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MAX20360

General Description

The MAX20360 is a highly integrated and programmable
power management solution designed for ultra-low-power
wearable applications. It is optimized for size and efficien-
cy to enhance the value of the end product by extending
battery life and shrinking the overall solution size. A flex-
ible set of power-optimized voltage regulators, including
multiple buck, boost and buck-boost converters, and lin-
ear regulators, provides a high level of integration and the
ability to create a fully optimized power architecture. The
quiescent current of each regulator is ultra-low targeted at
extending battery life in always-on applications.

The MAX20360 includes a complete battery management
solution with battery seal, charger, power path, and fuel
gauge. Both thermal management and input protection
are built into the charger. The device also includes a facto-
ry programmable button controller with multiple inputs that
are customizable to fit specific product UX requirements.

Three integrated LED current sinks are included for indica-
tor or backlighting functions, and an ERM/LRA driver with
automatic resonance tracking is capable of providing so-
phisticated haptic feedback to the user. A low noise, 1.5W
buck-boost converter provides a clean way to power LEDs
commonly used in optical heart-rate systems. The device
is configurable through an 12C interface that allows for pro-
gramming various functions and reading the device status,
including the ability to read temperature and supply volt-
ages with the integrated ADC. This device is available in
a 72-bump, 0.5mm pitch, 4.88mm x 4.19mm, wafer-level
package (WLP) and operates over the -40°C to +85°C ex-
tended temperature range.

Applications

e Wearable Devices
e loT
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PMIC with Ultra-Low Ig Regulators, Charger,

Fuel Gauge, and Haptic Driver for
Small Li+ System

Benefits and Features

e Extend Battery-Use Time Between Battery Charging
» 2 x Micro-lg, 400mA Buck Regulators (330nA Iq
typ each)

* 0.550V to 1.180V in 10mV Steps
* 0.550V to 2.125V in 25mV Steps
* 0.550V to 3.700V in 50mV Steps
» Micro-lg, 600mA Buck Regulator (330nA Iq typ)

+ 0.550V to 1.180V in 10mV Steps
* 0.550V to 2.125V in 25mV Steps
+ 0.550V to 3.700V in 50mV Steps
* Micro-Iq LV LDO/Load Switch (1pA Iq typ)

* 1.0V to 2.0V Input Voltage
* 50mA Output
+ 0.5V to 1.95V Output, 25mV Steps
* Micro-lg LDO/Load Switch (1pA Iq typ)

* 1.71V to 5.5V Input Voltage
* 100mA Output
* 0.9V to 4V, 100mV Steps
* Micro-lg Buck-Boost Regulator (2pA Iq typ)

* 1.5W Output
+ 2.6V to5Vin 50mV Steps

e Easy-to-Implement Li+ Battery Charging
+ Wide Fast Charge Current Range: 5mA to 500mA
» 28V/-5.5V Tolerant Input
+ Programmable JEITA Current/Voltage Profiles

e Minimize Solution Footprint through High Integration
+ 3.3V or 5.0V Safe Output LDO
* 15mA When CHGIN Present
+ ERM/LRA Haptic Driver
» Automatic Braking (LRA Only)
» Automatic Resonance Tracking (LRA only)

e Supports a Wide Variety of Display Options
* Micro-lq Boost Regulator (2.4pA Iq typ)

+ 300mW Output
* 5V to 20V in 250mV Steps
+ 3-Channel Current Sinks
+ 20V Tolerant
» Programmable from 0.6mA to 30mA
* Optimize System Control
» Programmable Push-Button Controller
* Programmable Supply Sequencing
» Factory Shelf Mode
+ On-Chip Voltage/Charge Current Monitor Mux
and Analog-to-Digital Converter (ADC)

Ordering Information appears at end of data sheet.
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MAX20360

Absolute Maximum Ratings
(All voltages referenced to GSUB, unless otherwise noted) ........

CHGIN ..o -6.0V to +30.0V
SYS, BAT, SDA, SCL, TPU, IVMON, RST, INT, PFN_, HDIN,
L2IN, LSW_IN, BBOUT, FGBAT .......cccevvvrvrrennn. -0.3V to +6.0V
THM...ooo -0.3V to min(VgggaT *+ 0.3V, +6.0V)
ALRT oo -0.3V to +17.0V
CAP, SFOUT .....coccvvvenn. -0.3V to min(|VcHgIN| + 0.3V, +6.0V)
LAIN, VDIG ..o -0.3Vto +2.2V

MPC_, BK_LX, BK_OUT, BBLVLX, BSTLVLX, CPN.......-0.3V to
(Vsys +0.3V)

DRP, DRN ....cooovvvernreererenenn. -0.3V to min(Vypn + 0.3V, +6.0V)
BBHVLX ..o -0.3V to min(VggouT + 0.3V, +6.0V)
(K513 P -0.3V to min(VgaT + 0.3V, Vgys + 0.3V, +6.0V)
I 1U 2 OO -0.3V to (VN +0.3V)
LSW_OUT oo -0.3V to (Vi sw IN + 0.3V)
CPP oo (Vcpn - 0.3V) to (Vop + 6.0V)
CPOUT ...ovvernannn. (Vepp - 0.3V) to min(Vepp + 6.0V, +12.0V)

