x. Note: Output voltages of 0.6 V and below are not supported.

PF0200

Analog Integrated Circuit Device Data
Freescale Semiconductor 53



Functional Block Requirements and Behaviors

Power Generation

PF0200

Table 58. SW3A/B Output Voltage Configuration

Low Output Voltage Range4%) High Output Voltage Range
SW3x[6:0] SW3x[6:0]
Set Point SW3xSTBY[6:0] SW3x Output Set Point SW3xSTBY[6:0] SW3xOutput
SW3xOFF[6:0] SW3xOFF[6:0]
0 0000000 0.4000 64 1000000 0.8000
1 0000001 0.4250 65 1000001 0.8500
2 0000010 0.4500 66 1000010 0.9000
3 0000011 0.4750 67 1000011 0.9500
4 0000100 0.5000 68 1000100 1.0000
5 0000101 0.5250 69 1000101 1.0500
6 0000110 0.5500 70 1000110 1.1000
7 0000111 0.5750 71 1000111 1.1500
8 0001000 0.6000 72 1001000 1.2000
9 0001001 0.6250 73 1001001 1.2500
10 0001010 0.6500 74 1001010 1.3000
11 0001011 0.6750 75 1001011 1.3500
12 0001100 0.7000 76 1001100 1.4000
13 0001101 0.7250 77 1001101 1.4500
14 0001110 0.7500 78 1001110 1.5000
15 0001111 0.7750 79 1001111 1.5500
16 0010000 0.8000 80 1010000 1.6000
17 0010001 0.8250 81 1010001 1.6500
18 0010010 0.8500 82 1010010 1.7000
19 0010011 0.8750 83 1010011 1.7500
20 0010100 0.9000 84 1010100 1.8000
21 0010101 0.9250 85 1010101 1.8500
22 0010110 0.9500 86 1010110 1.9000
23 0010111 0.9750 87 1010111 1.9500
24 0011000 1.0000 88 1011000 2.0000
25 0011001 1.0250 89 1011001 2.0500
26 0011010 1.0500 90 1011010 2.1000
27 0011011 1.0750 91 1011011 2.1500
28 0011100 1.1000 92 1011100 2.2000
29 0011101 1.1250 93 1011101 2.2500
30 0011110 1.1500 94 1011110 2.3000
31 0011111 1.1750 95 1011111 2.3500
32 0100000 1.2000 96 1100000 2.4000
33 0100001 1.2250 97 1100001 2.4500
34 0100010 1.2500 98 1100010 2.5000
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Functional Block Requirements and Behaviors
Power Generation

Low Output Voltage Range(4%) High Output Voltage Range
SW3x[6:0] SW3x[6:0]
Set Point SW3xSTBY[6:0] SW3x Output Set Point SW3xSTBY[6:0] SW3xOutput
SW3xOFF[6:0] SW3xOFF[6:0]
35 0100011 1.2750 99 1100011 2.5500
36 0100100 1.3000 100 1100100 2.6000
37 0100101 1.3250 101 1100101 2.6500
38 0100110 1.3500 102 1100110 2.7000
39 0100111 1.3750 103 1100111 2.7500
40 0101000 1.4000 104 1101000 2.8000
41 0101001 1.4250 105 1101001 2.8500
42 0101010 1.4500 106 1101010 2.9000
43 0101011 1.4750 107 1101011 2.9500
44 0101100 1.5000 108 1101100 3.0000
45 0101101 1.5250 109 1101101 3.0500
46 0101110 1.5500 110 1101110 3.1000
47 0101111 1.5750 111 1101111 3.1500
48 0110000 1.6000 112 1110000 3.2000
49 0110001 1.6250 113 1110001 3.2500
50 0110010 1.6500 114 1110010 3.3000
51 0110011 1.6750 115 1110011 Reserved
52 0110100 1.7000 116 1110100 Reserved
53 0110101 1.7250 117 1110101 Reserved
54 0110110 1.7500 118 1110110 Reserved
55 0110111 1.7750 119 1110111 Reserved
56 0111000 1.8000 120 1111000 Reserved
57 0111001 1.8250 121 1111001 Reserved
58 0111010 1.8500 122 1111010 Reserved
59 0111011 1.8750 123 1111011 Reserved
60 0111100 1.9000 124 1111100 Reserved
61 0111101 1.9250 125 1111101 Reserved
62 0111110 1.9500 126 1111110 Reserved
63 0111111 1.9750 127 1111111 Reserved
Notes

45. For voltages less than 2.0 V, only use set points 0 to 63.
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Table 59 provides a list of registers used to configure and operate SW3A/B. A detailed description on each of these register is
provided on Tables 60 through Table 69.

Table 59. SW3AB Register Summary

Register Address Output
SW3AVOLT 0x3C SW3A Output voltage set point on normal operation
SW3ASTBY 0x3D SW3A Output voltage set point on Standby
SW3AOFF O0x3E SW3A Output voltage set point on Sleep
SW3AMODE 0x3F SW3A Switching mode selector register
SW3ACONF 0x40 SW3A DVS, phase, frequency and ILIM configuration
SW3BVOLT 0x43 SW3B Output voltage set point on normal operation
SW3BSTBY 0x44 SW3B Output voltage set point on Standby
SW3BOFF 0x45 SW3B Output voltage set point on Sleep
SW3BMODE 0x46 SW3B Switching mode selector register
SW3BCONF 0x47 SW3B DVS, phase, frequency and ILIM configuration

Table 60. Register SW3AVOLT - ADDR 0x3C

Name Bit # R/W | Default Description

Sets the SW3A output voltage (Independent) or
SW3A/B output voltage (Single phase), during
normal operation mode. See Table 58 for all
possible configurations.

SW3A 5:0 R/wW 0x00

Sets the operating output voltage range for SW3A
(Independent) or SW3A/B (Single phase). Set
during OTP or TBB configuration only. See
Table 58 for all possible configurations.

UNUSED 7 - 0x00 |UNUSED

SW3A 6 R 0x00

Table 61. Register SW3ASTBY - ADDR 0x3D

Name Bit # R/W | Default Description

Sets the SW3A output voltage (Independent) or
SW3A/B output voltage (Single phase), during
Standby mode. See Table 58 for all possible
configurations.

SW3ASTBY 5:0 R/W 0x00

Sets the operating output voltage range for SW3A
(Independent) or SW3A/B (Single phase) on
Standby mode. This bit inherits the value
configured on bit SW3A[6] during OTP or TBB
configuration. See Table 58 for all possible
configurations.

UNUSED 7 - 0x00 |UNUSED

SW3ASTBY 6 R 0x00
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Table 62. Register SW3AOFF - ADDR 0x3E

Name Bit # R/W | Default Description

Sets the SW3A output voltage (Independent) or
SW3A/B output voltage (Single phase), during
Sleep mode. See Table 58 for all possible
configurations.

SW3AOFF 5:0 R/W 0x00

Sets the operating output voltage range for SW3A
(Independent) or SW3A/B (Single phase) on
SW3AOFF 6 R 0x00 | Sleep mode. This bit inherits the value configured
on bit SW3A[6] during OTP or TBB configuration.
See Table 58 for all possible configurations.

UNUSED 7 - 0x00 |UNUSED

Table 63. Register SW3AMODE - ADDR 0x3F

Name Bit # R/W | Default Description
Sets the SW3A (Independent) or SW3A/B (Single
SW3AMODE 3:0 R/W 0x80 | phase) switching operation mode.
See Table 28 for all possible configurations.
UNUSED 4 - 0x00 |UNUSED

Set status of SW3A (Independent) or SW3A/B
(Single phase) when in Sleep mode.

SW3AOMODE 5 R/wW 0x00 0 = OFF
1=PFM
UNUSED 7:6 - 0x00 |UNUSED
Table 64. Register SW3ACONF - ADDR 0x40
Name Bit # R/W | Default Description

SW3A current limit level selection
SW3AILIM 0 R/W 0x00 0 = High level current limit
1 = Low level current limit

UNUSED 1 R/W 0x00 |Unused
SW3AFREQ 3 RIW 0x00 SW3A switching frequency selector. See
Table 36.
SW3APHASE 5:4 R/W 0x00 | SW3A Phase clock selection. See Table 34.
SW3ADVSSPEED 7:6 R/W 0x00 |SWB3A DVS speed selection. See Table 33.
Table 65. Register SW3BVOLT - ADDR 0x43
Name Bit # R/W | Default Description

Sets the SW3B output voltage (Independent)
SW3B 5:0 R/W 0x00 |during normal operation mode. See Table 58 for
all possible configurations.

Sets the operating output voltage range for SW3B
(Independent). Set during OTP or TBB

SW3B 6 R 0x00 configuration only. See Table 58 for all possible
configurations.
UNUSED 7 - 0x00 |UNUSED
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Table 66. Register SW3BSTBY - ADDR 0x44

Name Bit # R/W | Default Description

Sets the SW3B output voltage (Independent)
SW3BSTBY 5:0 R/W 0x00 |during Standby mode. See Table 58 for all
possible configurations.

Sets the operating output voltage range for SW3B
(Independent) on Standby mode. This bit inherits
SW3BSTBY 6 R 0x00 |the value configured on bit SW3BJ[6] during OTP
or TBB configuration. See Table 58 for all
possible configurations.

UNUSED 7 - 0x00 |UNUSED

Table 67. Register SW3BOFF - ADDR 0x45

Name Bit # R/W | Default Description
Sets the SW3B output voltage (Independent)
SW3BOFF 5:0 R/W 0x00 |during Sleep mode. See Table 58 for all possible
configurations.

Sets the operating output voltage range for SW3B
(Independent) on Sleep mode. This bit inherits
SW3BOFF 6 R 0x00 |the value configured on bit SW3B[6] during OTP
or TBB configuration. See Table 58 for all
possible configurations.

UNUSED 7 - 0x00 |UNUSED

Table 68. Register SW3BMODE - ADDR 0x46

Name Bit # R/W | Default Description
Sets the SW3B (Independent) switching
SW3BMODE 3.0 R/W 0x80 |operation mode. See Table 28 for all possible
configurations.
UNUSED 4 - 0x00 |UNUSED
Set status of SW3B (Independent) when in Sleep
mode.
SW3BOMODE 5 R/W 0x00 0 = OFF
1=PFM
UNUSED 7:6 - 0x00 |UNUSED
Table 69. Register SW3BCONF - ADDR 0x47
Name Bit # R/W | Default Description
SW3B current limit level selection
SW3BILIM 0 R/W 0x00 0 = High level Current limit
1 = Low level Current limit
UNUSED 1 R/W 0x00 |Unused
SW3BFREQ 3:2 RwW 0x00 | SW3B switching frequency selector. See Table 36.
SW3BPHASE 5:4 R/W 0x00 |SW3B Phase clock selection. See Table 34.
SW3BDVSSPEED 7:6 R/W 0x00 |SW3B DVS speed selection. See Table 33.
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Table 70. SW3A/B External Component Requirements

Functional Block Requirements and Behaviors
Power Generation

46. Use X5R or X7R capacitors.

Mode
Components Description SW3A/B Single SW3A Independent
P P Phase SW3B Independent
Cinsw3a®® | SW3A Input capacitor 47 uF 47 uF
C|N3AHF(46) SW3A Decoupling input capacitor 0.1 puF 0.1 puF
Cinsw3s™®® | SW3B Input capacitor 47 uF 47 uF
Cinzere® SW3B Decoupling input capacitor 0.1 puF 0.1 uF
Cosw3a®® | SW3A Output capacitor 4x22 F 2x22 uF
Coswas™*® SW3B Output capacitor - 2x22pF
1.0 uH 1.0 uH
Lswaa SWS3A Inductor DCR =50 mQ DCR =60 mQ
ISAT=3'9A ISAT=3'0A
1.0 uH
Lswss SW3B Inductor - DCR =60 mQ
ISAT =3.0A
Notes

SW3A/B Specifications

Table 71. SW3A/B Electrical Characteristics

All parameters are specified at Consumer Tp = -40 to 85 °C and Extended Industrial T = -40 to 105 °C, V|y = VINgw3x = 3.6 V,
Vawax = 1.5V, Iswax = 100 mA, SW3x_PWRSTG[2:0] = [111], typical external component values, fgysx = 2.0 MHz, single phase
and independent mode unless, otherwise noted. Typical values are characterized at V|y = VINgw3x = 3.6 V, Vgyw3zx = 1.5 V, Iswax
=100 mA, SW3x_PWRSTG[2:0] = [111], and 25 °C, unless otherwise noted.

Parameter Symbol Min Typ Max ‘ Unit ‘
SWITCH MODE SUPPLY SW3A/B
Operating Input Voltage(*”) VINgw3x 2.8 - 45 v
Nominal Output Voltage Vswax - Table 58 - \%
Output Voltage Accuracy
« PWM, APS 2.8V <V|y<4.5V,0 <lgysy < ISW3xyax
0.625V < Vg3 <0.85V -25 - 25
0.875V < VSW3X <1.975V -3.0% - 3.0%
2.0V <Vgu3<3.3V -6.0% - 6.0%
mV
Vswaxacc %
+ PFM, steady state (2.8 V <V|y<4.5V, 0 <lgy3zx < 50 mA)
0.625V < Vg3, < 0.675V -65 - 65
0.7V <Vgy3x<0.85V -45 - 45
0.875V < Vg3 < 1.975V -3.0% - 3.0%
2.0V <Vgu3<3.3V -3.0% - 3.0%
Rated Output Load Current (48)
. 2.8V<V|N<4.5 V, 0'625V<VSW3X< 3.3V | mA
PWM, APS mode single phase SWax - - 2500
PWM, APS mode independent (per phase) - - 1250
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Table 71. SW3A/B Electrical Characteristics (continued)

All parameters are specified at Consumer T = -40 to 85 °C and Extended Industrial T = -40 to 105 °C, V|y = VINgw3x = 3.6 V,
Vswax = 1.5V, Iswax = 100 mA, SW3x_PWRSTG[2:0] = [111], typical external component values, fgyy3, = 2.0 MHz, single phase
and independent mode unless, otherwise noted. Typical values are characterized at V |y = VINgw3x = 3.6 V, Vgpwizx = 1.5V, Iswax

=100 mA, SW3x_PWRSTG[2:0] = [111], and 25 °C, unless otherwise noted.

Parameter Symbol Min Typ Max ‘ Unit ‘
SWITCH MODE SUPPLY SW3A/B (CONTINUED)
Current Limiter Peak Current Detection
» Single phase (Current through inductor)
SW3xILIM =0 g? gg gg
SW3XILIM =1 ’ ’ '
Isw3xLim A
* Independent mode (Current through inductor per phase)
SW3xILIM =0
SW3xILIM =1 12 fg gg
Start-up Overshoot
Iswax = 0.0 mA VswaxosH - - 66 mV
DVS clk =25 mV/4 ps, V|y = VINgy3x = 4.5V
Turn-on Time
Enable to 90% of end value
|SW3X =0mA tONSW3x - - 500 us
DVS clk = 25 mV/4 ps, V| = VINgw3x = 4.5V
Switching Frequency
SW3xFREQ[1:0] = 00 . - 1.0 - MHz
SW3xFREQ[1:0] = 01 SWax - 2.0 -
SW3xFREQ[1:0] = 10 - 4.0 -
Efficiency (Single Phase)
. fsw3 =20 MHZ, LSW3X 1.0 ],J.H
PFM, 1.5V, 1.0 mA - 84 -
PFM, 1.5V, 50 mA - 85 - %
APS, PWM 1.5V, 500 mA TISW3AB - 85 -
APS, PWM 1.5V, 750 mA - 84 -
APS, PWM 1.5V, 1250 mA - 80 -
APS, PWM 1.5V, 2500 mA - 74 -
Output Ripple AVgwax - 10 - mV
Line Regulation (APS, PWM) VswaxLIR - - 20 mV
DC Load Regulation (APS, PWM) VswixLOR - - 20 mV
Transient Load Regulation
» Transient Load = 0.0 mA to Igy3y/2, di/dt = 100 mA/us Y iy
Overshoot SW3xLOTR - - 50
Undershoot - - 50
Quiescent Current
PFM Mode (Single Phase) - 22 -
APS Mode (Single Phase) | - 300 - A
PFM Mode (Independent mode) SW3xQ - 50 - M
APS Mode (SW3A Independent mode) - 250 -
APS Mode (SW3B Independent mode) - 150 -
SW3A P-MOSFET Rpgon R 3 mo
at Viy = VINgw3a = 3.3V ONSW3AP 215 245
SW3A N-MOSFET Rpson R 3 mo
atViy = VINgysa = 3.3V ONSW3AN 258 326
SW3A P-MOSFET Leakage Current | _ _ 75 A
Vin = VINgwaa = 4.5 V SW3APQ H
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Table 71. SW3A/B Electrical Characteristics (continued)

All parameters are specified at Consumer T = -40 to 85 °C and Extended Industrial T = -40 to 105 °C, V|y = VINgw3x = 3.6 V,
Vawax = 1.5V, Iswax = 100 mA, SW3x_PWRSTG[2:0] = [111], typical external component values, fgysx = 2.0 MHz, single phase
and independent mode unless, otherwise noted. Typical values are characterized at V |y = VINgw3x = 3.6 V, Vgpwizx = 1.5V, Iswax
=100 mA, SW3x_PWRSTG[2:0] = [111], and 25 °C, unless otherwise noted.