PMIC with Ultra-Low I Regulators, Charger,

Fuel Gauge, and Haptic Driver for
Small Li+ System

BSTHVLX, BSTOUT, LED_.....ccccoeiiiiiieieee -0.3V to +22.0V
BK_GND, BSTGND, BBGND, HDGND, AGND, DGND .. -0.3V to

+0.3V
CSN, CSPH ..ot -0.3V to (VEgBaT * 0.3V)
Continuous Current into BK_OUT, BK_LX, BBLVLX, BBHVLX,
BBOUT, BSTLVLX, BSTHVLX, BSTOUT .......cccccvvieene +660mMA
Continuous Currentinto L_IN, L_OUT........ccccecoeriiinnnenn. +250mA
Continuous Current into SW_IN, SW_OUT .........c.cc........ +140mA
Continuous Current into BAT, SYS, CHGIN +1000mA
Continuous Current into DRP, DRN, HDIN...............c....... +600mA
Continuous Current into Any Other Terminal................... +100mA
Continuous Power Dissipation (Multilayer Board) (Ta = +70°C,
derate 32.53mW/°C above +70°C.) ......ccecvreenrenieencnne 2602mw
Operating Temperature Range.............cccccceeeeueeen. -40°C to +85°C
Storage Temperature Range ..........c.ccccoeeeeeene. -65°C to +150°C
Soldering Temperature (reflow) .......cccccooveeveiicieeiieeene +260°C

Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only, and functional operation of the
device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to absolute maximum rating conditions for

extended periods may affect device reliability.

Package Information

72 WLP
Package Code W724A4+1
Outline Number 21-100373
Land Pattern Number Refer to
THERMAL RESISTANCE, FOUR-LAYER BOARD
Junction-to-Ambient (8a) | 30.74°CW

For the latest package outline information and land patterns (footprints), go to www.maximintegrated.com/packages.
Note that a “+”, “#”, or “-” in the package code indicates RoHS status only. Package drawings may show a different
suffix character, but the drawing pertains to the package regardless of RoHS status.

Package thermal resistances were obtained using the method described in JEDEC specification JESD51-7, using a
four-layer board. For detailed information on package thermal considerations, refer to www.maximintegrated.com/

thermal-tutorial.

Electrical Characteristics

(VBAT = VFGBAT = Vsys_uvLo (falling) to +5.5V, VcHgiN = unconnected or VoHGIN_DET to +28.0V, T = -40°C to +85°C, unless
otherwise noted. Typical values are at Tp = +25°C, VgaT = 3.7V, VcHGIN = 5.0V, CcHaIN_EFF = 1UF, Cvpig_EFF = 1UF, Ccap EFF
= 1uF, Csys_err = 10uF, CpaT EFF = 1WF, Cek_ouT EFF = 10pF, CL_N = 1WF, C_out EFF = 1HF, CeeouT EFF = 8.84F,
CesTouT _EFF = 10uF, Lgk_ouT = 2.2uH, LegouT = 2.2pH, LgsTtouT = 4.7uH. Limits are 100% tested at T = +25°C.) (Note 1)

PARAMETER | symBoL | CONDITIONS MIN TYP MAX | UNITS
GLOBAL SUPPLY CURRENT
VcHaIN = 5V, ON mode, Charger
disabled, THM monitoring disabled,
CHGIN Input Current ICHGIN | SFOUT disabled LDO2 disabled. &l 0.81 mA
other rails disabled

www.maximintegrated.com
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Electrical Characteristics (continued)
(VBAT = VFGBAT = Vsys_uvLo (falling) to +5.5V, Vcygin = unconnected or VoHGIN_DET to +28.0V, T = -40°C to +85°C, unless
otherwise noted. Typical values are at Tp = +25°C, VBaT = 3.7V, VcHaIN = 5.0V, CcHaIN_EFF = 1UF, Cvpig_EFF = 1UF, Ccap_EFF
= 1uF, Csys err = 10uF, CgaT EFF = 1WF, Ck_out EFF = 10uF, C_ N = 1uF, C_out erFr = 1uF, CeeouTt EFF = 8.8F,

CpsTouT_EFF = 10uF, Lpk_ouT = 2.2uH, LeeouT = 2.2uH, LesTouT = 4.7uH. Limits are 100% tested at Tp = +25°C.) (Note 1)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
VcHaGIN = 0V, SEAL mode, LDO2 025
disabled '
VcHaIN = 0V, OFF mode, LDO2 enabled,
L2IN connected to BAT, Fuel Gauge 1.50
contribution not included
VcHaIN = 0V, Battery Recovery (BR)
mode, LDO2 disabled, Fuel Gauge 1.35
contribution not included
VcHaIN = 0V, ON mode, LDO2 disabled,
all other rails disabled, Fuel Gauge 1.50
BAT Input Current AT contribution not included uA
VcHaIN = 0V, ON mode, LDO2 disabled,
Buck1 enabled, all other rails disabled, 1.87
Fuel Gauge contribution not included
VcHaIN = 0V, ON mode, LDO2 disabled,
Buck1 enabled, Buck2 enabled, all other 219
rails disabled, Fuel Gauge contribution ’
not included
VcHaIN = 0V, ON mode, LDO2 disabled,
Buck1 enabled, Buck2 enabled, Buck3 269
enabled, all other rails disabled, Fuel ’
Gauge contribution not included
INTERNAL SUPPLIES, UVLOS, AND BAT OCP
Vceint OTP OK VceInT rising (Note 2) 2.92 3.25
Threshold / Startup VCCINT_OTP_ ] \%
Voltage OK VceinT falling (Note 2) 2.60 2.90
Vhie OTP OK Vpig rising 1.52 1.62
Therold VDIG_OTP_OK , v
resho Vpg falling 1.41 1.51
Veeint UVLO v VceInT rising (Note 2) 2.20 245 2.75 v
Threshold (POR) CCINT_UVLO Iy, -\t falling (Note 2) 2.15 2.40 2.70
VceInT UVLO
Threshold (POR) VCCINT_UVLO | (Note 2) 50 mv
Hysteresis H
Internal VDIG Regulator Vpic 1.71 1.80 1.89 V
Vrue UVLO Threshold v Vpg rising 1.59 1.73 v
resho
DIG DIG_UVLO 'y 5 falling 1.51 1.61
Vpig UVLO Threshold
Hysteresis VDIG_UVLO_H 100 mV
Internal CAP Regulator VcarP VcHGIN = 4.3V to 28.0V 3.75 4.10 4.55 V
Vv =V risin 3.15 3.40 3.60
CAP Detect Threshold Veap peT  CHGIN = YCAP TISING v
- VcHaGIN = Veap falling 2.60 2.80 3.00
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Electrical Characteristics (continued)
(VBAT = VFGBAT = Vsys_uvLo (falling) to +5.5V, Vcygin = unconnected or VoHGIN_DET to +28.0V, T = -40°C to +85°C, unless
otherwise noted. Typical values are at Tp = +25°C, VBaT = 3.7V, VcHaIN = 5.0V, CcHaIN_EFF = 1UF, Cvpig_EFF = 1UF, Ccap_EFF

= 1uF, Csys err = 10uF, CgaT EFF = 1WF, Ck_out EFF = 10uF, C_ N = 1uF, C_out erFr = 1uF, CeeouTt EFF = 8.8F,
CpsTouT_EFF = 10uF, Lpk_ouT =2.2uH, LpeouT = 2.2pH, LgsTouT = 4.7uH. Limits are 100% tested at Ta = +25°C.) (Note 1)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
CAP Detect Threshold
Hysteresis VCAP_DET_H 600 mv
CHGIN Detect v VGHGIN rising 4.00 4.15 4.30 Vv
Threshold CHGIN_DET 'y 1o falling 3.20 3.30 3.40
CHGIN Detect VCHGIN DET
Threshold Hysteresis H 850 mV
CHGIN Detection ¢ CHGIN insertion 108 ms
Debounce Time CHGINDET ' cHGIN detachment 100
Vgys rising,
VSysUvlo = 00 2.65 2.75 2.85
Vgys falling,
VSysUvlo = 00 260 270 280
Device Specific \Y falling,
SYS UVLO Threshold VSYS_UVLO | (en0 Tabl‘; ) V§§§UVIO So ] 2.80 2.90 3.00 Vv
Vgys falling,
VSysUvlo = 10 2.90 3.00 3.10
Vgys falling,
VSysUvlo = 11 3.10 3.20 3.30
SYS UVLO Threshold
Hysteresis Vsys_uvLo_H 50 mV
SYS UVLO Falling tsys uvLo F .
Debounce Time o Vsys falling 20 HS
Isys rising, threshold from 200mA to
400mA in 200mA steps, device specific -50 +50
BAT OCP Threshold IBAT Oocp_Ac | (see IBatOc in Table 8) %
Accuracy c Isys rising, threshold from 600mA to
1.6A in 200mA steps, device specific (see -40 +40
IBatOc in Table 8)
BAT OCP Threshold | 7 o
Hysteresis BAT_OCP_H °
BAT OCP Rising t I risin 50 ms
Debounce Time BAT_OCP_RD SYS g
OVP AND INPUT CURRENT LIMITER
CHGIN Overvoltage -
Threshold 9 VCHGIN_ov | VCHGIN rising 7.2 7.5 7.8 V
CHGIN Overvoltage
Threshold Hysteresis VCHGIN_OV_H 200 mV
CHGIN-SYS Valid Tri V L
Point P CHG'T“L_SYS_ VeHaIN - Vsys rising 30 145 290 mV
CHGIN-SYS Valid Trip VCHGIN_SYS_ 275 mv
Point Hysteresis TP _H
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MAX20360 PMIC with Ultra-Low I Regulators, Charger,
Fuel Gauge, and Haptic Driver for
Small Li+ System

Electrical Characteristics (continued)