Parameter Symbol Min Typ Max ‘ Unit ‘
SWITCH MODE SUPPLY SW3A/B (CONTINUED)
SW3A N-MOSFET Leakage Current | _ _ 25 A
Vin = VINgpyaa = 4.5V SW3ANG ' H
SW3B P-MOSFET Rpson) R ~ o
atViy = VINgwsg = 3.3V ONSW3BP 215 245
SW3B N-MOSFET Rps(on) R ~ o
atViy = VINgy3g = 3.3V ONSWS3BN 258 326
SW3B P-MOSFET Leakage Current | _ _ 75 A
V|N = VINSW3B =45V SW3BPQ . M
SW3B N-MOSFET Leakage Current | _ _ 25 A
V|N = VINSW3B =45V SW3BPQ M
Discharge Resistance Rswaxpis - 600 - Q
Notes

47. When output is set to > 2.6 V the output will follow the input down when V| gets near 2.8 V.

48. The higher output voltages available depend on the voltage drop in the conduction path as given by the following equation:
(VINswax - Vswax) = Iswax” (DCR of Inductor +Ronswaxp + PCB trace resistance).

100
90
0 P HIING
. 70 -
X
= 60 -
o
8 50
]
540 A
30 ~——PFM-Vout = 1.5V
20 APS-Vout = 1.5V
10 7 —PWM-Vout = 1.5V
0
0.1 1 10 100 1000
Load Current (mA)

Figure 17. SW3AB Single Phase Efficiency Waveforms
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6.4.5 Boost Regulator

SWBST is a boost regulator with a programmable output from 5.0 to 5.15 V. SWBST can supply the VUSB regulator for the USB
PHY in OTG mode, as well as the VBUS voltage. Note that the parasitic leakage path for a boost regulator will cause the
SWBSTOUT and SWBSTFB voltage to be a Schottky drop below the input voltage whenever SWBST is disabled. The switching
NMGQOS transistor is integrated on-chip. Figure 18 shows the block diagram and component connection for the boost regulator.

VIN

Cingst Lesr

SWBSTIN J\

SWBSTLX

EP

SWBSTFB-~

COSWBSTif

6.4.5.1

Driver

A

AN

Rsense

VREFSC

VReruv

oc |

SC

Internal
Compensation

-« SWBSTMODE

SWBSTFAULT, | |2
Interface

Controller

Figure 18. Boost Regulator Architecture

SWBST Setup and Control
Boost regulator control is done through a single register SWBSTCTL described in Table 72. SWBST is included in the power-up

sequence if its OTP power-up timing bits, SWBST_SEQI4:0], are not all zeros.

Table 72. Register SWBSTCTL - ADDR 0x66

Name

Bit #

R/IW

Default

Description

SWBST1VOLT

1:0

R/W

0x00

Set the output voltage for SWBST

00 =5.000 V
01=5.050V
10=5.100V
11=5.150V

SWBST1MODE

3:2

0x02

Set the Switching mode on Normal operation

00 = OFF
01 =PFM
10 = Auto (Default)4?)
11=APS

UNUSED

0x00

UNUSED

SWBST1STBYMODE

6:5

R/W

0x02

Set the Switching mode on Standby

00 = OFF
01 =PFM
10 = Auto (Default)4?)
11 = APS
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Table 72. Register SWBSTCTL - ADDR 0x66 (continued)

Name Bit # R/W Default Description

UNUSED 7 - 0x00 UNUSED

Notes

49. In Auto mode, the controller automatically switches between PFM and APS modes depending on the load current.
The SWBST regulator starts up by default in the Auto mode, if SWBST is part of the startup sequence.

6.4.5.2 SWBST External Components

Table 73. SWBST External Component Requirements

Components Description Values
Cingst? SWBST input capacitor 10 uF
CingsThe?? SWBST decoupling input capacitor 0.1 uF
Copst™ SWBST output capacitor 2x22 uF
LsgsT SWBST inductor 2.2 puH
DgsT SWBST boost diode 1.0 A, 20 V Schottky
Notes

50. Use X5R or X7R capacitors.

6.4.5.3 SWBST Specifications

Table 74. SWBST Electrical Specifications

All parameters are specified at Consumer Tp, = -40 to 85 °C and Extended Industrial Ty =-40to 105 °C, V|y = VINgywgsT = 3.6 V,
VswasT = 5.0V, IswesT = 100 mA, typical external component values, fgywgsT = 2.0 MHz, otherwise noted. Typical values are
characterized at V |y = VINgwgsT = 3.6 V, Vgwgst = 5.0 V, Iswest = 100 mA, and 25 °C, unless otherwise noted.

Parameters Symbol Min Typ Max ‘ Units ‘

SWITCH MODE SUPPLY SWBST

Input Voltage Range VINswasT 2.8 - 4.5 \
Nominal Output Voltage VswasT - Table 72 - \%
Output Voltage Accuracy

28V<V|<45V VswBsTACC -4.0 - 3.0 %

Output Ripple

28V<Vy<45V AV ~ ~ 120 mv
0 < IgwasT < ISWBSTax. excluding reverse recovery of SWBST Vp-p
Schottky diode

DC Load Regulation v _ 05 _ mV/
0 < IgwasT < ISWBSTyax SWBSTLOR : mA

DC Line Regulation
2.8V < V<45V, lgypst = ISWBSTyax VswesTLR - 50 - mv

Continuous Load Current
28V< V|N <3.0V ISWBST - - 500 mA
3.0V<Vy<45V - - 600

Quiescent Current
AUTO ISWBSTQ - 222 289 ]J.A

MOSFET on Resistance RpsonBsT - 206 306 mQ

Peak Current Limit 1) |SWBSTLIM 1400 2200 3200 mA
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Table 74. SWBST Electrical Specifications (continued)

All parameters are specified at Consumer Tp, = -40 to 85 °C and Extended Industrial Ty =-40to 105 °C, V|y = VINgygsT = 3.6 V,
VswesT = 5.0V, IswesT = 100 mA, typical external component values, fg\wgsT = 2.0 MHz, otherwise noted. Typical values are
characterized at V| = VINgwgsT = 3.6 V, VgwesT = 5.0 V, Isywgst = 100 mA, and 25 °C, unless otherwise noted.

Parameters Symbol Min Typ Max Units

Start-up Overshoot

ISWBST =0.0 mA VswBsTOSH - - 500 mV

Transient Load Response
IswgsT from 1.0 to 100 mA in 1.0 ps VswBsTTR - - 300 mV
Maximum transient Amplitude

Transient Load Response
ISWBST from 100 to 1.0 mAin 1.0 us VSWBSTTR - - 300 mV
Maximum transient Amplitude

SWITCH MODE SUPPLY SWBST (CONTINUED)

Transient Load Response
ISWBST from 1.0 to 100 mA in 1.0 us tSWBSTTR - - 500 us
Time to settle 80% of transient

Transient Load Response
ISWBST from 100 to 1.0 mA in 1.0 us tSWBSTTR - - 20 ms
Time to settle 80% of transient

NMOS Off Leakage

SWBSTIN = 4.5 V, SWBSTMODE [1:0] = 00 lswesTHsQ - 1.0 5.0 WA
Turn-on Time
Enable to 90% of VSWBST, ISWBST =0.0mA tONSWBST - - 20 ms
Switching Frequency fswasT - 2.0 - MHz
Efficienc
y NswasT - 86 - %

ISWBST = ISWBSTMAX

Notes
51.  Only in Auto mode.
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6.4.6 LDO Regulators Description

This section describes the LDO regulators provided by the PF0200. All regulators use the main bandgap as reference. Refer to
Bias and References Block Description section for further information on the internal reference voltages.

A Low Power mode is automatically activated by reducing bias currents when the load current is less than |_Lmax/5. However,
the lowest bias currents may be attained by forcing the part into its Low Power mode by setting the VGENXLPWR bit. The use
of this bit is only recommended when the load is expected to be less than |_Lmax/50, otherwise performance may be degraded.

When a regulator is disabled, the output will be discharged by an internal pull-down. The pull-down is also activated when
RESETBMCU is low.

VINX

—_—— e — ——
VINX VRrer

| L | VGENXEN

| | VGENXLPWR
VGENX VGENx |

o - »
| I’c
| Interface

CGEN>< |

I : % L. VGENX

Ly
r
% Discharge

Figure 19. General LDO Block Diagram
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6.4.6.1 Transient Response Waveforms

Idealized stimulus and response waveforms for transient line and transient load tests are depicted in Figure 20. Note that the
transient line and load response refers to the overshoot, or undershoot only, excluding the DC shift.

Imax / /

ILOAD

Imax/10 —
1.0 us 1.0 us
Transient Load Stimulus
I = |MAx/10 IL = Imax
Overshoot
Vour
/
Undershoot / /
Vour Transient Load Response
VIN)(_INITIAL — —
VINx
VinNx_FINAL // //
10 us 10 us
Transient Line Stimulus
VINx_FINAL
Vinx_INITIAL Overshoot
Vourt
//
Undershoot 4
Vour Transient Line Response
Figure 20. Transient Waveforms
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6.4.6.2 Short-circuit Protection

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

The SCP feature is enabled by setting the REGSCPEN bit. If this bit is not set, the regulators will not automatically be disabled
upon a short-circuit detection. However, the current limiter will continue to limit the output current of the regulator. By default, the
REGSCPEN is not set; therefore, at start-up none of the regulators will be disabled if an overloaded condition occurs. A fault
interrupt, VGENXFAULT], will be generated in an overload condition regardless of the state of the REGSCPEN bit. See Table 75
for SCP behavior configuration.

Table 75. Short-circuit Behavior

REGSCPEN[0] Short-circuit Behavior
0 Current limit
1 Shutdown

6.4.6.3 LDO Regulator Control

Each LDO is fully controlled through its respective VGENXCTL register. This register enables the user to set the LDO output
voltage according to Table 76 for VGEN1 and VGEN2; and uses the voltage set point on Table 77 for VGENS3 through VGENG.

Table 76. VGEN1, VGEN2 Output Voltage Configuration

Set Point VGENXx[3:0] VGENXx Output (V)
0 0000 0.800
1 0001 0.850
2 0010 0.900
3 0011 0.950
4 0100 1.000
5 0101 1.050
6 0110 1.100
7 0111 1.150
8 1000 1.200
9 1001 1.250
10 1010 1.300
11 1011 1.350
12 1100 1.400
13 1101 1.450
14 1110 1.500
15 1111 1.550
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Table 77. VGEN3/ 4/ 5/ 6 Output Voltage Configuration

Set Point VGENXx[3:0] VGENXx Output (V)
0 0000 1.80
1 0001 1.90
2 0010 2.00
3 0011 2.10
4 0100 2.20
5 0101 2.30
6 0110 2.40
7 0111 2.50
8 1000 2.60
9 1001 2.70
10 1010 2.80
11 1011 2.90
12 1100 3.00
13 1101 3.10
14 1110 3.20
15 1111 3.30

Besides the output voltage configuration, the LDOs can be enabled or disabled at anytime during normal mode operation, as well
as programmed to stay “ON” or be disabled when the PMIC enters Standby mode. Each regulator has associated 12C bits for
this. Table 78 presents a summary of all valid combinations of the control bits on VGENXCTL register and the expected behavior
of the LDO output.

Table 78. LDO Control

VGENXEN VGENXLPWR | VGENxSTBY |STANDBY(*?)| VGENxOUT
0 X X X Off
1 0 0 X On
1 1 0 X Low Power
1 X 1 0 On
1 0 1 1 Off
1 1 1 1 Low Power

Notes
52. STANDBY refers to a Standby event as described earlier.
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For more detail information, Table 79 through Table 84 provide a description of all registers necessary to operate all six general
purpose LDO regulators.

Table 79. Register VGEN1CTL - ADDR 0x6C

Name Bit # R/W | Default Description

Sets VGEN1 output voltage.
See Table 76 for all possible configurations.

Enables or Disables VGEN1 output

VGENT1 3:0 R/W 0x80

VGEN1EN 4 - 0x00 0 = OFF
1=0N
VGEN1STBY 5 RIW 0x00 Set VGEN1 output state when in Standby. Refer
to Table 78.
VGEN1LPWR 6 RIW 0x00 Enable Low Power mode for VGEN1. Refer to
Table 78.
UNUSED 7 - 0x00 |UNUSED

Table 80. Register VGEN2CTL - ADDR 0x6D

Name Bit # R/W | Default Description

Sets VGEN2 output voltage.

VGEN2 30 RIW 0x80 See Table 76 for all possible configurations.

Enables or Disables VGEN2 output

VGEN2EN 4 - 0x00 0=OFF
1=0N
VGEN2STBY 5 RIW 0x00 Set VGEN2 output state when in Standby. Refer
to Table 78.
VGEN2LPWR 6 RIW 0x00 Enable Low Power Mode for VGEN2. Refer to
Table 78.
UNUSED 7 - 0x00 |UNUSED
Table 81. Register VGEN3CTL - ADDR 0x6E
Name Bit # R/W | Default Description
. Sets VGENS output voltage.
VGENS 30 RIW 0x80 See Table 77 for all possible configurations.
Enables or Disables VGEN3 output
VGEN3EN 4 - 0x00 0=OFF
1=0N
VGEN3STBY 5 RIW 0x00 Set VGENS output state when in Standby. Refer
to Table 78.
VGEN3LPWR 6 RIW 0x00 Enable Low Power mode for VGEN3. Refer to
Table 78.
UNUSED 7 - 0x00 |UNUSED
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Table 82. Register VGEN4CTL - ADDR 0x6F

Name Bit # R/W | Default Description
. Sets VGEN4 output voltage.
VGEN4 30 RIW 0x80 See Table 77 for all possible configurations.
Enables or Disables VGEN4 output
VGEN4EN 4 - 0x00 0= OFF
1=0N
VGEN4STBY 5 RIW 0x00 Set VGEN4 output state when in Standby. Refer
to Table 78.
VGENALPWR 6 RIW 0x00 Enable Low Power mode for VGEN4. Refer to
Table 78.
UNUSED 7 - 0x00 |UNUSED
Table 83. Register VGEN5CTL - ADDR 0x70
Name Bit # R/W | Default Description

Sets VGENS5 output voltage.

VGENS 30 RIW 0x80 See Table 77 for all possible configurations.
Enables or Disables VGENS5 output
VGENS5SEN 4 - 0x00 0= OFF
1=0N
VGEN5STBY 5 RIW 0x00 Set VGENS5 output state when in Standby. Refer
to Table 78.
VGENSLPWR 6 RIW 0x00 Enable Low Power mode for VGENS. Refer to
Table 78.
UNUSED 7 - 0x00 |UNUSED
Table 84. Register VGEN6CTL - ADDR 0x71
Name Bit # R/W | Default Description
. Sets VGENG output voltage.
VGENG 30 RIW 0x80 See Table 77 for all possible configurations.
Enables or Disables VGENG6 output
VGENGEN 4 - 0x00 0=OFF
1=0N
VGENGSTBY 5 RIW 0x00 Set VGENG output state when in Standby. Refer
to Table 78.
VGENGLPWR 6 RIW 0x00 Enable Low Power mode for VGENG. Refer to
Table 78.
UNUSED 7 - 0x00 |UNUSED
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6.4.6.4

Table 85 lists the typical component values for the general purpose LDO regulators.

External Components

Table 85. LDO External Components

Regulator Output Capacitor (uF)(5%)
VGENT1 22
VGEN2 4.7
VGEN3 2.2
VGEN4 4.7
VGEN5 22
VGEN6 2.2
Notes
53. Use X5R/X7R ceramic capacitors.

6.4.6.5
VGEN1

Table 86. VGEN1 Electrical Characteristics

LDO Specifications

All parameters are specified at Consumer T =-40 to 85 °C and Extended Industrial Ty =-40t0 105 °C,V|y =3.6 V, V|4 =3.0V,
Vgen1[3:0]1= 1111, Igen1 = 10 mA, typical external component values, unless otherwise noted. Typical values are characterized
atViy=3.6V, N1 =3.0V, Vgen1[3:0] = 1111, Igent1 = 10 mA, and 25 °C, unless otherwise noted.