(VBAT = VFGBAT = Vsys_uvLo (falling) to +5.5V, Vcygin = unconnected or VoHGIN_DET to +28.0V, T = -40°C to +85°C, unless
otherwise noted. Typical values are at Tp = +25°C, VBaT = 3.7V, VcHaIN = 5.0V, CcHaIN_EFF = 1UF, Cvpig_EFF = 1UF, Ccap_EFF
= 1uF, Csys err = 10uF, CgaT EFF = 1WF, Ck_out EFF = 10uF, C_ N = 1uF, C_out erFr = 1uF, CeeouTt EFF = 8.8F,
CpsTouT_EFF = 10uF, Lpk_ouT = 2.2uH, LeeouT = 2.2uH, LesTouT = 4.7uH. Limits are 100% tested at Tp = +25°C.) (Note 1)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
t < ULIM_BLANK: 400 450 500
Input Overcurrent Max I MAX Device Specific ILimMax = 0 mA
Limit — see Table 8
( ) t< ULIM_BLANK: 800 1000 1250
ILimMax = 1
ILimCntl = 000 50
ILimCntl = 001 90
ILimCntl = 010 150
ILimCntl = 011 200
Input Current Limit ILim - mA
ILimCntl = 100 300
ILimCntl = 101 400
ILimCntl = 110 400 450 500
ILimCntl = 111 900 1000 1100
ILimBlank = 00 0.0
Input Current-Limit ¢ ILimBlank = 01 0.5 ms
Blanking Time ILIM_BLANK )| imBlank = 10 1.0
ILimBlank = 11 10.0
VBAT_R BAT_R
SYS Regulation Voltage | Vsys Rec EG + VBfB—gg EG * Y,
014 G7% 0.26
SYS Regulation-Voltage | VCHGIN_SYS_ 40 mv
Dropout REG
CHGIN to SYS On
Resistance RCHGIN_sYs 0.37 0.66 Q
Input Current Soft-Start t 1 ms
Time ILIM_SFT
TShdn = 000 50
TShdn = 001 60
TShdn =010 70
Thermal Shutdown Device Specific TShdn =011 80 .
TCHG_SHDN — C
Temperature (see Table 8) TShdn = 100 90
TShdn =101 100
TShdn =110 110
TShdn =111 120
CHGIN Boot Retry tcHe RETRY | ChgAlwTry = 1, Device Specific (see
) — - 0.5 S
Timeout T™O Table 8)
BATTERY CHARGER
BAT to SYS On
Resistance RBAT svs VBaT = 4.2V, IgaT = 300mA 80 140 mQ
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MAX20360

PMIC with Ultra-Low I Regulators, Charger,
Fuel Gauge, and Haptic Driver for
Small Li+ System

Electrical Characteristics (continued)

(VBAT = VFGBAT = Vsys_uvLo (falling) to +5.5V, Vcygin = unconnected or VoHGIN_DET to +28.0V, T = -40°C to +85°C, unless
otherwise noted. Typical values are at Tp = +25°C, VBaT = 3.7V, VcHaIN = 5.0V, CcHaIN_EFF = 1UF, Cvpig_EFF = 1UF, Ccap_EFF
= 1uF, Csys err = 10uF, CgaT EFF = 1WF, Ck_out EFF = 10uF, C_ N = 1uF, C_out erFr = 1uF, CeeouTt EFF = 8.8F,
CpsTouT_EFF = 10uF, Lpk_ouT = 2.2uH, LeeouT = 2.2uH, LesTouT = 4.7uH. Limits are 100% tested at Tp = +25°C.) (Note 1)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Toves ©
.;B_hA;;ﬁdes Switch On VBAT Sys_oON | Vsys falling, measured as VBaT - Vgys 10 19 35 mV
.?ﬁ;;ﬁj;s Switch Off VBAT—'S:YS—OF Vgys rising, measured as VgaT - Vsys -3 -1 0 mV
gzrsretr?t??Ae-lc—iLi‘,Tiirr?e Vsys BAT RE | Measured as Vgys - VBaT, SysMinVit = 100 mv
Threshold G 000, Vpar > 3.6V

SysMinVIt = 000 3.6
SysMinVIt = 001 3.7
SysMinVIt =010 3.8
Minimum SYS Voltage Vsys LM VBaT < 3.4V SysMinVit = 011 39 Vv
- SysMinVIt = 100 4.0
SysMinVIt = 101 4.1
SysMinVit =110 4.2
SysMinVIt = 111 43
Charggr Current Soft- YCHG SFT 1 ms
Start Time _
IPChg = 00 0.05x
IFcHG
IPChg = 01 0.09 x 0.10 x 0.1 x
Precharge Current IpcHG IFete IFehe IFete mA
IPChg = 10 0.20 x
IFcHG
IPChg = 11 0-30
IFcHG
VPChg = 000 2.10
VPChg =001 2.25
VPChg =010 240
Precharge Threshold VBAT PCHG | VBAT rising VPChg = 011 255 V
- VPChg = 100 2.70
VPChg =101 2.85
VPChg =110 3.00
VPChg =111 3.15
e ™| Vot o o mv
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MAX20360

PMIC with Ultra-Low I Regulators, Charger,
Fuel Gauge, and Haptic Driver for
Small Li+ System

Electrical Characteristics (continued)

(VBAT = VFGBAT = Vsys_uvLo (falling) to +5.5V, Vcygin = unconnected or VoHGIN_DET to +28.0V, T = -40°C to +85°C, unless
otherwise noted. Typical values are at Tp = +25°C, VBaT = 3.7V, VcHaIN = 5.0V, CcHaIN_EFF = 1UF, Cvpig_EFF = 1UF, Ccap_EFF
= 1uF, Csys err = 10uF, CgaT EFF = 1WF, Ck_out EFF = 10uF, C_ N = 1uF, C_out erFr = 1uF, CeeouTt EFF = 8.8F,
CpsTouT_EFF = 10uF, Lpk_ouT = 2.2uH, LeeouT = 2.2uH, LesTouT = 4.7uH. Limits are 100% tested at Tp = +25°C.) (Note 1)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
ChgStepRise =
0000 3.80
ChgStepRise =
0001 3.85
ChgStepRise =
0010 3.90
ChgStepRise =
0011 3.95
ChgStepRise =
0100 4.00
ChgStepRise =
0101 4.05
ChgStepRise =
0110 410
gr?ftepRlse = 415
Step-Charge Threshold | VBAT sTPcCHG | VBAT rising - \%
- ChgStepRise = 4.20
1000 )
ChgStepRise =
1001 4.25
ChgStepRise =
1010 4.30
ChgStepRise =
1011 4.35
ChgStepRise =
1100 4.40
ChgStepRise =
1101 4.45
ChgStepRise =
1110 4.50
ChgStepRise =
1111 4.55
ChgStepHys = 000 100
ChgStepHys = 001 200
Step-Charge Threshold | VgaT stpcHg | ChgStepHys = 010 300 iy
Hysteresis _H ChgStepHys = 011 400
ChgStepHys = 100 500
ChgStepHys = 101 600
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MAX20360

PMIC with Ultra-Low I Regulators, Charger,

Electrical Characteristics (continued)

(VBAT = VFGBAT = Vsys_uvLo (falling) to +5.5V, Vcygin = unconnected or VoHGIN_DET to +28.0V, T = -40°C to +85°C, unless
otherwise noted. Typical values are at Tp = +25°C, VBaT = 3.7V, VcHaIN = 5.0V, CcHaIN_EFF = 1UF, Cvpig_EFF = 1UF, Ccap_EFF
= 1uF, Csys err = 10uF, CgaT EFF = 1WF, Ck_out EFF = 10uF, C_ N = 1uF, C_out erFr = 1uF, CeeouTt EFF = 8.8F,
CpsTouT_EFF = 10uF, Lpk_ouT = 2.2uH, LeeouT = 2.2uH, LesTouT = 4.7uH. Limits are 100% tested at Tp = +25°C.) (Note 1)

Fuel Gauge, and Haptic Driver for

Small Li+ System

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
0.2 x
ChglStep = 000
geep IFcHG
0.3 x
ChglStep = 001
geep IFcHG
0.4 x
ChglStep =010
gtep IFcHG
Fast-Charge Current ChalStep = 011 0.5 x
Reduction Due to Step IFCHG_STPCH g>iep IFCHG mA
Charge G 0.6 x
ChglStep = 100 |
FCHG
0.7 x
ChglStep = 101
geep IFcHG
0.8 x
ChglStep =110
gtep IFcHG
ChglStep = 111 IFCcHG
ISET Current Gain
Factor KISET 2000 A/A
ISET Regulation Voltage VISET \%
RiseT = 400kQ 5
BAT Fast-Charge _
Current Set Range IFcHG RISET = 40kQ 45 50 55 mA
RiseT = 4kQ 500
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MAX20360

PMIC with Ultra-Low I Regulators, Charger,
Fuel Gauge, and Haptic Driver for
Small Li+ System

Electrical Characteristics (continued)

(VBAT = VFGBAT = Vsys_uvLo (falling) to +5.5V, Vcygin = unconnected or VoHGIN_DET to +28.0V, T = -40°C to +85°C, unless
otherwise noted. Typical values are at Tp = +25°C, VBaT = 3.7V, VcHaIN = 5.0V, CcHaIN_EFF = 1UF, Cvpig_EFF = 1UF, Ccap_EFF

= 1uF, Csys err = 10uF, CgaT EFF = 1WF, Ck_out EFF = 10uF, C_ N = 1uF, C_out erFr = 1uF, CeeouTt EFF = 8.8F,

CpsTouT_EFF = 10uF, Lpk_ouT = 2.2uH, LeeouT = 2.2uH, LesTouT = 4.7uH. Limits are 100% tested at Tp = +25°C.) (Note 1)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
ChgBatReg = 0000 4.0500
ChgBatReg = 0001 4.1000
ChgBatReg = 0010 41500
Ta=25°C 4.1853 4.2000 4.2147
ChgBatReg = 0011 | Ta =-5°C to +50°C | 4.1769  4.2000  4.2231
4.1622 4.2000 4.2378
ChgBatReg = 0100 4.2500
ChgBatReg = 0101 4.3000
Battery-Regulation ChgBatReg = 0110 4.3500
Voltage VBAT_REG Ta=25°C 43846  4.4000  4.4154 v
ChgBatReg = 0111 | Tp =-5°C to +50°C | 4.3758 4.4000 4.4242
4.3604 4.4000 4.4396
Ta=25°C 4.4344 4.4500 4.4656
ChgBatReg = 1000 | Tp =-5°C to +50°C 4.4255 4.4500 4.4745
4.4099 4.4500 4.4901
ChgBatReg = 1001 4.5000
ChgBatReg = 1010 4.5500
ChgBatReg = 1011 4.6000
ChgBatReChg = 00 70
Battery-Recharge VBAT RECHG ChgBatReChg = 01 120 -y
Threshold - ChgBatReChg = 10 170
ChgBatReChg = 11 220
PChgTmr =00 30
Maximum Precharge tpoHe PChgTmr = 01 60 min
Time PChgTmr = 10 120
PChgTmr = 11 240
FChgTmr = 00 75
Maximum Fast-Charge FChgTmr = 01 150 .
Time tFcHa FChgTmr = 10 300 min
FChgTmr = 11 600
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MAX20360

PMIC with Ultra-Low I Regulators, Charger,
Fuel Gauge, and Haptic Driver for
Small Li+ System

Electrical Characteristics (continued)