Parameter Symbol Min Typ Max Unit
VGEN1
Operating Input Voltage VN1 1.75 - 3.40
Nominal Output Voltage VGEN1NoMm - Table 76 - \%
Operating Load Current lGEN1 0.0 - 100 mA
VGEN1 DC
Output Voltage Tolerance
175V <V|y1 <34V ) 3 o
0.0 MA < Iggnq < 100 mA VeentToL 3.0 3.0 g
VGEN1[3:0] = 0000 to 1111
Load Regulation mv/
(Vaent atlgent = 100 mA) - (Vgen1 at lgens = 0.0 mA) VGEN1LOR - 0.15 - mA
Forany 1.75V <V|y1 <34V
Line Regulation mv/
(Veent at ViNg = 3.4 V) - (Vgen at Vg = 1.75 V) VGENILIR - 0.30 - mA
Forany 0.0 mA <Iggnq < 100 mA
Current Limit
Igen1 When VGENT1 is forced to VGEN1yom/2 lGen1LIM 122 167 200 mA
Overcurrent Protection Threshold
Igent required to cause the SCP function to disable LDO when IcGEN1OCP 115 - 200 mA
REGSCPEN =1
Quiescent Current
No Ioad, Change in |V|N and |V|N1 IGEN1Q - 14 - ]J.A
When VGEN1 enabled
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Table 86. VGEN1 Electrical Characteristics (continued)

All parameters are specified at Consumer T, =-40 to 85 °C and Extended Industrial Tp =-40t0 105 °C, V|y=3.6 V,V|y1 =3.0V,
Veent[3:0]1= 1111, Igen1 = 10 mA, typical external component values, unless otherwise noted. Typical values are characterized
atViy=3.6V, |y1 =3.0V, Vgen1[3:0]= 1111, Igen1 = 10 mA, and 25 °C, unless otherwise noted.

Parameter Symbol Min Typ Max Unit
VGEN1 AC AND TRANSIENT
PSRR(%4)
M IGEN1 =75 mA, 20 Hz to 20 kHz
PSRR: B
VGEN(1[3:0] = 0000 - 1101 SRRveen 50 60 - d
VGEN1[3:0] = 1110, 1111 37 45 -
Output Noise Density
V|N1 =1.75 V, IGEN1 =75 mA dBV/
100 Hz — <1.0 kHz NOISEygen1 - -108 -100 VHz
1.0 kHz — <10 kHz - -118 -108
10 kHz — 1.0 MHz - -124 -112
Turn-on Slew Rate
* 10% to 90% of end value
¢« 1.75V< V|N1 < 34V, IGEN1 =0.0 mA SLWRVGEN1 mV/].LS
VGEN1[3:0] = 0000 to 0111 — - 12.5
VGEN1[3:0] = 1000 to 1111 - - 16.5
Turn-On Time
Enable to 90% of end value, Vyq =1.75V, 3.4V GEN1on 60 - 500 us
IGEN'] =0.0mA
Turn-Off Time
Disable to 10% of initial value, V4 = 1.75V GEN1yorr — - 10 ms
IGEN'] =0.0mA
Start-Up Overshoot o
Vint = 1.75V, 3.4V, Iggns = 0.0 mA GEN1osHT - 1.0 20 %
Transient Load Response
M V|N1 =175 V, 34V
Igent = 10 to 100 mAin 1.0 us. Peak of overshoot or undershoot | VeeN1LOTR - - 3.0 %
of VGEN1 with respect to final value
* Refer to Figure 20
Transient Line Response
. IGEN1 =75 mA
VIN1 INITIAL = 1.75V to VIN1 FINAL = 2.25V for
VGEN1[3:0] = 0000 to 1101 VGENILITR - 5.0 8.0 mV
VIN1 INITIAL = VGEN1+O'3 V to VIN1 FINAL = VGEN1+O'8 V for
VGEN1[3:0] = 1110, 1111
* Refer to Figure 20

Notes

operate in the dropout region of the regulator under test.

54. The PSRR of the regulators is measured with the perturbing signal at the input of the regulator. The power management IC is supplied
separately from the input of the regulator and does not contain the perturbed signal. During measurements, care must be taken not to
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Table 87. VGEN2 Electrical Characteristics

Functional Block Requirements and Behaviors

Power Generation

All parameters are specified at Consumer Ty =-40 to 85 °C and Extended Industrial T =-40t0 105 °C,V|y=3.6 V,V|y1=3.0V,
Vgen2[3:0] = 1111, Igen2 = 10 mA, typical external component values, unless otherwise noted. Typical values are characterized
atV)y=3.6V, V|y1 =3.0V, VGEN2[3:0] = 1111, Igen2 = 10mA and 25°C, unless otherwise noted.

Parameter Symbol Min Typ Max Unit

VGEN2

Operating Input Voltage VN1 1.75 - 3.40 \%

Nominal Output Voltage VGEN2NoMm - Table 76 -

Operating Load Current IGEN2 0.0 - 250 mA

VGEN2 ACTIVE MODE - DC

Output VoltageTolerance
175V <V|y1 <34V } B o
0.0 MA < Igenz < 250 mA VeenzroL 3.0 3.0 %
VGEN2[3:0] = 0000 to 1111

Load Regulation mv/
(Veenz at Igenz = 250 mA) - (Vgen2 at Igenz = 0.0 mA) VGEN2LOR - 0.05 - mA
Forany 1.75V <V|y1 <34V

Line Regulation mv/
(Veenz at ViN1 = 3.4 V) - (Vgenz @t Ving = 1.75 V) VGEN2LIR - 0.50 - mA
For any 0.0 mA < Iggn2 < 250 mA

Current Limit
Icen2 When VGEN2 is forced to VGEN2yowm/2 laEnzLm 305 a7 >10 mA

Over-current Protection Threshold
Igenz required to cause the SCP function to disable LDO when IcGEN20CP 290 - 500 mA
REGSCPEN =1

Quiescent Current
No Ioad, Change in |V|N and |V|N1 IGENZQ - 16 - ]J.A
When VGEN2 enabled

VGEN2 AC AND TRANSIENT

PSRR(5%)

* lgen2 = 187.5 mA, 20 Hz to 20 kHz

PSRR: dB

VGEN2[3:0] = 0000 - 1101 VGEN2 50 60 -
VGENZ2[3:0] = 1110, 1111 37 45 -

Output Noise Density

. V|N'| =175 V, IGENZ =187.5mA dBV/
100 Hz — <1.0 kHz NOISEycen2 - -108 -100 VHz
1.0 kHz — <10 kHz - -118 -108
10 kHz — 1.0 MHz - -124 -112

Turn-On Slew Rate

* 10% to 90% of end value

¢« 1.75V< V|N1 <34 V’ IGEN2 =0.0mA SLWRVGENZ mV/}J.S
VGEN2[3:0] = 0000 to 0111 - - 12.5
VGENZ2[3:0] = 1000 to 1111 - - 16.5

Turn-On Time
Enable to 90% of end value, Vg =1.75V, 34V GEN2,oN 60 - 500 us
IGENZ =0.0mA
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Table 87. VGEN2 Electrical Characteristics (continued)

All parameters are specified at Consumer T, =-40 to 85 °C and Extended Industrial Tp =-40t0 105 °C, V|y=3.6 V, V|1 =3.0V,
Veen2[3:0] = 1111, Igen2 = 10 mA, typical external component values, unless otherwise noted. Typical values are characterized
atViy =3.6V, Vg =3.0V, VGEN2[3:0] = 1111, Igen2 = 10mA and 25°C, unless otherwise noted.

Parameter Symbol Min Typ Max Unit

VGEN2 AC AND TRANSIENT (CONTINUED)

Turn-Off Time
Disable to 10% of initial value, V|\1 =1.75V GEN2iorr - - 10 ms
IGENZ =0.0mA

Start-up Overshoot

—_ 0,
Vint = 175V, 3.4V, Igene = 0.0 mA GEN2osHT 10 2.0 %
Transient Load Response
VN1 =175V, 3.4V
IGENZ =25t0250 mAin 1.0 us v _ _ 3.0 %
Peak of overshoot or undershoot of VGEN2 with respect to final GENZLOTR : °

value
Refer to Figure 20

Transient Line Response
IGEN2 =187.5 mA
VIN1 INITIAL = 1.75V to VIN1 FINAL = 2.25V for
VGEN2[3:0] = 0000 to 1101 VGENLITR - 5.0 8.0 mV
VIN1 INITIAL = VGEN2+O'3 Vto VIN1 FINAL = VGEN2+O'8 V for
VGENZ2[3:0] = 1110, 1111
Refer to Figure 20

Notes
55. The PSRR of the regulators is measured with the perturbing signal at the input of the regulator. The power management IC is supplied
separately from the input of the regulator and does not contain the perturbed signal. During measurements, care must be taken not to
operate in the dropout region of the regulator under test.
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Table 88. VGEN3 Electrical Characteristics

Functional Block Requirements and Behaviors
Power Generation

All parameters are specified at Consumer T =-40 to 85 °C and Extended Industrial Tp =-40to0 105 °C, V|y=3.6 V,Vpp = 3.6 V,
Vgensl3:0] = 1111, Igens = 10 mA, typical external component values, unless otherwise noted. Typical values are characterized
atViy=3.6V, V|y2=38.6V, Vgen3[3:0] = 1111, Igenz = 10 mA, and 25 °C, unless otherwise noted.

Parameter

Symbol

Min

Typ

Max

Unit

VGEN3

Operating Input Voltage
1.8 V<VGEN3\om<25V
2.6 V < VGEN3yoy < 3.3 V(56)

Vin2

2.8
VGEN3youm*
0.250

3.6
3.6

Nominal Output Voltage

VGEN3yowm

Table 77

Operating Load Current

IGEN3

0.0

100

mA

VGEN3 DC

Output Voltage Tolerance
VIN2pin < VN2 < 3.6 V
0.0 mA <lggn3 <100 mA
VGENS3[3:0] = 0000 to 1111

VGEN3TOL

3.0

%

Load Regulation

(Veens at Igenz = 100 mA) - (Vgens at Igens = 0.0 mA)
For any VIN2M|N < V|N2 <36V

VGEN3LOR

0.07

mV/
mA

Line Regulation
(Vaens at Vinz = 3.6 V) - (Vgens at VINZyy )
Forany 0.0 mA < Iggn3 < 100 mA

VGEN3LIR

0.8

mV/
mA

Current Limit
lcenz When VGENS is forced to VGEN3yow/2

IGEN3LIM

127

167

200

mA

Overcurrent Protection Threshold
Igens required to cause the SCP function to disable LDO when
REGSCPEN =1

IcEN3OCP

120

200

mA

Quiescent Current
No load, Change in Iy and lyn2
When VGEN3 enabled

lcEN3Q

13

pA

VGEN3 AC AND TRANSIENT

PSRR®7)

* lgens = 75 MA, 20 Hz to 20 kHz
VGENS[3:0] = 0000 - 1110, Vjno = VINZyn + 100 mV
VGENS3[3:0] = 0000 - 1000, Vnp = VGEN3yoy + 1.0V

PSRRyGeNs

35
55

40
60

dB

Output Noise Density

. V|N2 = V|N2M|N’ IGEN3 =75mA
100 Hz — <1.0 kHz
1.0 kHz — <10 kHz
10 kHz — 1.0 MHz

NOISEygens

114
-129
-135

-102
-123
-130

dBV/
\VHz

Turn-on Slew Rate

* 10% to 90% of end value

. V|N2M|N < V|N2 <3.6 Vq IGEN3 =0.0mA
VGENS3[3:0] = 0000 to 0011
VGEN3[3:0] = 0100 to 0111
VGENS3[3:0] = 1000 to 1011
VGENS3[3:0] = 1100 to 1111

SLWRvyGEN3

22.0
26.5
30.5
34.5

mV/us
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Table 88. VGENS Electrical Characteristics (continued)

All parameters are specified at Consumer T = -40 to 85 °C and Extended Industrial Ty =-40to 105 °C, V| =3.6 V,V|\2 = 3.6 V,
Vgensl3:0] = 1111, Igens = 10 mA, typical external component values, unless otherwise noted. Typical values are characterized
atViy=3.6V, V|2 =38.6V, Vgensl3:0] = 1111, Igenz = 10 mA, and 25 °C, unless otherwise noted.

Parameter Symbol Min Typ Max Unit

VGEN3 AC AND TRANSIENT (CONTINUED)

Turn-on Time
Enable to 90% of end value, V|\o = VIN2N, 3.6 V GEN3on 60 - 500 us
IGEN3 =0.0mA

Turn-off Time
Disable to 10% of initial value, V|\o = VIN2\yn GEN3iorr - - 10 ms
IGEN3 =0.0mA

Start-up Overshoot

—_ 0,
Vinz = VIN2yn, 3.6V, Igens = 0.0 mA GENSosHT 10 2.0 %

Transient Load Response
V|N2 = V|N2M|N’ 36V
IGENS =10 to 100 mAin 1.0}13 VGEN3LOTR - - 3.0 %
Peak of overshoot or undershoot of VGEN3 with respect to final
value. Refer to Figure 20

Transient Line Response
IGEN3 =75 mA
VIN2|N|T|AL =28Vto VIN2F|NAL =3.3Vfor
GENZ3[3:0] = 0000 to 0111
VIN2|N|T|AL = VGEN3+O'3 V to VIN2F|NAL = VGEN3+O'8 V for VGEN3L|TR - 5.0 8.0 mV
VGENZ3[3:0] = 1000 to 1010
VIN2|N|T|AL = VGEN3+O'25 V to VIN2F|NAL =3.6 Vfor
VGEN3[3:0] = 1011 to 1111
Refer to Figure 20

Notes

56. 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,
for proper regulation due to the dropout voltage generated through the internal LDO transistor.

57. The PSRR of the regulators is measured with the perturbing signal at the input of the regulator. The power management IC is supplied
separately from the input of the regulator and does not contain the perturbed signal. During measurements, care must be taken not to
operate in the dropout region of the regulator under test. VIN2,\ refers to the minimum allowed input voltage for a particular output
voltage.
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Table 89. VGEN4 Electrical Characteristics

Functional Block Requirements and Behaviors
Power Generation

All parameters are specified at Consumer T = -40 to 85 °C and Extended Industrial Ty =-40to 105 °C, V|y=3.6 V, V|2 =3.6 V,
Veena[3:0] = 1111, Igeng = 10 mA, typical external component values, unless otherwise noted. Typical values are characterized
atViy=3.6V, VN2 =3.6V, Veenal3:0] = 1111, Igeng = 10 mA, and 25 °C, unless otherwise noted.

Parameter Symbol Min Typ Max Unit
VGEN4
Operating Input Voltage 28
1.8V <VGEN4\om <25V Vin2 VGEN'4 . - 3.6 \
2.6 V < VGEN4y oy < 3.3 V(%8) 0 25“(‘)0”' - 36
Nominal Output Voltage VGEN4NoMm - Table 77 - \
Operating Load Current IGENS 0.0 - 350 mA
VGEN4 DC
Output Voltage Tolerance
0.0 MA < Igens < 350 mA VeenaToL 3.0 3.0 %
VGEN4[3:0] = 0000 to 1111
Load Regulation mv/
(Vens at lgens = 350 MA) - (Vgeng at lgeng = 0.0 MA) VGEN4LOR - 0.07 - mA
For any VIN2M|N < V|N2 <36V
Line Regulation mv/
(Veens at 3.6 V) - (Vgeng at VINZyN) VGEN4LIR - 0.80 - mA
For any 0.0 mA < Iggns4 < 350 mA
Current Limit
Igens When VGEN4 is forced to VGEN4yowm/2 lGENaLIM 435 584.5 700 mA
Overcurrent Protection Threshold
Icens required to cause the SCP function to disable LDO when lcEN4OCP 420 - 700 mA
REGSCPEN =1
Quiescent Current
No Ioad, Change in |V|N and IV|N2 IGEN4Q - 13 - ],J.A
When VGEN4 enabled
VGEN4 AC AND TRANSIENT
PSRR(%9)
* lgeng = 262.5 mA, 20 Hz to 20 kHz
PSRR B
VGEN4[3:0] = 0000 - 1110, Vjo = VIN2yn + 100 mV SRRveENs 35 40 - d
VGEN4[3:0] = 0000 - 1000, V|no = VGEN4yom + 1.0V 55 60 -
Output Noise Density
. V|N2 = VIN2M|N| IGEN4 =262.5 mA dBV/
100 Hz — <1.0 kHz NOISEygens - -114 -102 VHz
1.0 kHz — <10 kHz - -129 -123
10 kHz — 1.0 MHz - -135 -130
Turn-on Slew Rate
* 10% to 90% of end value
. VIN2M|N < V|N2 <3.6 V’ IGEN4 =0.0mA
VGEN4[3:0] = 0000 to 0011 SLWRyGEN4 - - 22.0 mV/us
VGEN4[3:0] = 0100 to 0111 - - 26.5
VGEN4[3:0] = 1000 to 1011 - - 30.5
VGEN4[3:0] = 1100 to 1111 - - 345
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Table 89. VGEN4 Electrical Characteristics (continued)

All parameters are specified at Consumer T =-40 to 85 °C and Extended Industrial T =-40to 105 °C, V| =3.6 V,V|\» =3.6 V,
Veena[3:0] = 1111, Igeng = 10 mA, typical external component values, unless otherwise noted. Typical values are characterized
atViy=3.6V, VN2 =3.6V, Vgena[3:0] = 1111, Igeng = 10 mA, and 25 °C, unless otherwise noted.

Parameter Symbol Min Typ Max Unit

VGEN4 AC AND TRANSIENT (CONTINUED)

Turn-on Time
Enable to 90% of end value, V|\o = VIN2N, 3.6 V GEN4,on 60 - 500 us
IGEN4 =0.0mA

Turn-off Time
Disable to 10% of initial value, V|y2 = VIN2 GEN4yop - - 10 ms
IGEN4 =0.0mA

Start-up Overshoot

—_ 0,
Vinz = VIN2yn, 3.6V, lgens = 0.0 mA GEN4osHT 10 2.0 %

Transient Load Response
V|N2 = VIN2M|N’ 36V
IGEN4 =35t0350 mAin 1.0 us VGEN4LOTR - - 3.0 %
Peak of overshoot or undershoot of VGEN4 with respect to final
value. Refer to Figure 20

Transient Line Response
IGEN4 =262.5mA
VIN2|N|T|AL =28Vto VIN2F|NAL =3.3Vfor
VGENA4[3:0] = 0000 to 0111
VIN2|N|T|AL = VGEN4+O'3 V to VIN2F|NAL = VGEN4+O'8 V for VGEN4L|TR - 5.0 8.0 mV
VGEN4[3:0] = 1000 to 1010
VIN2|N|T|AL = VGEN4+O'25 V to VIN2F|NAL =3.6 Vfor
VGEN4[3:0] = 1011 to 1111
Refer to Figure 20

Notes

58. 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.

59. The PSRR of the regulators is measured with the perturbing signal at the input of the regulator. The power management IC is supplied
separately from the input of the regulator and does not contain the perturbed signal. During measurements, care must be taken not to
operate in the dropout region of the regulator under test. VIN2,\ refers to the minimum allowed input voltage for a particular output
voltage.
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Table 90. VGENS Electrical Characteristics

Functional Block Requirements and Behaviors
Power Generation

All parameters are specified at Consumer T, =-40 to 85 °C and Extended Industrial Ty =-40to 105 °C, V| =3.6 V,V|y3=3.6 V,
Vgensl3:0] = 1111, Igens = 10 mA, typical external component values, unless otherwise noted. Typical values are characterized
atV|y=3.6"V,VIN3=3.6V, Vgens[3:0] = 1111, Igens = 10 mA, and 25 °C, unless otherwise noted.

Parameter

Symbol

Min

Typ

Max

Unit

VGEN5

Operating Input Voltage
1.8 V<VGENS5\om<25V
2.6 V < VGEN5yoy < 3.3 V(60

Ving

2.8
VGENSy o+
0.250

4.5
4.5

Nominal Output Voltage

VGENS5yopm

Table 77

Operating Load Current

IGENS

0.0

100

mA

VGENS5 ACTIVE MODE - DC

Output Voltage Tolerance
VIN3yin < VN3 <45V
0.0 mA < lggns < 100 mA
VGENS5[3:0] = 0000 to 1111

VGENsTOL

3.0

%

Load Regulation

(Veens at Igens = 100 mA) - (Vgens at Igens = 0.0 mA)
For any VIN3M|N < V|N3 <45mV

VGENS5LOR

0.10

mV/
mA

Line Regulation
(Vaens at Ving = 4.5 V) - (Vgens at VIN3yy)
Forany 0.0 mA < Iggn5 < 100 mA

VGENSLIR

0.50

mV/
mA

Current Limit
lcens When VGENS is forced to VGENSyopM/2

IGENSLIM

122

167

200

mA

Overcurrent Protection threshold
Igens required to cause the SCP function to disable LDO when
REGSCPEN =1

IgENsOCP

120

200

mA

Quiescent Current
No load, Change in lyy and lyn3
When VGENS5 enabled

lcENsQ

13

pA

VGENS5 AC AND TRANSIENT

PSRR®

* lgens = 75 MA, 20 Hz to 20 kHz
VGENS[3:0] = 0000 - 1111, Vjnz = VIN3yn + 100 mV
VGENS5[3:0] = 0000 - 1111, VN3 = VGENSyop + 1.0V

PSRRyGeNs

35
52

40
60

dB

Output Noise Density

. V|N3 = V|N3M|N’ IGEN5 =75mA
100 Hz — <1.0 kHz
1.0 kHz — <10 kHz
10 kHz — 1.0 MHz

NOISEygens

114
-129
-135

-102
-123
-130

dBV/
\VHz

Turn-on Slew Rate

* 10% to 90% of end value

. V|N3M|N < V|N3 <45 |'T1Vy IGEN5 =0.0mA
VGEN5[3:0] = 0000 to 0011
VGENS5[3:0] = 0100 to 0111
VGENS5[3:0] = 1000 to 1011
VGEN5[3:0] = 1100 to 1111

SLWRyGENs

22.0
26.5
30.5
34.5

mV/us
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Table 90. VGENS5 Electrical Characteristics (continued)

All parameters are specified at Consumer T =-40 to 85 °C and Extended Industrial T =-40to 105 °C, V| =3.6 V,V|\y3=3.6 V,
Veens[3:0] = 1111, Igens = 10 mA, typical external component values, unless otherwise noted. Typical values are characterized
atViy=3.6V,VIN3=3.6V, Vgens[3:0] = 1111, Igens = 10 mA, and 25 °C, unless otherwise noted.

Parameter Symbol Min Typ Max Unit

VGENS5 ACTIVE MODE - DC (CONTINUED)

Turn-on Time
Enable to 90% of end value, V|\3 = VIN3yN, 4.5V GENS5;0n 60 - 500 us
IGEN5 =0.0mA

Turn-off Time
Disable to 10% of initial Value, V|N3 = VIN3M|N GENStOFF - - 10 ms
IGEN5 =0.0mA

Start-up Overshoot

—_ 0,
Vinz = VIN3yin, 4.5V, lgens = 0.0 mA GENSosHT 10 2.0 %

Transient Load Response
V|N3 = VIN3M|N’ 45V
lgens = 10 to 100 mAin 1.0 ps v
Peak of overshoot or undershoot of VGENS5 with respect to final GENSLOTR -
value.
Refer to Figure 20

Transient Line Response
IGEN5 =75 mA
VIN3|N|T|AL =28Vto VIN3F|NAL =3.3V for
VGENS5[3:0] = 0000 to 0111 VGENSLITR - 5.0 8.0 mv
VIN3|N|T|AL = VGEN5+O'3 V to VIN3F|NAL = VGEN5+O'8 V for
VGENS[3:0] = 1000 to 1111
Refer to Figure 20

Notes

60. 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.

61. The PSRR of the regulators is measured with the perturbing signal at the input of the regulator. The power management IC is supplied
separately from the input of the regulator and does not contain the perturbed signal. During measurements, care must be taken not to
operate in the dropout region of the regulator under test. VIN3,,\ refers to the minimum allowed input voltage for a particular output
voltage.
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Table 91. VGENG Electrical Characteristics

Functional Block Requirements and Behaviors
Power Generation

All parameters are specified at Consumer T, =-40 to 85 °C and Extended Industrial Ty =-40t0 105 °C, V|y=3.6 V, V|3 =3.6 V,
Vgensl3:0] = 1111, Igens = 10 mA, typical external component values, unless otherwise noted. Typical values are characterized
atViy=3.6V, VN3 =3.6V, Vgens[3:0] = 1111, Igeng = 10 MA, and 25 °C, unless otherwise noted.

Parameter Symbol Min Typ Max ‘ Unit ‘

VGENG6

Operating Input Voltage 2.8 _ 45
1.8V <VGEN6yom <25V Vin3 VGENG6jom* _ 4'5 \Y
2.6 V < VGEN6y oy < 3.3 V(62) 0.250 :

Nominal Output Voltage VGENG6NoMm - Table 77 - \

Operating Load Current IGENG 0.0 - 200 mA

VGEN6 DC

Output Voltage Tolerance
VIN3yin < VN <45V } _ o
0.0 MA < Igeng < 200 mA VeensToL 3.0 3.0 L
VGENS6[3:0] = 0000 to 1111

Load Regulation mv/
(Vaens at Igens = 200 mA) - (Vgeng at lgene = 0.0 mA) VGEN6LOR - 0.10 - mA
For any VIN3M|N < V|N3 <45V

Line Regulation mv/
(Veene at Ving = 4.5 V) - (Vgene at VINSyiN) VGEN6LIR - 0.50 - mA
For any 0.0 mA < Iggng < 200 mA

Current Limit
Icens When VGENS is forced to VGENGyopm/2 lGeNeLIM 232 333 475 mA

Overcurrent Protection Threshold
lceneg required to cause the SCP function to disable LDO when lcENBOCP 220 - 475 mA
REGSCPEN =1

Quiescent Current
No Ioad, Change in |V|N and IV|N3 IGEN6Q - 13 - HA
When VGENG enabled

VGEN6 AC AND TRANSIENT

PSRR(®3)

* lgens = 150 mA, 20 Hz to 20 kHz
VGENSB[3:0] = 0000 - 1111, V}y3 = VIN3yy + 100 mV PSRRvaens 35 40 - dB
VGENSG[3:0] = 0000 - 1111, V|y3 = VGENGByom + 1.0V 52 60 -

Output Noise Density

. V|N3 = VIN3M|N' IGEN6 =150 mA dBV/
100 Hz — <1.0 kHz NOISEygeng - -114 -102 JHz
1.0 kHz — <10 kHz - -129 -123
10 kHz — 1.0 MHz - -135 -130

Turn-On Slew Rate

* 10% to 90% of end value

. VIN3M|N < V|N3 <45 V IGEN6 =0.0mA
VGENS®6[3:0] = 0000 to 0011 SLWRyGENs - - 22.0 mV/us
VGENSG6[3:0] = 0100 to 0111 - - 26.5
VGENSBG[3:0] = 1000 to 1011 - - 30.5
VGENSG[3:0] = 1100 to 1111 - - 345

Turn-on Time
Enable to 90% of end value, V|y3 = VIN3y N, 4.5V GENG6yon 60 - 500 us
IGENG =0.0mA
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Table 91. VGENSG Electrical Characteristics (continued)

All parameters are specified at Consumer T = -40 to 85 °C and Extended Industrial Tp =-40t0 105 °C, V|y=3.6 V, V|y3=3.6 V,
Vaenel3:0] = 1111, Igeng = 10 mA, typical external component values, unless otherwise noted. Typical values are characterized
atViy=3.6V, VN3 =36V, Vgenel3:0] = 1111, Igens = 10 mA, and 25 °C, unless otherwise noted.

Parameter Symbol Min Typ Max ‘ Unit ‘

VGEN6 AC AND TRANSIENT (CONTINUED)

Turn-off Time
Disable to 10% of initial value, V|y3 = VIN3yn GENG6yorr - - 10 ms
IGENG =0.0mA

Start-up Overshoot

— o,
Ving = VIN3yi, 4.5V, lggns = 0 mA GENGosHT 1.0 2.0 %

Transient Load Response
V|N3 = VIN3M|N| 45V
IGENG =20t0 200 mAin 1.0 us VGENGLOTR - - 3.0 %
Peak of overshoot or undershoot of VGENG with respect to final
value. Refer to Figure 20

Transient Line Response
IGEN6 =150 mA
VIN3|N|T|AL =28Vto VIN3F|NAL =3.3Vfor
VGENSB[3:0] = 0000 to 0111 VGENGLITR - 5.0 8.0 mv
VIN3|N|T|AL = VGEN6+O'3 V to VIN3F|NAL = VGEN6+O'8 V for
VGENSG[3:0] = 1000 to 1111
Refer to Figure 20

Notes
62. 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.
63. The PSRR of the regulators is measured with the perturbing signal at the input of the regulator. The power management IC is supplied
separately from the input of the regulator and does not contain the perturbed signal. During measurements, care must be taken not to
operate in the dropout region of the regulator under test. VIN3,y refers to the minimum allowed input voltage for a particular output

voltage.

6.4.7 VSNVS LDO/Switch

VSNVS powers the low power, SNVS/RTC domain on the processor. It derives its power from either VIN, or coin cell, and cannot
be disabled. When powered by both, VIN takes precedence when above the appropriate comparator threshold. When powered
by VIN, VSNVS is an LDO capable of supplying seven voltages: 3.0, 1.8,1.5,1.3,1.2,1.1,and 1.0 V. The bits VSNVSVOLT[2:0]
in register VSNVS_CONTROL determine the output voltage. When powered by coin cell, VSNVS is an LDO capable of supplying
1.8,1.5,1.3,1.2,1.1,0r 1.0 V as shown in Table 92. If the 3.0 V option is chosen with the coin cell, VSNVS tracks the coin cell
voltage by means of a switch, whose maximum resistance is 100 Q. In this case, the VSNVS voltage is simply the coin cell
voltage minus the voltage drop across the switch, which is 40 mV at a rated maximum load current of 400 pA.

The default setting of the VSNVSVOLT[2:0] is 110, or 3.0 V, unless programmed otherwise in OTP. However, when the coin cell
is applied for the very first time, VSNVS will output 1.0 V. Only when VIN is applied thereafter will VSNVS transition to its default,
or programmed value if different. Upon subsequent removal of VIN, with the coin cell attached, VSNVS will change configuration
from an LDO to a switch for the “110” setting, and will remain as an LDO for the other settings, continuing to output the same
voltages as when VIN is applied, providing certain conditions are met as described in Table 92.
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PF0200
1 "
VIN L
2.25V (VTLO) - 1 |
45V LDO/SWITCH

Input

LICELL Sense/ Veer
Charger Selector } :j
{1 VSNVS
Coin Cell L |
1.8-33V ] T 7 A

I’C Interface

Figure 21. VSNVS Supply Switch Architecture

Table 92 provides a summary of the VSNVS operation at different input voltage VIN and with or without coin cell connected to
the system.

Table 92. VSNVS Modes of Operation

VSNVSVOLT[2:0] VIN MODE
110 > VTH1 VIN LDO 3.0V
110 <VTL1 Coin cell switch
000 — 101 >VTHO |VINLDO
000 — 101 <VTLO Coin cell LDO

VSNVS Control
The VSNVS output level is configured through the VSNVSVOLT[2:0]bits on VSNVSCTL register as shown in table Table 93.

Table 93. Register VSNVSCTL - ADDR 0x6B

Name Bit # R/W | Default Description

Configures VSNVS output voltage.(4)
000=1.0V
001=11V
010=1.2V

VSNVSVOLT 2:0 R/W 0x80 011=13V

100=15V

101=18V

110=3.0V

111 = RSVD

UNUSED 7:3 - 0x00 |UNUSED

Notes
64. Only valid when a valid input voltage is present.

VSNVS External Components

Table 94. VSNVS External Components

Capacitor Value (uF)

VSNVS 0.47
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VSNVS Specifications

Table 95. VSNVS Electrical Characteristics

All parameters are specified at Consumer Tp = -40 to 85 °C and Extended Industrial T =-40 to 105 °C, V= 3.6 V, Vgnys =

3.0V, Ignys = 5.0 pA, typical external component values, unless otherwise noted. Typical values are characterized at

VIN=3.6V, Vgnys =3.0V, Ignys = 5.0 pA, and 25 °C, unless otherwise noted.

Parameter Symbol Min Typ Max Unit
VSNVS
Operating Input Voltage
Valid Coin Cell range VINgnys 1.8 - 3.3 \
Valid Vi 2.25 - 45
Operating Load Current
| 5.0 - 400 A
VinmIN < VIN < Vinmax SNVS H
VSNVS DC, LDO
Output Voltage
* 5.0 pA <Ignys <400 pA (OFF)
3.20V <V)y<4.5V,VSNVSVOLT[2:0] =110 -5.0% 3.0 7.0%
VTLO/VTH < V|y < 4.5V, VSNVSVOLTI[2:0] = [000] - [101] -8.0% 1.0-1.8 7.0%
+ 5.0 pA < Igyys < 400 pA (ON) v v
3.20 V < Vjy < 4.5V, VSNVSVOLT[2:0] = 110 SNVS -5.0% 3.0 5.0%
UVDET <V|y <4.5V, VSNVSVOLT[2:0] = [000] - [101] -4.0% 1.0-1.8 4.0%
* 5.0 pA < Ignys < 400 pA (Coin Cell mode)
2.84 V < Vgon < 3.3V, VSNVSVOLT[2:0] = 110 Veoin-0.04 - Vcoin
1.8V < Vg < 3.3V, VSNVSVOLT[2:0] = [000] - [101] -8.0% 1.0-1.8 7.0%
Dropout Voltage
Vin = Veoin = 2.85 V, VSNVSVOLT[2:0] = 110, Ignys = 400 pA VSNVSprop - - 50 mv
Current Limit
Vin > Vi1, VSNVSVOLT[2:0] = 110 ISNVS 1100 - 6750 A
ViN > Vrno, VSNVSVOLT([2:0] = 000 to 101 LIM 500 - 6750 K
VN < VLo, VSNVSVOLT[2:0] = 000 to 101 480 - 4500
VN Threshold (Coin Cell Powered to V|5 Powered) V,y going high
with valid coin cell \%
VSNVSVOLT[2:0] = 000, 001, 010, 011, 100, 101 VTHo 2.25 2.40 2.55
VN Threshold (V,y Powered to Coin Cell Powered) V,y going low
with valid coin cell \%
VSNVSVOLT[2:0] = 000, 001, 010, 011, 100, 101 V110 2.20 2.35 2.50
VN Threshold Hysteresis for V4-V1 1 VhvsTi 5.0 - - mV
VN Threshold Hysteresis for V1ho-VTL0 VHysTo 5.0 - - mV
Output Voltage During Crossover (69)
VSNVSVOLT[2:0] = 110
VCOIN >29V VSNVSCROSS 2.70 - - \%
Switch to LDO: Vjy > 2.825 V, Ignys = 100 uA
LDO to Switch: V|N <3.05 V, ISNVS =100 ]J.A

Notes

65. During crossover from VIN to LICELL, the VSNVS output voltage may drop to 2.7 V before going to the LICELL voltage. Though this is
outside the specified DC voltage level for the VDD_SNVS_IN pin of the i.MX 6, this momentary drop does not cause any malfunction.
The i.MX 6’'s RTC continues to operate through the transition, and as a worst case it may switch to the internal RC oscillator for a few
clock cycles before switching back to the external crystal oscillator.