(VBAT = VFGBAT = Vsys_uvLo (falling) to +5.5V, Vcygin = unconnected or VoHGIN_DET to +28.0V, T = -40°C to +85°C, unless
otherwise noted. Typical values are at Tp = +25°C, VBaT = 3.7V, VcHaIN = 5.0V, CcHaIN_EFF = 1UF, Cvpig_EFF = 1UF, Ccap_EFF
= 1uF, Csys err = 10uF, CgaT EFF = 1WF, Ck_out EFF = 10uF, C_ N = 1uF, C_out erFr = 1uF, CeeouTt EFF = 8.8F,
CpsTouT_EFF = 10uF, Lpk_ouT = 2.2uH, LeeouT = 2.2uH, LesTouT = 4.7uH. Limits are 100% tested at Tp = +25°C.) (Note 1)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
IChgDone = 00 0.050 x
IFcHG
IChgDone = 01 0.085x 0.100x 0.115x
Charge Done | IFCHG IFCHG IFCHG A
Qualification CHG_DONE 0.200 x
IChgDone = 10 )
IFcHG
IChgDone = 11 0.300 x
IFcHG
MtChgTmr = 00 0
Maximum Maintain ) MtChgTmr = 01 15 i
Charge Time MTCHG  "MiChgTmr = 10 30
MtChgTmr = 11 60
Timer Accuracy tcHG_AcC -10 +10 %
Fast-Charge Timer
Extend Current IFcHG_TEXT | See Figure 32 50 %lFcHG
Threshold
Fast-Charge Timer
Suspend Current IrcHG_Tsus | See Figure 32 20 %IFCcHG
Threshold
ChgCool/Room/WarmBatReg = 00 VBAT RE
c-0.15
Battery Regulation v ChgCool/Room/WarmBatReg = 01 VgA:TJI?E
Voltage Reduction Due BAT_REG_JT v V
to Temperature A ChgCool/Room/WarmBatReg = 10 GBf\(T)—gsE
ChgCool/Room/WarmBatReg = 11 VBA;—RE
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MAX20360

PMIC with Ultra-Low I Regulators, Charger,
Fuel Gauge, and Haptic Driver for
Small Li+ System

Electrical Characteristics (continued)

(VBAT = VFGBAT = Vsys_uvLo (falling) to +5.5V, Vcygin = unconnected or VoHGIN_DET to +28.0V, T = -40°C to +85°C, unless
otherwise noted. Typical values are at Tp = +25°C, VBaT = 3.7V, VcHaIN = 5.0V, CcHaIN_EFF = 1UF, Cvpig_EFF = 1UF, Ccap_EFF
= 1uF, Csys err = 10uF, CgaT EFF = 1WF, Ck_out EFF = 10uF, C_ N = 1uF, C_out erFr = 1uF, CeeouTt EFF = 8.8F,

CpsTouT_EFF = 10uF, Lpk_ouT = 2.2uH, LeeouT = 2.2uH, LesTouT = 4.7uH. Limits are 100% tested at Tp = +25°C.) (Note 1)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
ChgCool/Room/WarmIFChg = 000 0.20 x
IFcHG
ChgCool/Room/WarmIFChg = 001 0.30 x
IFcHG
ChgCool/Room/WarmIFChg = 010 0.40
IFcHG
Fast-Charge Current ChgCool/Room/WarmIFChg = 011 0-50 x
Reduction Due to IFCHG_JTA IFCHG mA
Temperature 0.60 x
ChgCool/Room/WarmIFChg = 100 |
FCHG
ChgCool/Room/WarmIFChg = 101 0.70 x
IFcHG
ChgCool/Room/WarmIFChg = 110 0.80 x
IFcHG
ChgCool/Room/WarmIFChg = 111 IFCcHG
VAT rising, valid only when CHGIN is
present, when VaT < VBAT yvLO the
BAT UVLO Threshold VBAT_UVLO BAT to SYS switch opens and BAT is 1.95 2.05 2.15 \
connected to SYS through a diode
BAT UVLO Threshold
Hysteresis VBAT_UVLO_H 50 mV
BAT Pulldown =
Resistance RBAT PD BatPD = 1 15 kQ
HARVESTER INTERACTION
Harvester Interaction
Comparator Quiescent IHARV_cMP_Q | VBAT = 3.7V 0.25 pA
Current
Harvester Interaction VBaT = 4.2V, Igys = OpA 0.65
Ideal BAT to SYS Diode | 'HARV_BAT_S pA
Quiescent Current YS_DIO_Q VeaT =4.2V, Igys = 10mA 12
Harvester Interaction VHARV SYS B o _ _
SYS to BAT Diode Drop | AT DIO, PORS Z%E/iond'“on' VBAT =21V, Isys 0.6 v
in POR / SEAL Mode EAL
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MAX20360 PMIC with Ultra-Low I Regulators, Charger,
Fuel Gauge, and Haptic Driver for
Small Li+ System

Electrical Characteristics (continued)
(VBAT = VFGBAT = Vsys_uvLo (falling) to +5.5V, Vcygin = unconnected or VoHGIN_DET to +28.0V, T = -40°C to +85°C, unless
otherwise noted. Typical values are at Tp = +25°C, VBaT = 3.7V, VcHaIN = 5.0V, CcHaIN_EFF = 1UF, Cvpig_EFF = 1UF, Ccap_EFF