PF0200

84

Analog Integrated Circuit Device Data
Freescale Semiconductor



Functional Block Requirements and Behaviors
Power Generation

Table 95. VSNVS Electrical Characteristics (continued)

All parameters are specified at Consumer T, = -40 to 85 °C and Extended Industrial Ty = -40 to 105 °C, V| =3.6 V, Vgnys =
3.0V, Ignys = 5.0 pA, typical external component values, unless otherwise noted. Typical values are characterized at
ViN=3.6V, Vgnys =3.0V, Ignys = 5.0 pA, and 25 °C, unless otherwise noted.

Parameter Symbol Min Typ Max Unit

VSNVS AC AND TRANSIENT

Turn-on Time®7)®8) (Load capacitor, 0.47 pF)

V|N > UVDET to 90% of VSNVS tONSNVS ms
Veoin=0.0V, Isnys = 5.0 A
VSNVSVOLT[2:0] = 000 to 110

Start-up Overshoot
VSNVSVOLT[2:0] = 000 to 110
I =5.0 ,L : VsnvsosH - 40 70 mV
SNvs = 9.U L

dVjn/dt = 50 mV/us

Transient Line Response Ignys = 75% of ISNVSyax _ 32 _
3.2V< V|N <4.5 V, VSNVSVOLT[ZO] =110 VSNVSLlTR _ 22 _ mV
245V <V, <4.5V, VSNVSVOLT[2:0] = [000] - [101]

Transient Load Response
VSNVSVOLT[2:0] = 110 28 B B Vv
3.1 V(UVDETL)<V|y<4.5V :
ISNVS =75to0 750 HA

VSNVSVOLT[2:0] = 000 to 101
245V <V)y<45V ,
VTLO > Vi, 1.8 V < Voo < 3.3 V - 10 20 &
ISNVS =40 to 400 MA

VsnvsLOTR

Refer to Figure 20
VSNVS DC, SWITCH

Operating Input voltage

Valid Coin Cell range Vinsnvs 18 - 33 v
Operating Load Current Isnvs 5.0 - 400 pA
Internal Switch R

Vcoin = 2.6 voen Rosonsnvs - - 100 Q
V\ Threshold (V|5 Powered to Coin Cell Powered) (69) VTLA

VSNVSVOLT[2:0] = 110 2725 2.90 3.00 \
VN Threshold (Coin Cell Powered to V| Powered) VTH1

VSNVSVOLT[2:0] = 110 2.775 2.95 3.1 \

Notes
66. For 1.8 V Igyys limited to 100 pA for Veoiy < 2.1V
67. The start-up of VSNVS is not monotonic. It first rises to 1.0 V and then settles to its programmed value within the specified tg4 time.
68. From coin cell insertion to VSNVS =1.0 V, the delay time is typically 400 ms.

69. During crossover from VIN to LICELL, the VSNVS output voltage may drop to 2.7 V before going to the LICELL voltage. Though this is
outside the specified DC voltage level for the VDD_SNVS_IN pin of the i.MX 6, this momentary drop does not cause any malfunction.
The i.MX 6’s RTC continues to operate through the transition, and as a worst case it may switch to the internal RC oscillator for a few
clock cycles before switching back to the external crystal oscillator.
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6.4.7.1 Coin Cell Battery Backup

The LICELL pin provides for a connection of a coin cell backup battery or a “super” capacitor. If the voltage at VIN goes below
the V) threshold (V11 and V1), contact-bounced, or removed, the coin cell maintained logic will be powered by the voltage
applied to LICELL. The supply for internal logic and the VSNVS rail will switch over to the LICELL pin when VIN goes below VTL1
or VTLO, even in the absence of a voltage at the LICELL pin, resulting in clearing of memory and turning off of VSNVS. When
system operation below VTL1 is required, for systems not utilizing a coin cell, connect the LICELL pin to any system voltage
between 1.8 and 3.0 V. A small capacitor should be placed from LICELL to ground under all circumstances.

Coin Cell Charger Control

The coin cell charger circuit will function as a current-limited voltage source, resulting in the CC/CV taper characteristic typically
used for rechargeable Lithium-lon batteries. The coin cell charger is enabled via the COINCHEN bit while the coin cell voltage is
programmable through the VCOIN[2:0] bits on register COINCTL on Table 97. The coin cell charger voltage is programmable.
In the ON state, the charger current is fixed at ICOINHI. In Sleep and Standby modes, the charger current is reduced to a typical
10 pA. In the OFF state, coin cell charging is not available as the main battery could be depleted unnecessarily. The coin cell

charging will be stopped when Vy is below UVDET.

Table 96. Coin Cell Charger Voltage

VCOIN[2:0] Veom (V)79
000 2.50
001 2.70
010 2.80
011 2.90
100 3.00
101 3.10
110 3.20
111 3.30
Notes

70.

Coin cell voltages selected based on the
type of LICELL used on the system.

Table 97. Register COINCTL - ADDR 0x1A

Name Bit # R/W | Default Description
Coin cell charger output voltage selection.
VCOIN 2:0 R/W 0x00 | See Table 96 for all options selectable through
these bits.
COINCHEN 3 R/W 0x00 |Enable or disable the Coin cell charger
UNUSED 7:4 - 0x00 |UNUSED

External Components

Table 98. Coin Cell Charger External Components

Component

Value Units

LICELL Bypass Capacitor

100 nF
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Coin Cell Specifications

Table 99. Coin Cell Charger Specifications

Parameter Typ Unit
Voltage Accuracy 100 mV
Coin Cell Charge Current in On mode ICOINHI 60 pA
Current Accuracy 30 %

6.5 Control Interface I12C Block Description

The PF0200 contains an 12C interface port which allows access by a processor, or any 12C master, to the register set. Via these
registers the resources of the IC can be controlled. The registers also provide status information about how the IC is operating.

The SCL and SDA lines should be routed away from noisy signals and planes to minimize noise pick up. To prevent reflections
in the SCL and SDA traces from creating false pulses, the rise and fall times of the SCL and SDA signals must be greater than
20 ns. This can be accomplished by reducing the drive strength of the I1°C master via software. The i.MX6 12C driver defaults to
a 40 ohm drive strength. It is recommended to use a drive strength of 80 ohm or higher to increase the edge times. Alternatively,
this can be accomplished by using small capacitors from SCL and SDA to ground. For example, use 5.1 pF capacitors from SCL
and SDA to ground for bus pull-up resistors of 4.8 kohm.

6.5.1 12C Device ID

12C interface protocol requires a device ID for addressing the target IC on a multi-device bus. To allow flexibility in addressing for
bus conflict avoidance, fuse programmability is provided to allow configuration for the lower 3 address LSB(s). Refer to One Time
Programmability (OTP) for more details. This product supports 7-bit addressing only; support is not provided for 10-bit or general
call addressing. Note, when the TBB bits for the I2C slave address are written, the next access to the chip, must then use the
new slave address; these bits take affect right away.

6.5.2 12C Operation

The 12C mode of the interface is implemented generally following the Fast mode definition which supports up to 400 kbits/s
operation (exceptions to the standard are noted to be 7-bit only addressing and no support for General Call addressing.) Timing
diagrams, electrical specifications, and further details can be found in the 12C specification, which is available for download at:

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

I2C read operations are also performed in byte increments separated by an ACK. Read operations also begin with the MSB and
each byte will be sent out unless a STOP command or NACK is received prior to completion.

The following examples show how to write and read data to and from the IC. The host initiates and terminates all communication.
The host sends a master command packet after driving the start condition. The device will respond to the host if the master
command packet contains the corresponding slave address. In the following examples, the device is shown always responding
with an ACK to transmissions from the host. If at any time a NACK is received, the host should terminate the current transaction
and retry the transaction.

Host can
Packet Device . Master Driven Data also drive
Type Address Register Address (bye 0) another
Start instead
7 0 7 0 7 0 of Stop
Host SDA ‘ Y N e ‘ T T T T T ] ‘ ‘ [ R A ‘ ‘ ‘
0S START 0 STOP
[ R I T N B Lo T O T I N
R/W
A A A
Slave SDA ¢ A ‘ A
K K K

Figure 22. I2C Write Example
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‘ Host can also

Packet Device ) ) ) X
Type Address Register Address Device Address PMIC Driven Data drive another
Start instead of
23\ T T T T 1 1 15\ T T T T 1 R R Stop
Host SDA ‘ START ‘ 0‘ ‘ ‘ ‘ START ‘ 1‘ ‘ ‘gﬁ‘ STOP ‘
T Y Y O N I I Y O N B I Y O N B
RIW RIW
7 0

Slave SDA ‘ é ‘

Figure 23. 12C Read Example

6.5.3 Interrupt Handling

The system is informed about important events based on interrupts. Unmasked interrupt events are signaled to the processor by
driving the INTB pin low.

Each interrupt is latched so that even if the interrupt source becomes inactive, the interrupt will remain set until cleared. Each
interrupt can be cleared by writing a “1” to the appropriate bit in the Interrupt Status register; this will also cause the INTB pin to
go high. If there are multiple interrupt bits set the INTB pin will remain low until all are either masked or cleared. If a new interrupt
occurs while the processor clears an existing interrupt bit, the INTB pin will remain low.

Each interrupt can be masked by setting the corresponding mask bit to a 1. As a result, when a masked interrupt bit goes high,
the INTB pin will not go low. A masked interrupt can still be read from the Interrupt Status register. This gives the processor the
option of polling for status from the IC. The IC powers up with all interrupts masked, so the processor must initially poll the device
to determine if any interrupts are active. Alternatively, the processor can unmask the interrupt bits of interest. If a masked interrupt
bit was already high, the INTB pin will go low after unmasking.

The sense registers contain status and input sense bits so the system processor can poll the current state of interrupt sources.
They are read only, and not latched or clearable.

Interrupts generated by external events are debounced; therefore, the event needs to be stable throughout the debounce period
before an interrupt is generated. Nominal debounce periods for each event are documented in the INT summary Table 100 . Due
to the asynchronous nature of the debounce timer, the effective debounce time can vary slightly.

6.5.4 Interrupt Bit Summary

Table 100 summarizes all interrupt, mask, and sense bits associated with INTB control. For more detailed behavioral
descriptions, refer to the related chapters.

Table 100. Interrupt, Mask and Sense Bits

Interrupt Mask Sense Purpose Trigger Debounce Time (ms)
Low Input Voltage Detect 1)
LOWVINI LOWVINM LOWVINS Sense is 1 if below 2.80 V threshold Hiol 3.9
Power on button event HtolL 31.25(71)
PWRONI PWRONM PWRONS
Sense is 1 if PWRON is high. LtoH 31.25

THERM110 THERM110M THERM110S Thermal 110 °C threshold Dual 3.9
Sense is 1 if above threshold

THERM120 THERM120M THERM120S Thermal 120 °C threshold Dual 3.9
Sense is 1 if above threshold

THERM125 THERM125M THERM125S Thermal 125 °C threshold Dual 3.9
Sense is 1 if above threshold

THERM130 THERM130M THERM130S Thermal 130 °C threshold Dual 3.9
Sense is 1 if above threshold

Regulator 1A overcurrent limit

Sense is 1 if above current limit LtoH 8.0

SW1AFAULTI SW1AFAULTM SW1AFAULTS

Regulator 1B overcurrent limit

Sense is 1 if above current limit LtoH 8.0

SW1BFAULTI SW1BFAULTM SW1BFAULTS
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Table 100. Interrupt, Mask and Sense Bits (continued)

Functional Block Requirements and Behaviors
Control Interface 12C Block Description

Interrupt Mask Sense Purpose Trigger | Debounce Time (ms)
SW2FAULTI SW2FAULTM SW2FAULTS Regulator 2 overcurrent limit LtoH 8.0
Sense is 1 if above current limit
SW3AFAULTI  |SW3AFAULTM | SW3AFAULTs | Regulator 3A overcurrent limit Lto H 8.0
Sense is 1 if above current limit
SW3BFAULTI  |SW3BFAULTM  |SW3BFAULTS | Regulator 3B overcurrent limit LtoH 8.0
Sense is 1 if above current limit
SWBSTFAULTI |SWBSTFAULTM |SWBSTFAULTs |SWBST overcurrentlimit LtoH 8.0
Sense is 1 if above current limit
VGENIFAULTI |VGENTFAULTM |VGEN1FAULTs |YGEN1overcurrentlimit Lto H 8.0
Sense is 1 if above current limit
VGEN2FAULTI |VGEN2FAULTM |VGEN2FAULTs | YGENZ overcurrentlimit LtoH 8.0
Sense is 1 if above current limit
VGEN3FAULTI |VGEN3FAULTM |VGEN3FAULTs |/GENS overcurrentlimit LtoH 8.0
Sense is 1 if above current limit
VGEN4FAULTI |VGEN4FAULTM |VGEN4FAULTs |YCGEN4overcurrentlimit Lto H 8.0
Sense is 1 if above current limit
VGENSFAULTI |VGENSFAULTM |VGEN1FAULTs | YGENS overcurrentlimit LtoH 8.0
Sense is 1 if above current limit
VGENGFAULTI |VGENSFAULTM |VGENGFAULTS |YCENS overcurrentlimit LtoH 8.0
Sense is 1 if above current limit
OTP ECCI OTP ECCM OTP ECCS 1or2 plt er'ror detected in OTP registers Lto H 8.0
- - - Sense is 1 if error detected
Notes
71. Debounce timing for the falling edge can be extended with PWRONDBNCI1:0].
A full description of all interrupt, mask, and sense registers is provided in Tables 101 to 112.
Table 101. Register INTSTATO - ADDR 0x05
Name Bit # R/W Default Description
PWRONI 0 R/W1C 0 Power on interrupt bit
LOWVINI 1 R/W1C 0 Low-voltage interrupt bit
THERM110I 2 R/W1C 0 110 °C Thermal interrupt bit
THERM120I 3 R/W1C 0 120 °C Thermal interrupt bit
THERM125I 4 R/W1C 0 125 °C Thermal interrupt bit
THERM130I 5 R/W1C 0 130 °C Thermal interrupt bit
UNUSED 76 00 Unused
Table 102. Register INTMASKO - ADDR 0x06
Name Bit # R/W Default Description
PWRONM 0 R/W1C 1 Power on interrupt mask bit
LOWVINM 1 R/W1C 1 Low-voltage interrupt mask bit
THERM110M 2 R/W1C 1 110 °C Thermal interrupt mask bit
THERM120M 3 R/W1C 1 120 °C Thermal interrupt mask bit
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Table 102. Register INTMASKO - ADDR 0x06

Name Bit # R/W Default Description
THERM125M 4 R/W1C 1 125 °C Thermal interrupt mask bit
THERM130M 5 R/W1C 1 130 °C Thermal interrupt mask bit
UNUSED 7:6 - 00 Unused

Table 103. Register

INTSENSEO - ADDR 0x07

Name Bit # R/W Default Description
Power on sense bit
PWRONS 0 R 0 0 = PWRON low
1 = PWRON high
Low-voltage sense bit
LOWVINS 1 R 0 0=VIN>28V
1=VIN<28V
110 °C Thermal sense bit
THERM110S 2 R 0 0 = Below threshold
1 = Above threshold
120 °C Thermal sense bit
THERM120S 3 R 0 0 = Below threshold
1 = Above threshold
125 °C Thermal sense bit
THERM125S 4 R 0 0 = Below threshold
1 = Above threshold
130 °C Thermal sense bit
THERM130S 5 R 0 0 = Below threshold
1 = Above threshold
UNUSED 6 - 0 Unused
Additional VDDOTP voltage sense pin
VDDOTPS 7 R 00 0 = VDDOTP grounded

1 =VDDOTP to VCOREDIG or greater

Table 104. Register

INTSTAT1 - ADDR 0x08

Name Bit # R/W Default Description
SW1AFAULTI 0 R/W1C 0 SWH1A Overcurrent interrupt bit
SW1BFAULTI 1 R/W1C 0 SW1B Overcurrent interrupt bit
RSVD 2 R/W1C 0 Reserved
SW2FAULTI 3 R/W1C 0 SW2 Overcurrent interrupt bit
SW3AFAULTI 4 R/W1C 0 SW3A Overcurrent interrupt bit
SW3BFAULTI 5 R/W1C 0 SW3B Overcurrent interrupt bit
RSVD 6 R/W1C 0 Reserved
UNUSED 7 - 0 Unused
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Table 105. Register INTMASK1 - ADDR 0x09

Functional Block Requirements and Behaviors
Control Interface 12C Block Description

Name Bit # R/W Default Description
SW1AFAULTM 0 R/W 1 SWH1A Overcurrent interrupt mask bit
SW1BFAULTM 1 R/W 1 SW1B Overcurrent interrupt mask bit
RSVD 2 R/wW 1 Reserved
SW2FAULTM 3 R/W 1 SW2 Overcurrent interrupt mask bit
SW3AFAULTM 4 R/W 1 SW3A Overcurrent interrupt mask bit
SW3BFAULTM 5 R/W 1 SW3B Overcurrent interrupt mask bit
RSVD 6 R/wW 1 Reserved
UNUSED 7 - 0 Unused

Table 106. Register

INTSENSE1 - ADDR 0x0A

Name Bit # R/W Default Description
SWH1A Overcurrent sense bit
SW1AFAULTS 0 R 0 0 = Normal operation
1 = Above current limit
SW1B Overcurrent sense bit
SW1BFAULTS 1 R 0 0 = Normal operation
1 = Above current limit
RSVD 2 R 0 Reserved
SW2 Overcurrent sense bit
SW2FAULTS 3 R 0 0 = Normal operation
1 = Above current limit
SW3A Overcurrent sense bit
SW3AFAULTS 4 R 0 0 = Normal operation
1 = Above current limit
SW3B Overcurrent sense bit
SW3BFAULTS 5 R 0 0 = Normal operation
1 = Above current limit
RSVD 6 R 0 Reserved
UNUSED 7 - 0 Unused

Table 107. Register INTSTAT3 - ADDR 0x0E

Name Bit # R/W Default Description
SWBSTFAULTI 0 R/W1C 0 SWBST overcurrent limit interrupt bit
UNUSED 6:1 - 0x00 |Unused
OTP_ECCI 7 R/W1C 0 OTP error interrupt bit

Table 108. Register

INTMASKS3 - ADDR 0x0F

Name Bit # R/W Default Description
SWBSTFAULTM 0 R/W 1 SWBST overcurrent limit interrupt mask bit
UNUSED 6:1 - 0x00 |Unused
OTP_ECCM 7 R/W 1 OTP error interrupt mask bit
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Table 109. Register

INTSENSES3 - ADDR 0x10

Name Bit # R/W Default Description
SWBST overcurrent limit sense bit
SWBSTFAULTS 0 R 0 0 = Normal operation
1 = Above current limit
UNUSED 6:1 - 0x00 |Unused
OTP error sense bit
OTP_ECCS 7 R 0 0 = No error detected

1 = OTP error detected

Table 110. Register

INTSTAT4 - ADDR 0x11

Name Bit # R/W Default Description
VGEN1FAULTI 0 R/W1C 0 VGEN1 Overcurrent interrupt bit
VGEN2FAULTI 1 R/W1C 0 VGEN2 Overcurrent interrupt bit
VGEN3FAULTI 2 R/W1C 0 VGEN3 Overcurrent interrupt bit
VGEN4FAULTI 3 R/W1C 0 VGEN4 Overcurrent interrupt bit
VGENSFAULTI 4 R/W1C 0 VGENS Overcurrent interrupt bit
VGENGFAULTI 5 R/W1C 0 VGENSG Overcurrent interrupt bit
UNUSED 7:6 - 00 Unused

Table 111. Register

INTMASK4 - ADDR 0x12

Name Bit # R/W Default Description
VGEN1FAULTM 0 R/W 1 VGEN1 Overcurrent interrupt mask bit
VGEN2FAULTM 1 R/W 1 VGEN2 Overcurrent interrupt mask bit
VGEN3FAULTM 2 R/W 1 VGENS3 Overcurrent interrupt mask bit
VGEN4FAULTM 3 R/W 1 VGEN4 Overcurrent interrupt mask bit
VGENSFAULTM 4 R/W 1 VGENS Overcurrent interrupt mask bit
VGENG6FAULTM 5 R/W 1 VGENG Overcurrent interrupt mask bit
UNUSED 7:6 - 00 Unused

Table 112. Register

INTSENSE4 - ADDR 0x13

Name

Bit # R/W Default

Description

VGEN1FAULTS

VGENT1 Overcurrent sense bit
0 = Normal operation
1 = Above current limit

VGEN2FAULTS

VGEN2 Overcurrent sense bit
0 = Normal operation
1 = Above current limit

VGEN3FAULTS

VGENS3 Overcurrent sense bit
0 = Normal operation
1 = Above current limit

VGEN4FAULTS

VGEN4 Overcurrent sense bit
0 = Normal operation
1 = Above current limit
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Control Interface 12C Block Description

Table 112. Register INTSENSE4 - ADDR 0x13 (continued)

Name Bit # R/W Default Description
VGENS Overcurrent sense bit
VGENSFAULTS 4 R 0 0 = Normal operation
1 = Above current limit
VGENG Overcurrent sense bit
VGENGFAULTS 5 R 0 0 = Normal operation
1 = Above current limit
UNUSED 7:6 - 00 Unused

6.5.5 Specific Registers

6.5.5.1

IC and Version Identification

The IC and other version details can be read via identification bits. These are hard-wired on chip and described in Tables 113 to

s,

Table 113. Register DEVICEID - ADDR 0x00

Name Bit # R/W Default Description
. Die version.
DEVICEID 3.0 R 0x01 0001 = PF0200
UNUSED 74 - 0x01 Unused
Table 114. Register SILICON REV- ADDR 0x03
Name Bit # R/W Default Description
Represents the metal mask revision
Pass 0.0 = 0000
METAL_LAYER_REV 3:0 R XX
Pass 0.15=1111
Represents the full mask revision
Pass 1.0 = 0001
FULL_LAYER_REV 74 R XX

Pass 15.0 = 1111

Notes

72. Default value depends on the silicon revision.

Table 115. Register FABID - ADDR 0x04

Name Bit # R/W Default Description
FIN 1:0 R 0x00 Allows for chgracterlzmg different options within
the same reticule
FAB 3:2 0x00 | Represents the wafer manufacturing facility
Unused 7:0 0x00 | Unused
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6.5.5.2 Embedded Memory

There are four register banks of general purpose embedded memory to store critical data. The data written to MEMA[7:0],
MEMBJ[7:0], MEMC[7:0], and MEMD[7:0] is maintained by the coin cell when the main battery is deeply discharged, removed, or
contact-bounced. The contents of the embedded memory are reset by COINPORB. The banks can be used for any system need

for bit retention with coin cell backup.

Table 116. Register MEMA ADDR 0x1C

Name Bit # R/W Default Description
MEMA 7:0 R/W 0 Memory bank A
Table 117. Register MEMB ADDR 0x1D

Name Bit # R/W Default Description
MEMB 7:0 R/W 0 Memory bank B
Table 118. Register MEMC ADDR 0x1E

Name Bit # R/W Default Description
MEMC 7:0 R/W 0 Memory bank C
Table 119. Register MEMD ADDR 0x1F

Name Bit # R/W Default Description
MEMD 7:0 R/W 0 Memory bank D

6.5.6 Register Bitmap

The register map is comprised of thirty-two pages, and its address and data fields are each eight bits wide. Only the first two
pages can be accessed. On each page, registers 0 to Ox7F are referred to as ‘functional’, and registers 0x80 to OxFF as
'extended’. On each page, the functional registers are the same, but the extended registers are different. To access registers on
Extended Page 1, one must first write 0x01 to the page register at address 0x7F, and to access registers Extended Page 2, one
must first write 0x02 to the page register at address 0x7F. To access the Functional Page from one of the extended pages, no
write to the page register is necessary.

Registers that are missing in the sequence are reserved; reading from them will return a value 0x00, and writing to them will have

no effect.

The contents of all registers are given in the tables defined in this chapter; each table is structure as follows:

Name: Name of the bit.

Bit #: The bit location in the register (7-0)
R/W: Read / Write access and control

* Ris read-only access

* R/W is read and write access

« RW1C is read and write access with write 1 to clear

PF0200
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Reset: Reset signals are color coded based on the following legend.

Bits reset by SC and VCOREDIG_PORB

Bits reset by PWRON or loaded default or OTP configuration

Bits reset by DIGRESETB

Bits reset by PORB or RESETBMCU

Bits reset by VCOREDIG_PORB

Bits reset by POR or OFFB

Functional Block Requirements and Behaviors
Control Interface 12C Block Description

Default: The value after reset, as noted in the Default column of the memory map.

Fixed defaults are explicitly declared as 0 or 1.

“X” corresponds to Read / Write bits that are initialized at start-up, based on the OTP fuse settings or default if

VDDOTP = 1.5 V. Bits are subsequently 12C modifiable, when their reset has been released. “X” may also refer to bits that
may have other dependencies. For example, some bits may depend on the version of the IC, or a value from an analog

block, for instance the sense bits for the interrupts.

6.5.6.1 Register map
Table 120. Functional Page
BITS[7:0]
Add Rﬁg'Ste’ RIW | Default 7 6 5 4 3 2 1 0
ame
- - - - DEVICE ID [3:0]
00 DevicelD R |8b0001_0001
0 0 0 1 0 0 | 0 1
FULL_LAYER_REV[3:0] METAL_LAYER_REV[3:0]
03 | SILICONREVID | R |8&b0001_0000
X X X X X X X X
- - - - FAB[1:0] FIN[1:0]
04 FABID R |8%0000_0000
0 0 0 0 0 0 0 0
- - THERM130I THERM125I| THERM1201 THERM110I LOWVINI PWRONI
05 INTSTATO | RW1C | 8'b60000_0000
0 0 0 0 0 0 0 0
- - THERM130M THERM125M | THERM120M | THERM110M LOWVINM PWRONM
06 INTMASKO R/W |8b0011_1111
0 0 1 1 1 1 1 1
VDDOTPS RSVD THERM130S THERM125S | THERM120S THERM110S LOWVINS PWRONS
07 INTSENSEO R 8'b00XX_XXXX
0 0 X X X X X X
- RSVD SW3BFAULTI | SW3AFAULTI SW2FAULTI RSVD SW1BFAULTI SW1AFAULTI
08 INTSTAT1 | RW1C | 8'b60000_0000
0 0 0 0 0 0 0 0
- RSVD SW3BFAULTM | SW3AFAULTM | SW2FAULTM RSVD SW1BFAULTM | SW1AFAULTM
09 INTMASK1 R/W |8b0111_1111
0 1 1 1 1 1 1 1
- RSVD SW3BFAULTS | SW3AFAULTS | SW2FAULTS RSVD SW1BFAULTS | SW1AFAULTS
0A INTSENSE1 R 8'bOXXX_XXXX
0 X X X X X X X
OTP_ECCI - - - - - - SWBSTFAULTI
0E INTSTAT3 | RW1C | 8'b60000_0000
0 0 0 0 0 0 0 0
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Table 120. Functional Page (continued)

BITS[7:0]
Add | Register | oy | pefault 7 6 5 4 3 2 1 0
Name
OTP_ECCM - - - - - - SWBSTFAULTM
OF INTMASK3 R/W | 8'b1000_0001
1 0 0 0 0 0 0 1
OTP_ECCS - - - - - - SWBSTFAULTS
10 INTSENSE3 R | 8'b0000_000x
0 0 0 0 0 0 0 X
- - VGENG6FAULTI | VGENSFAULTI | VGEN4FAULTI | VGEN3FAULTI | VGEN2FAULTI | VGEN1FAULTI
11 INTSTAT4 RW1C | 8'b0000_0000
0 0 0 0 0 0 0 0
_ _ VGEN6 VGEN5 VGEN4 VGEN3 VGEN2 VGEN1
12 INTMASK4 RW |8b0011_1111 FAULTM FAULTM FAULTM FAULTM FAULTM FAULTM
0 0 1 1 1 1 1 1
_ _ VGENG6 VGEN5 VGEN4 VGEN3 VGEN2 VGEN1
13 INTSENSE4 R Bb00XK_XXXK FAULTS FAULTS FAULTS FAULTS FAULTS FAULTS
0 0 X X X X X X
- - - - COINCHEN VCOIN[2:0]
1A COINCTL R/W | 8'b0000_0000
0 0 0 0 0 0 0 0
REGSCPEN | STANDBYINV STBYDLY[1:0] PWRONBDBNC[1:0] PWRONRSTEN | RESTARTEN
1B PWRCTL R/W | 8'b0001_0000
0 0 0 ‘ 1 0 | 0 0 0
MEMA[7:0]
1C MEMA R/W | 8'b0000_0000
0 | 0 0 ‘ 0 ‘ 0 | 0 | 0 0
MEMB[7:0]
1D MEMB R/W | 8'b0000_0000
0 | 0 0 ‘ 0 ‘ 0 | 0 | 0 0
MEMCI7:0]
1E MEMC R/W | 8'b0000_0000
0 | 0 0 ‘ 0 ‘ 0 | 0 | 0 0
MEMDI[7:0]
1F MEMD R/W | 8'b0000_0000
0 0 0 ‘ 0 ‘ 0 | 0 | 0 0
- - SW1AB[5:0]
20 SW1ABVOLT | R/W/M | 8'b00xx_Xxxx
0 0 X ‘ X ‘ X | X | X X
- - SW1ABSTBY/[5:0]
21 SW1ABSTBY R/W | 8'b00XX_XXXX
0 0 X ‘ X ‘ X | X | X X
- - SW1ABOFF[5:0]
22 SW1ABOFF R/W | 8'b00XX_XXXX
0 0 X X X | X | X X
- - SW1ABOMODE - SW1ABMODE[3:0]
23 SW1ABMODE R/W | 8'b0000_1000
0 0 0 0 1 | 0 0 0
SW1ABDVSSPEEDI[1:0] SW1BAPHASE[1:0] SW1ABFREQ[1:0] - SW1ABILIM
24 SW1ABCONF R/W | 8'bxx00_xx00
X | X 0 ‘ 0 X | X 0 0
- SW2[6:0]
35 SW2VOLT R/W | 8'bOXXX_XXXX
0 X X ‘ X ‘ X | X | X X
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Table 120. Functional Page (continued)

Functional Block Requirements and Behaviors
Control Interface 12C Block Description

BITS[7:0]
Add | Register | oy | pefault 7 6 5 4 3 2 1 0
Name
- SW2STBY[6:0]
36 SW2STBY R/W | 8'bOxxx_XxXx
0 X X ‘ X ‘ X | X | X X
- SW20FF[6:0]
37 SW20FF R/W | 8'b0xxx_Xxxx
0 X X X X | X | X X
- - SW20MODE - SW2MODE[3:0]
38 SW2MODE R/W | 8'b0000_1000
0 0 0 0 1 | 0 0 0
SW2DVSSPEED[1:0] SW2PHASE[1:0] SW2FREQ[1:0] - SW2ILIM
39 SW2CONF R/W | 8'bxx01_xx00
X | X 0 ‘ 1 X | X 0 0
- SW3A[6:0]
3C SW3AVOLT R/W | 8'bOxxx_XxXx
0 X ‘ X ‘ X ‘ X | X | X X
- SW3ASTBY[6:0]
3D SW3ASTBY R/W | 8'bOxxx_XXXX
0 X ‘ X ‘ X ‘ X | X | X X
- SW3AOFF[6:0]
3E SW3AOFF R/W | 8'b0xxx_Xxxx
0 X X X X | X | X X
SW3AOMODE - SW3AMODE([3:0]
3F SW3AMODE R/W | 8'b0000_1000
0 0 0 0 1 | 0 0 0
SW3ADVSSPEED]1:0] SW3APHASE[1:0] SW3AFREQ[1:0] - SWB3AILIM
40 SW3ACONF R/W | 8'bxx10_xx00
X | X 1 ‘ 0 X | X 0 0
- SW3BI[6:0]
43 SW3BVOLT R/W | 8'bOxxx_XxXx
0 X ‘ X ‘ X ‘ X | X | X X
- SW3BSTBY[6:0]
44 SW3BSTBY R/W | 8'bOxxx_XXXX
0 X ‘ X ‘ X ‘ X | X | X X
- SW3BOFF[6:0]
45 SW3BOFF R/W | 8'b0Oxxx_XxXx
0 X X X X | X | X X
- - SW3BOMODE - SW3BMODE([3:0]
46 SW3BMODE R/W | 8'b0000_1000
0 0 0 0 1 | 0 0 0
SW3BDVSSPEED]1:0] SW3BPHASE[1:0] SW3BFREQ[1:0] - SW3BILIM
47 SW3BCONF R/W | 8'bxx10_xx00
X | X 1 0 X | X 0 0
- SWBST1STBYMODE[1:0] - SWBST1MODE[1:0] SWBST1VOLT[1:0]
66 SWBSTCTL R/W | 8'b0xx0_10xx
0 X ‘ X 0 1 | 0 X X
- - - VREFDDREN - - - -
6A VREFDDRCTL | R/W |8b000x_0000
0 0 0 X 0 0 0 0
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Table 120. Functional Page (continued)