= 1uF, Csys err = 10uF, CgaT EFF = 1WF, Ck_out EFF = 10uF, C_ N = 1uF, C_out erFr = 1uF, CeeouTt EFF = 8.8F,
CpsTouT_EFF = 10uF, Lpk_ouT = 2.2uH, LeeouT = 2.2uH, LesTouT = 4.7uH. Limits are 100% tested at Tp = +25°C.) (Note 1)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
HrvBatReg = 0000 3.9710 4.0500 4.0723
HrvBatReg = 0001 4.0200 4.1000 4.1226
HrvBatReg = 0010 4.0691 4.1500 41728
HrvBatReg = 0011 4.1181 4.2000 4.2231
HrvBatReg = 0100 4.1671 4.2500 4.2734
Harvester Interaction VHARV BAT R | VeaTrising, Ta= | HrvBatReg =0101 | 42161  4.3000  4.3237
Battery Charging Stop — = | [18°C +80°C V
Threshold EG : HrvBatReg = 0110 | 4.2652  4.3500  4.3739
HrvBatReg = 0111 4.3142 4.4000 4.4242
HrvBatReg = 1000 4.3632 4.4500 4.4745
HrvBatReg = 1001 4.4122 4.5000 4.5248
HrvBatReg = 1010 44613 4.5500 4.5750
HrvBatReg = 1011 4.5103 4.6000 4.6253
VHARV_
HrvBatReChg = 00 BAT_RE
G-0.07
VHARV_
. HrvBatReChg = 01 BAT RE
Harvester Interaction Vv G- 0.12
Battery Charging HARV_BAT_R | a7 falling Y,
Restart Threshold ECHG VHARV_
HrvBatReChg = 10 BAT_RE
c-0.17
VHARV_
HrvBatReChg = 11 BAT_RE
G-0.22
VHARV_
HrvCool/Room/WarmBatReg = 00 BAT_RE
c-0.15
VHARV_
Harvester Interaction HrvCool/Room/WarmBatReg = 01 BAT_RE
Battery Charging Stop | VHARV BAT R G-0.10 v
Threshold Reduction EG_JTA VHARY
Due to Temperature HrvCool/Room/WarmBatReg = 10 BAT RE
c-0.05
VHARV_
HrvCool/Room/WarmBatReg = 11 BAT_RE
G
Harvester Interaction Vv Vv =49V | = 100mA. measured
Ideal BAT-to-SYS Diode | HARV_BATS| “BAT ~ *< - SYS ’ 28 mv
Regulation YS_DIO_REG BAT - VsYs
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MAX20360

PMIC with Ultra-Low I Regulators, Charger,
Fuel Gauge, and Haptic Driver for
Small Li+ System

Electrical Characteristics (continued)
(VBAT = VFGBAT = Vsys_uvLo (falling) to +5.5V, Vcygin = unconnected or VoHGIN_DET to +28.0V, T = -40°C to +85°C, unless
otherwise noted. Typical values are at Tp = +25°C, VBaT = 3.7V, VcHaIN = 5.0V, CcHaIN_EFF = 1UF, Cvpig_EFF = 1UF, Ccap_EFF
= 1uF, Csys err = 10uF, CgaT EFF = 1WF, Ck_out EFF = 10uF, C_ N = 1uF, C_out erFr = 1uF, CeeouTt EFF = 8.8F,

CpsTouT_EFF = 10uF, Lpk_ouT = 2.2uH, LeeouT = 2.2uH, LesTouT = 4.7uH. Limits are 100% tested at Tp = +25°C.) (Note 1)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Harvester Interaction VHARV BAT S _ _ .
. i A =42V, | = from -20mA to 1A in
Ideal BAT-to-SYS Diode | vs pIO_LOAD 15§Tmeasure dS;(SSV v 165 mv
Load Transient TRAN ’ BAT - VSYS
. VeaT = 4.2V, Igys = from 1A to -1mA in
Harvester Interaction .
Ideal BAT-t0-SYS Diode tHARV_BAT_ s | 1us, measured as the time from when 110 us
Ys_DIO_REL | IBAT goes negative to when it rises above
Release Delay -50uA
SFOUT LDO
SFOUTVSet =0 (5V), VcHgIN = 6V, 4.85 500 515
IsFout = OmA
SFOUTVSet =0 (5V), VcHaGIN = 5V, 4.90
IsFouT = 15mA ]
SFOUT LDO Voltage VsrouT \%
SFOUTVSet = 1 (3.3V), VcHaIN = 5V, 315 330 345
IsFouT = OmA ] ] ]
SFOUTVSet = 1 (3.3V), VcHaIN = 5V, 329
IsFouT = 15mA '
SFOUT LDO is turned off if V, is V
SFOUT OVP Voltage VSFOUT OV | 2pove Veriain oy threshold CHGIN C';?/'N_ Y,
SFOUT Thermal Limit TSFOUT LIM 150 °C
THERMISTOR MONITOR
THM Monitoring | VDIG to TPU switch closed, THM 190 A
Quiescent Current THM_Q measurement running H
V1M falling,
JEITASet =0,
HrvEn =1 and 12.51 14.51 16.51
Device Specifi Harvester Actively
Harvester Interaction VHRV_THM_H (s‘z\gcheElTrfgeltcan q Charging %VDIG
THM Hot Threshold oT HrvEn in Table 8) V1Hm falling,
- JEITASet = 1,
HrvEn =1 and 21.53 23.53 25.53
Harvester Actively
Charging
VTHm falling,
) . JEITASet = 0, No 21.53 23.53 25.53
Device Specific Harvester mode
THM Hot Threshold VTHM HOT | (see JEITASetin - %VpiG
- Table 8) VTHM falllng,
JEITASet =1, No 30.94 32.94 34.94
Harvester mode
V falling,
THM Warm Threshold VTHM WARM | (see JEITASet in v i %VpiG
- Table 8 THM falling,
Table 8) JEITASet = 1 48.20 50.20 52.20
THM Cool Threshold VTHM_cooL | VTHM rising 62.31 64.31 66.31 %VpiG
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MAX20360