BITS[7:0]
Add | Register | oy | Default 7 6 5 4 3 2 1 0
Name
- - - - - VSNVSVOLT[2:0]
6B VSNVSCTL | RMW |8'b0000_0xxx
0 0 0 0 0 0 | X ‘ X
- VGENILPWR [ VGEN1STBY | VGEN1EN VGEN1[3:0]
6C VGEN1CTL R/W | 8'b000x_xxxx
0 0 0 X X | X | X ‘ X
- VGEN2LPWR | VGEN2STBY | VGEN2EN VGEN2[3:0]
6D VGEN2CTL | R/W | 8'b000x_xxxx
0 0 0 X X | X | X ‘ X
- VGEN3LPWR [ VGEN3STBY | VGEN3EN VGEN3[3:0]
6E VGEN3CTL | R/W | 8'b000x_xxxx
0 0 0 X X | X | X ‘ X
- VGEN4LPWR | VGEN4STBY | VGEN4EN VGENA4[3:0]
6F VGEN4ACTL | R/W | 8'b000x_xxxx
0 0 0 X X | X | X ‘ X
- VGENSLPWR [ VGEN5STBY | VGENSEN VGENS5[3:0]
70 VGEN5SCTL | R/W | 8'b000x_xxxx
0 0 0 X X | X | X ‘ X
- VGENBLPWR | VGEN6STBY | VGENGEN VGENS6[3:0]
71 VGENBCTL | R/W | 8'b000x_xxxx
0 0 0 X X | X | X ‘ X
- - - PAGE[4:0]
7F Page Register | R/W |8b0000_0000
0 0 0 0 ‘ 0 | 0 | 0 ‘ 0
Table 121. Extended Page 1
BITS[7:0]
Address | Register Name | TYPE | Default
7 6 5 4 3 2 1 0
OTP FUSE
go | OTPFUSEREADT raw | 8000x ocx0 READEN
0 0 0 X X X X 0
START |RLPWBRTN | [FORCE | RipwreTL | RLOTP |RLOTPECC| RE OTF | RETRIM
84 OTP LOAD MASK | R/W | 8'b0000_0000
0 0 0 0 0 0 0 0

- - - ECC5_SE ECC4_SE | ECC3_SE | ECC2 SE | ECC1_SE

8A OTP ECC SE1 R 8'bxxx0_0000

X X X 0 0 0 0 0

- - - ECC10_SE ECC9_SE ECC8_SE ECC7_SE ECC6_SE
8B OTP ECC SE2 R 8'bxxx0_0000

X X X 0 0 0 0 0

- - - ECC5_DE ECC4_DE ECC3_DE ECC2_DE ECC1_DE
8C OTP ECC DE1 R 8'bxxx0_0000

X X X 0 0 0 0 0

- - - ECC10_DE ECC9_DE ECC8_DE ECC7_DE ECC6_DE
8D OTP ECC DE2 R 8'bxxx0_0000

X X X 0 0 0 0 0
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Table 121. Extended Page 1 (continued)
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BITS[7:0]
Address | Register Name | TYPE Default
5 4 | 3 l 2 l 1 l 0
SW1AB_VOLT[5:0]
A0 2l ':/g\li\!lj R R/W | 8'b00xx_xxxx | ‘ ‘ ‘
X X X X X X
SW1AB_SEQ[4:0]
A1 OTP SW1AB SEQ| R/W | 8'b000x_xxXx
0 X X ‘ X X ‘ X
- - SW1_CONFIG[1:0! SW1AB_FREQ[1:0;
A2 B> SIS RW | 8b0000_xxxx _ o e
CONFIG =
0 0 X ‘ X X ‘ X
SW2_VOLT[5:0]
AC OTP SW2 VOLT R/W | 8'b0xxx_xxxx
X X | X ‘ X ‘ X ‘ X
SW2_SEQ[4:0]
AD OTP SW2 SEQ R/W | 8'b000x_xxxx
0 X X X X ‘ X
- - - - SW2_FREQ[1:0]
AE OCTOPN?:Yéz R/W | 8'b0000_00xx
0 0 0 0 X ‘ X
SWB3A_VOLT[6:0]
BO OTP SW3AVOLT | R/W | 8'bOxxx_XxXxXx
X X | X ‘ X ‘ X ‘ X
SW3A_SEQ[4:0]
B1 OTP SW3A SEQ R/W | 8'b000x_xxxx
0 X X ‘ X X ‘ X
- - SW3_CONFIG[1:0 SWB3A_FREQ[1:0
B2 > SWEA RW | 8b0000_xxxx _ o i
CONFIG =
0 0 X ‘ X X ‘ X
SW3B_VOLT[6:0]
B4 OTP SW3B VOLT | R/W | 8'bOxxx_XXxXx
X X | X ‘ X ‘ X ‘ X
SW3B_SEQ[4:0]
B5 OTP SW3B SEQ R/W | 8'b000x_xxxx
0 X X X X ‘ X
- - - - SW3B_CONFIG[1:0]
B6 OgCP)S’\:/:IéB R/W | 8'b0000_00xx
0 0 0 0 X ‘ X
- - - - SWBST_VOLT[1:0]
BC OT'?/g\C{rBST R/W | 8'b0000_00xx
0 0 0 0 X ‘ X
- SWBST_SEQ[4:0]
BD OTP SWBST SEQ| R/W | 8b0000_xxxx
0 0 | X ‘ X ‘ X ‘ X
- - - VSNVS_VOLT[2:0]
Co OT%XE.’F‘ W& R/W | 8'b0000_0xxx
0 0 0 0 ‘ X ‘ X
- VREFDDR_SEQ[4:0]
C4 Ot READIDIR R/W | 8'b000x_x0xx
SEQ = 0 B N

X ‘ 0
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Control Interface 12C Block Description

Table 121. Extended Page 1 (continued)

BITS[7:0]
Address | Register Name | TYPE Default
4 | 3 l 2 l 1 | 0
- VGEN1_VOLT[3:0]
c8 OTf/gf.Fm RIW | 8'0000_xxxx ‘ ‘ ‘
0 X X X X
VGEN1_SEQ[4:0]
Cc9 |OTPVGEN1SEQ| RMW |8b000x xxxx
X | X ‘ X ‘ X ‘ X
- VGEN2_VOLT[3:0]
cc OTPVGENZ | oy | 8b0000_xxxx
VOLT = ‘ ‘ ‘
0 X X X X
VGEN2_SEQ[4:0]
CD |OTPVGEN2SEQ| RMW | 8b000x xxxx
X | X ‘ X ‘ X ‘ X
- VGEN3_VOLT[3:0]
DO OTPVGENS | vy | 8b0000_xxxx
VOLT = ‘ ‘ ‘
0 X X X X
VGEN3_SEQ[4:0]
DI |OTPVGEN3SEQ| RW |&b000x xxxx
X | X ‘ X ‘ X ‘ X
- VGEN4_VOLT[3:0]
D4 OTPVGEN4 | vy | 8b0000_xxxx
VOLT = ‘ ‘ ‘
0 X X X X
VGEN4_SEQ[4:0]
D5 |OTPVGEN4SEQ| RW |8b000x xxxx
X | X ‘ X ‘ X ‘ X
- VGENS5_VOLT[3:0]
D8 OTPVGENS | vy | 8b0000_xxxx
VOLT = ‘ ‘ ‘
0 X X X X
VGEN5_SEQ[4:0]
D9 |OTPVGEN5SEQ| RW | 8b000x xxxx
X | X ‘ X ‘ X ‘ X
- VGEN6_VOLT[3:0]
DC OTPVGENG | oy | 8b0000_xxxx
VOLT = ‘ ‘ ‘
0 X X X X
VGEN6_SEQ[4:0]
DD |OTPVGEN6SEQ| RW | 8b000x xxxx
X | X ‘ X ‘ X ‘ X
P‘g:fg:"— SWDVS_CLK1[1:0] SEQ_CLK_SPEED1[1:0]
EO |OTPPUCONFIG1| RMW | 8b000x xxxx
X X ‘ X X ‘ X
P‘g’:fgy— SWDVS_CLK2[1:0] SEQ_CLK_SPEED2[1:0]
E1  |OTPPUCONFIG2| RMW | 8b000x xxxx
X X ‘ X X ‘ X
Pl SWDVS_CLK3[1:0] SEQ_CLK_SPEED3[1:0]
E2 |OTPPUCONFIG3| RMW | 8b000x xxxx
X X ‘ X X ‘ X
PF0200
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Table 121. Extended Page 1 (continued)

BITS[7:0]
Address | Register Name | TYPE Default
7 6 5 4 3 2 1 0
PWRON_CFG
TR CERNTHE . - - - YOR SWDVS_CLK3_XOR SEQ_CLK_SPEED_XOR
E3 R 8'b000X_xxxx =
XOR -
0 0 0 X X X X X
TBB_POR SOFLBF;SE - - - - FUSE_POR1 -
E4(73) | OTP FUSEPOR1 | R/W |8b0000_00x0 =
0 0 0 0 0 0 x 0
RSVD RSVD - - - - FUSE_POR2 -
E5(73) | OTP FUSEPOR1 | R/W |8b0000_00x0
0 0 0 0 0 0 x 0
RSVD RSVD - - - - FUSE_POR3 -
£6(/3) | OTP FUSEPOR1 | R/W |8b0000_00x0
0 0 0 0 0 0 x 0
FUSE_POR
RSVD RSVD - - - - T -
OTP FUSE POR \ XOR
E7 SoR R | 8'b0000_00x0
0 0 0 0 0 0 x 0
- - - - - - - OTP_PG_EN
E8 OTP PWRGD EN | R/W/M | 8'0000_000x
0 0 0 0 0 0 x 0
B B B EN_ECC_ EN_ECC_ | EN_ECC_ | EN_ECC_ | EN_ECC_
= OTPENECCO | RW | 8b000x oo BANK5 BANK4 BANK3 BANK2 BANK1
0 0 0 X X X X X
B B B EN_ECC_ EN_ECC_ | EN_ECC_ | EN_ECC_ | EN_ECC_
- STTPENEEE RW | 85000x xx BANK10 BANK9 BANKS BANK?7 BANK6
0 0 0 X X X X X
- - - - RSVD
F4 OTP SPARE2_4 | RMW | 8'b0000_xxxx
0 0 0 0 X X ‘ X ‘ X
- - - - - RSVD
F5 OTP SPARE4_3 | R/W | 8'b0000_0xxx
0 0 0 0 0 X X ‘ X
- - - - - - RSVD
F6 OTP SPARE6_2 | R/W | 8'b0000_00xx
0 0 0 0 0 0 X X
- - - - - - - RSVD
F7 OTP SPARE7_1 | R/MW | 8'b0000_0xxx
0 0 0 0 0 X X X
- - - - - - - OTP_DONE
FE OTP DONE R/W | 8'b0000_000x
0 0 0 0 0 0 0 X
_ _ _ _ '/3353[% [2C_SLV ADDR[2:0]
FF OTP I2CADDR | RMW |8b0000_0xxx
0 0 0 0 1 X ‘ X ‘ X
Notes
73. In PF0200 It is required to set all of the FUSE_PORX bits to be able to load the fuses.
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Control Interface 12C Block Description

Table 122. Extended Page 2

BITS[7:0]
Address | Register Name | TYPE Default
7 ‘ 6 5 | 4 | 3 | 2 | 1 | 0
RSVD RSVD RSVD RSVD RSVD SW1AB_PWRSTG[2:0]
81 SW1AB PWRSTG | R/W |[8b1111_1111
1 1 1 1 1 1 ‘ 1 | 1
RSVD RSVD RSVD RSVD RSVD SW2_PWRSTG[2:0]
84 SW2 PWRSTG R [8b1111_1111
1 1 1 1 1 1 ‘ 1 | 1
RSVD RSVD RSVD RSVD RSVD SW3A_PWRSTG[2:0]
85 SW3A PWRSTG R [8b1111_1111
1 1 1 1 1 1 ‘ 1 | 1
RSVD RSVD RSVD RSVD RSVD SW3B_PWRSTG[2:0]
86 SW3B PWRSTG R [8b1111_1111
1 1 1 1 1 1 ‘ 1 | 1
FSLEXT_ PWRGD_
THERM_ SHDWN_ RSVD RSVD RSVD RSVD
87 PWRCTRL R |8b0111_1111| DISABLE DISABLE
0 0 1 1 1 1 1 1
OTP
- - - - - - PWRGD_EN =
88 PIIRGURL @i R |8'b0000_0001 SHDWN_EN
CTRL -
0 0 0 0 0 0 0 1
12C_WRITE_ADDRESS_TRAP[7:0]
12C WRITE - — -
8D RW | 8b0000_0000
ADDRESS TRAP 0 0 o o ‘ o ‘ o ‘ o | o
LEBT_II_ RSVD RSVD 12C_TRAP_PAGE[4:0]
8E 12C TRAP PAGE | R/W |8b0000_0000
0 0 0 0 ‘ 0 ‘ 0 ‘ 0 | 0
12C_WRITE_ADDRESS_COUNTER[7:0]
8F 12C TRAP CNTR | R/W |8b0000_0000
0 ‘ 0 0 ‘ 0 0 ‘ 0 0 | 0
SDA_DRV[1:0] SDWNB_DRV[1:0] INTB_DRV[1:0] RESETBMCU_DRV([1:0]
90 10 DRV R/W | 8'b00xx_xxxx
0 ‘ 0 X ‘ X X ‘ X X | X
_ _ _ AUTO_ECC | AUTO_ECC | AUTO_ECC_| AUTO_ECC |AUTO_ECC_
DO OTP AUTOECCO | RMW | 8b0000_0000 s Sl ElE SR A
0 0 0 0 0 0 0 0
B B B AUTO_ECC_ | AUTO_ECC | AUTO_ECC_ [ AUTO_ECCB | AUTO_ECC_
D1 OTP AUTOECC1 | RMW |8b0000_0000 TSI SN BT g SR
0 0 0 0 0 0 0 0
RSVD
D8 (74) Reserved - | 8b0000_0000
0 ‘ 0 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 | 0
RSVD
D9 (74) Reserved - | 8b0000_0000
0 ‘ 0 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 | 0
PF0200
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Table 122. Extended Page 2 (continued)

BITS[7:0]

Address | Register Name | TYPE Default
7 6 5 | 4 | 3 | 2 | 1 | 0

ECC1_EN_ | ECC1_CALC ECC1_CIN_TBB[5]

E1 OTPECCCTRLY | RW |&b0000_ooco|  '°8 —CIN
0 0 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 | 0
ECCTZB—BEN— ECC%—",:"ALC ECC2_CIN_TBB[5:0]
E2 OTPECCCTRL2 | RMW | &b0000_0000 -
0 0 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 | 0
SOTEAL | EEEE ECC3_CIN_TBB[5:0]
E3 OTPECC CTRL3 | RMW | &b0000_0000 -
0 0 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 | 0
Bl e ECC4_CIN_TBB[5:0]
E4 OTPECC CTRL4 | RMW | &b0000_0000 -
0 0 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 | 0
ECCS_EN_ | ECC5_CALC ECC5_CIN_TBB[5:0]
E5 OTPECC CTRL5 | RMW | 8b0000_0000 =
0 0 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 | 0
ECCO_EN_ | ECCO_CALC ECC6_CIN_TBB[5:0]
E6 OTPECC CTRL6 | RMW | 8b0000_0000 -
0 0 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 | 0
EC%TBEN— ECC%&‘ALC ECC7_CIN_TBB[5:0]
E7 OTPECC CTRL7 | RMW | 8b0000_0000 -
0 0 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 | 0
SOZLAL | EOCEEE ECC8_CIN_TBB[5:0]
E8 OTPECC CTRL8 | RMW | &b0000_0000 -
0 0 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 | 0
SOTEAL | Eed e ECC9_CIN_TBB[5:0]
E9 OTPECC CTRLO | RMW | &b0000_0000 -

0 0 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 | 0

ECC10_EN_ | ECC10_CAL ECC10_CIN_TBB[5:0]

EA |OTPECCCTRLI0| RW |8boo0o_oooo|  '°° c-on

0 0 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 | °

i - ] ~ ANTIFUSE1_ | ANTIFUSE1_ | ANTIFUSE_| - gyppses
F1 | OTPFUSECTRL1| RW |8b0000_0000

0 0 0 0 0 0 € 0

i - j ~ ANTIFUSE2_| ANTIFUSE2_ | ANTIFUSEZ_ | gypaes
F2 |OTPFUSECTRL2| RMW |8b0000_0000

0 0 0 0 0 0 0 0

] ~ - ~ ANTIFUSED_ | ANTIFUSES_ | ANTIFUSES. | gypages
F3 |OTPFUSECTRL3| RW |8b0000_0000

0 0 0 0 0 0 © 0

j B ~ _ ANTIFUSE4_ | ANTIFUSE®_| ANTIFUSEA. | gyppces
F4 |OTPFUSECTRL4| RW |8b0000_0000

0 0 0 0 0 0 0 0
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Table 122. Extended Page 2 (continued)

BITS[7:0]
Address | Register Name | TYPE Default

7 6 5 4 3 2 1 0

~ j ~ ~ ANTII;L;ISES_ AN'II'_IgL/iSDEs_ ANTI'I;\L/JVSEs_ EER
F5 OTP FUSE CTRL5 | R/W | 8'b0000_0000

0 0 0 0 0 0 © 0

B ~ ~ ~ ANTII':EL'\JISES_ AN'II'_IgL/iSDEG_ ANTI'I;\L/JVSEB_ NERCER
F6 OTP FUSE CTRL6 | R/W | 8b0000_0000

0 0 0 0 0 0 © 0

- - ~ ~ ANTIEL'\JISE7_ AN'II'_IIC:)LASDEL ANTIII;\L,JVSE7_ ERGET
F7 OTP FUSE CTRL7 [ R/W | 8b0000_0000

0 0 0 0 0 0 & 0

- - ~ ~ ANTII;[I{ISES_ ANTgl/iSDES_ ANTlE\L,JVSEs_ ERGER
F8 OTP FUSE CTRL8 | R/W | 8b0000_0000

0 0 0 0 0 0 € 0

- ] i ~ ANTIII-;L'\JISE97 ANTLZU§§99 ANT'E\L,JVSng BYPASS9
F9 OTP FUSE CTRLY | R/W | 8'b0000_0000 =

0 0 0 0 0 0 0 0

ANTIFUSE10 | ANTIFUSE10 | ANTIFUSE10
- _ - - BYPASS10
OTP FUSE \ = = -

FA e R/W | 8b0000_0000

0 0 0 0 0 0 0 0

Notes
74. Do not write in reserved registers.
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7 Typical Applications

71 Introduction

Figure 24 provides a typical application diagram of the PF0200 PMIC together with its functional components. For details on
component references and additional components such as filters, refer to the individual sections.

7.1.1  Application Diagram
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> Vi
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Figure 24. PF0200 Typical Application Schematic
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7.1.2 Bill of Material

The following table provides a complete list of the recommended components on a full featured system using the PF0200 Device.
Critical components such as inductors, transistors, and diodes are provided with a recommended part number, but equivalent
components may be used.

Table 123. Bill of Material (73

Value Qty Description Part# Manufacturer Component/Pin
PMIC
‘ 1 | Power management IC PF0200 Freescale
BUCK, SW1AB - (0.300-1.875V), 2.5 A
4x4x21
1.0 uH 1 IsaT = 4.5 A for 10% drop, XFL4020-102MEB Coilcraft Output Inductor
DCRMAX =11.9mQ
5x5x1.5
1.0 uH - Isat = 3.6 A for 10% drop, LPS5015_102ML Coilcraft a‘:tt:frgt”e‘;“cmr
DCRMAX =50 mQ
4x4x1.2 Output inductor
1.0uH - IsaT = 6.2 A, DCR = 37 mQ FDSDO412-H-1R0M Toko (Alternate)
0.1 uF —  |3x3x15,Ig57=45A DCR=39mQ  |74438335010 Wurth Elektronik Output Inductor
TH "1 TSAT TS (Alternate)
22 uF 4 10 V X5R 0805 LMK212BJ226MG-T Taiyo Yuden Output capacitance
4.7 uF 2 10 V X5R 0603 LMK107BJ475KA-T Taiyo Yuden Input capacitance
0.1 uF 1 10 V X5R 0402 C0402C104K8PAC Kemet Input capacitance
BUCK, SW2- (0.400-3.300 V), 1.5 A
4x4x1.2
1.0 uH 1 Isat = 2.8 A for 10% drop, LPS4012-102NL Coilcraft Output Inductor
DCRMAX =60 mQ
3x31.2
1.0 uH - IsaT = 2.5 A for 10% drop, XFL3012-102ML Coilcraft a‘:tt:frgt”e‘;“cmr
DCRMAX =42 mQ
4x4x1.2 Output inductor
1.0uH - IsaT = 6.2 A, DCR = 37 mQ FDSDO412-H-1ROM Toko (Alternate)
0.1 uF —  |3x3x15,Ig57=45A DCR=39mQ  |74438335010 Wurth Elektronik Output Inductor
TH "1 TSAT TS (Alternate)
22 uF 2 10 V X5R 0805 LMK212BJ226MG-T Taiyo Yuden Output capacitance
4.7 uF 1 10 V X5R 0603 LMK107BJ475KA-T Taiyo Yuden Input capacitance
0.1 uF 1 10 V X5R 0402 C0402C104K8PAC Kemet Input capacitance
BUCK, SW3AB - (0.400-3.300 V), 2.5 A
4x4x21
1.0 uH 1 IsaT =4.5 A for 10% drop, XFL4020-102MEB Coilcraft Output Inductor
DCRMAX =11.9 mQ
5x5x1.5
1.0 uH - IsaT = 3.6 A for 10% drop, LPS5015_102ML Coilcraft &:ttgr”nta't”e‘;ucmr
DCRMAX =50 mQ
PF0200
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Table 123. Bill of Material (7% (continued)

Typical Applications
Introduction

Value Qty Description Part# Manufacturer Component/Pin
1.0 uH - f’si:':xg_'; A DCR = 37 mQ FDSD0412-H-1ROM Toko a‘fttgf;;t”;“cmr
0.1 uF - 3x3x15,Igay=4.5A, DCR=39mQ | 74438335010 Wurth Elektronik Output Inductor

(Alternate)
22 uF 4 10 V X5R 0805 LMK212BJ226MG-T Taiyo Yuden QOutput capacitance
4.7 uF 2 10 V X5R 0603 LMK107BJ475KA-T Taiyo Yuden Input capacitance
0.1 uF 1 10 V X5R 0402 C0402C104K8PAC Kemet Input capacitance
BOOST, SWBST - 5.0 V, 600 mA
3x3x1.5
2.2 pH 1 Isat = 2.0 A for 10% drop, LPS3015-222ML Coilcraft Output Inductor
DCRyjax = 110 mQ
2.2 uH - ?Szf:;f A, DCR = 105 mo FDSD0312-H-2R2M Toko &‘ftt:f;;t”ed)“cmr
2.2 uH - 3x3x 1.5, Igar = 3.5 A, DCR = 94 mQ 74438335022 Wurth Elektronik Output Inductor
(Alternate)

22 uF 2 10 V X5R 0805 LMK212BJ226MG-T Taiyo Yuden Output capacitance
10 uF 1 10 V X5R 0805 C2012X5R1A106MT TDK Input capacitance
2.2 uF 1 6.3 V X5R 0402 C0402C225M9PACTU Kemet Input capacitance
0.1 uF 1 10 V X5R 0402 C0402C104K8PAC Kemet Input capacitance
1.0A 1 20 V SOD-123FL MBR120VLSFT1G ON Semiconductor Schottky Diode
LDO, VGEN1 - (0.80-1.55), 100 mA
2.2 pF 1 6.3 V X5R 0402 C0402C225M9PACTU Kemet Qutput capacitance
1.0 uF 1 10 V X5R 0402 CCO0402KRX5R6BB105 Yageo America Input capacitance

LDO, VGEN2 - (0.80-1.55), 250 mA

4.7 uF ‘ 1 | 6.3 V X5R 0402 C0402X5R6R3-475MNP Venkel Output capacitance
LDO, VGENS3 - (1.80-3.30), 100 mA

2.2 uF 1 6.3 V X5R 0402 C0402C225M9PACTU Kemet QOutput capacitance
1.0 uF 1 10 V X5R 0402 CC0402KRX5R6BB105 Yageo America Input capacitance

LDO, VGEN4 - (1.80-3.30), 350 mA

47 F ‘ 1 | 6.3V X5R 0402 CO402X5R6R3-475MNP | Venkel Output capacitance
LDO, VGENS - (1.80-3.30), 150 mA

2.2 uF 1 6.3 V X5R 0402 C0402C225M9PACTU Kemet Output capacitance
1.0 uF 1 10 V X5R 0402 CC0402KRX5R6BB105 Yageo America Input capacitance
LDO, VGENS - (1.80-3.30), 200 mA

‘ 22 uF ‘ 1 | 6.3V X5R 0402 ‘ C0402C225M9PACTU ‘ Kemet ‘ Output capacitance‘
LDO/Switch VSNVS - (1.1-3.3), 200 mA

‘ 0.47 uF ‘ 1 | 6.3V X5R 0402 ‘ C1005X5R0J474K ‘ TDK ‘ Output capacitance‘

Reference, VREFDDR - (0.20-1.65V), 10 mA
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Table 123. Bill of Material (7% (continued)

Value Qty Description Part# Manufacturer Component/Pin
1.0 uF 1 10 V X5R 0402 CC0402KRX5R6BB105 Yageo America Output capacitance
0.1 uF 2 |10V X5R 0402 C0402C104K8PAC Kemet v R
INTERNAL REFERENCES, VCOREDIG, VCOREREF, VCORE
1.0 uF 1 10 V X5R 0402 CCO0402KRX5R6BB105 Yageo America VCOREDIG
1.0 uF 1 10 V X5R 0402 CC0402KRX5R6BB105 Yageo America VCORE
0.22 uF 1 10 V X5R 0402 GRM155R61A224KE19D | Murata VCOREREF
COIN CELL
0.1 uF ‘ 1 | 10 V X5R 0402 C0402C104K8PAC Kemet LICELL
MISCELLANEOUS
0.1 uF 1 10 V X5R 0402 C0402C104K8PAC Kemet VDDIO
1.0 uF 1 10 V X5R 0402 CCO0402KRX5R6BB105 Yageo America VIN
100 kQ 1 1/16 W 0402 RK73H1ETTP1003F KOA SPEER PWRON
100 kQ 1 1/16 W 0402 RK73H1ETTP1003F KOA SPEER RESETBMCU
100 kQ 1 1/16 W 0402 RK73H1ETTP1003F KOA SPEER SDWN
100 kQ 1 1/16 W 0402 RK73H1ETTP1003F KOA SPEER INTB
Notes

75. Freescale does not assume liability, endorse, or warrant components from external manufacturers that are referenced in circuit drawings
or tables. While Freescale offers component recommendations in this configuration, it is the customer’s responsibility to validate their

application.

7.2 PF0200 Layout Guidelines

7.21

General Board Recommendations

1. Itis recommended to use an eight layer board stack-up arranged as follows:
* High current signal

« GND
+ Signal
» Power
» Power
+ Signal
« GND

+ High current signal
2. Allocate TOP and BOTTOM PCB Layers for POWER ROUTING (high-current signals), copper-pour the unused area.
3. Use internal layers sandwiched between two GND planes for the SIGNAL routing.

7.2.2 Component Placement

It is desirable to keep all component related to the power stage as close to the PMIC as possible, specially decoupling input and

output capacitors.

7.2.3 General Routing Requirements

PF0200
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1. Some recommended things to keep in mind for manufacturability:
* Viain pads require a 4.5 mil minimum annular ring. Pad must be 9.0 mils larger than the hole
* Maximum copper thickness for lines less than 5.0 mils wide is 0.6 oz copper
* Minimum allowed spacing between line and hole pad is 3.5 mils
* Minimum allowed spacing between line and line is 3.0 mils
2. Care must be taken with SWxFB pins traces. These signals are susceptible to noise and must be routed far away from
power, clock, or high power signals, like the ones on the SWxIN, SWx, SWxLX, SWBSTIN, SWBST, and SWBSTLX pins.
They could be also shielded.

3. Shield feedback traces of the regulators and keep them as short as possible (trace them on the bottom so the ground and
power planes shield these traces).

4. Avoid coupling traces between important signal/low noise supplies (like REFCORE, VCORE, VCOREDIG) from any
switching node (i.e. SW1ALX, SW1BLX, SW2LX, SW3ALX, SW3BLX, and SWBSTLX).

5. Make sure that all components related to a specific block are referenced to the corresponding ground.

7.2.4 Parallel Routing Requirements

1. 12C signal routing
» CLK is the fastest signal of the system, so it must be given special care.
» To avoid contamination of these delicate signals by nearby high power or high frequency signals, it is a good
practice to shield them with ground planes placed on adjacent layers. Make sure the ground plane is uniform
throughout the whole signal trace length.

DO DON'T!

Figure 25. Recommended Shielding for Critical Signals

+ These signals can be placed on an outer layer of the board to reduce their capacitance with respect to the ground
plane.

» Care must be taken with these signals not to contaminate analog signals, as they are high frequency signals.
Another good practice is to trace them perpendicularly on different layers, so there is a minimum area of proximity
between signals.
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7.2.5 Switching Regulator Layout Recommendations

1. Per design, the switching regulators in PF0200 are designed to operate with only one input bulk capacitor. However, it is

recommended to add a high-frequency filter input capacitor (CIN_hf), to filter out any noise at the regulator input. This
capacitor should be in the range of 100 nF and should be placed right next to or under the IC, closest to the IC pins.

2. Make high-current ripple traces low-inductance (short, high W/L ratio).

J\SWXIN

\/
—— Cn

_L_[ Cnve  —
SWx

3. Make high-current traces wide or copper islands.

||->
—
L SWXLX %
Driver Controller '_CJ o
- L
& L
t Cour
ry =
A4
SWxFB
)
\/

Compensation

Figure 26. Generic Buck Regulator Architecture

Route FB trace on any layer
away from noisy nodes

SWxLX

[

Figure 27. Recommended Layout for Buck Regulators
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7.3 Thermal Information

7.3.1 Rating Data

The thermal rating data of the packages has been simulated with the results listed in Table 4.

Junction to Ambient Thermal Resistance Nomenclature: the JEDEC specification reserves the symbol Rg p or 6JA (Theta-JA)
strictly for junction-to-ambient thermal resistance on a 1s test board in natural convection environment. Rg s or 8JMA (Theta-
JMA) will be used for both junction-to-ambient on a 2s2p test board in natural convection and for junction-to-ambient with forced
convection on both 1s and 2s2p test boards. It is anticipated that the generic name, Theta-JA, will continue to be commonly used.

The JEDEC standards can be consulted at http://www.jedec.org.

7.3.2 Estimation of Junction Temperature

An estimation of the chip junction temperature T can be obtained from the equation:
Ty=Ta + (Rgya X Pp)

with:

Ta = Ambient temperature for the package in °C

Rgya = Junction to ambient thermal resistance in °C/W

Pp = Power dissipation in the package in W

The junction to ambient thermal resistance is an industry standard value that provides a quick and easy estimation of thermal
performance. Unfortunately, there are two values in common usage: the value determined on a single layer board Rg ;s and the
value obtained on a four layer board Rgjya. Actual application PCBs show a performance close to the simulated four layer board
value although this may be somewhat degraded in case of significant power dissipated by other components placed close to the
device.

At a known board temperature, the junction temperature T is estimated using the following equation

T,=Tg * (Rgyg X Pp) with

Tg = Board temperature at the package perimeter in °C

Rgyg = Junction to board thermal resistance in °C/W

Pp = Power dissipation in the package in W

When the heat loss from the package case to the air can be ignored, acceptable predictions of junction temperature can be made.
See Functional Block Requirements and Behaviors for more details on thermal management.
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Packaging Dimensions

8

8.1

Packaging

Packaging Dimensions

Package dimensions are provided in package drawings. To find the most current package outline drawing, go to
www.freescale.com and perform a keyword search for the drawing’s document number. See the Thermal Characteristics section

for specific thermal characteristics for each package.

Table 124. Package Drawing Information

Package Suffix Package Outline Drawing Number
56 QFN 8x8 mm - 0.5 mm pitch. EP 98ASA00405D
E-Type (full lead)
56 QFN 8x8 mm - 0.5 mm pitch. ES 98ASA00589D

WEF-Type (wettable flank)

PF0200
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NOTE:

1. ALL DIMENSIONS ARE IN MILLIMETER

AND 0,30 MM FROM TERMINAL TIP.

THE TERMINALS.

> [ e
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THIS DIMENSION APPLIES ONLY FOR TERMINALS.

Packaging

Packaging Dimensions
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NOTES:
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Revision History
Packaging Dimensions

REVISION

DATE

DESCRIPTION OF CHANGES

3.0

2/2014

Initial release

4.0

5/2014

Corrected VDDOTP maximum rating

Corrected SWBSTFB maximum rating

Added note to clarify SWBST default operation in Auto mode
Changed VSNVS current limit

Noted that voltage settings 0.6 V and below are not supported
VSNVS Turn On Delay (tp1) spec corrected from 15 ms to 5.0 ms

5.0

7/2014

Updated VTL1, VTH1 and VSNVSCROSS threshold specifications
Updated per GPCN 16369
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