PMIC with Ultra-Low I Regulators, Charger,
Fuel Gauge, and Haptic Driver for
Small Li+ System

Electrical Characteristics (continued)
(VBAT = VFGBAT = Vsys_uvLo (falling) to +5.5V, Vcygin = unconnected or VoHGIN_DET to +28.0V, T = -40°C to +85°C, unless
otherwise noted. Typical values are at Tp = +25°C, VBaT = 3.7V, VcHaIN = 5.0V, CcHaIN_EFF = 1UF, Cvpig_EFF = 1UF, Ccap_EFF

= 1uF, Csys err = 10uF, CgaT EFF = 1WF, Ck_out EFF = 10uF, C_ N = 1uF, C_out erFr = 1uF, CeeouTt EFF = 8.8F,
CpsTouT_EFF = 10uF, Lpk_ouT = 2.2uH, LeeouT = 2.2uH, LesTouT = 4.7uH. Limits are 100% tested at Tp = +25°C.) (Note 1)

resistance disabled, ViymonN = 0V to 5.5V

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
THM Cold Threshold VTHMm_coLD | VTHM rising, No Harvester mode 71.73 73.73 75.73 %VpiG
Device Specific VTHM rising, HrvEn
?Eg:ﬁflé THM Cold VHRV_THM_C | (see HrvEn in =1and Harvester | 7957 8157 8357 | %Vpig
OLb Table 8) Actively Charging
THM Disable Threshold VTHM_DIS VTHMm rising 90.94 92.94 94.94 %VpiG
THM Threshold
Hysteresis VTHM_H 60 mV
V1Hm = 0V to 5.5V, Fuel Gauge _
THM Input Leakage 'THM_LK contribution not included ! * WA
TPU Input Leakage pU_ LK :(/)D;C;\t/o TPU switch disabled, V1py = 0V 1 +1 uA
Vp\g-to-TPU Switch .
Resistance Rvpig_TPu | 3mA through the switch 3 10 Q
IVMON MULTIPLEXER
No load on IVMON | IVMONRatioConfig 100.0
pin. Inputs: =00 '
Charger Current, | jyMONRatioConfig
; BAT, SYS, =01 50.0
IVMON Mulltlplexer VIVMON_DIV_ BK10OUT = %
Output Ratio RT BK20UT. IVMONRatioConfig 33.3
BK30UT, L1ouT, |[=10
L20UT, SFOUT, IVMONRatioConfig 25.0
BBOUT =11 '
10pA load on
IVMON pin. Inputs
Charger Current,
BAT, SYS, . )
BK1OUT, L\/(I;/(I)ONRatloConﬁg 55
BK20OUT,
BK3OUT, L10UT,
L20UT, SFOUT,
IVMON Multiplexer BBOUT
Output Impedance RivMON_DIV i i kQ
utput Imp 1uA load on IVMONRatioConfig 31.0
IVMON pin. Inputs | =01 ’
Charger Current, '\ \jONRatioConfi
BAT, SYS, S neeme 28.0
BK10UT,
BK20OUT,
BK30OUT, L10UT, IVMONRatioConfig 24.0
L20UT, SFOUT, =11 '
BBOUT
IVMON Input Leakage IVMON_LK IVMON multiplexer disabled, pulldown 1 +1 uA
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MAX20360

PMIC with Ultra-Low I Regulators, Charger,
Fuel Gauge, and Haptic Driver for
Small Li+ System

Electrical Characteristics (continued)

(VBAT = VFGBAT = Vsys_uvLo (falling) to +5.5V, Vcygin = unconnected or VoHGIN_DET to +28.0V, T = -40°C to +85°C, unless
otherwise noted. Typical values are at Tp = +25°C, VBaT = 3.7V, VcHaIN = 5.0V, CcHaIN_EFF = 1UF, Cvpig_EFF = 1UF, Ccap_EFF
= 1uF, Csys err = 10uF, CgaT EFF = 1WF, Ck_out EFF = 10uF, C_ N = 1uF, C_out erFr = 1uF, CeeouTt EFF = 8.8F,

CpsTouT_EFF = 10uF, Lpk_ouT = 2.2uH, LeeouT = 2.2uH, LesTouT = 4.7uH. Limits are 100% tested at Tp = +25°C.) (Note 1)

1st conversion

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

IVMON Multiplexer Off- . .
IVMON multiplexer disabled, pulldown

Statg Pulldown RivMON_OFF resistance enabled 59.0 kQ
Resistance
SAR ADC
ADC Quiescent Current laDC_Q Conversion running 930 pA
ADC.; HDIN Divider RADC_HDIN_D HDIN conversion running 2.20 MQ
Resistance v
ADC.: IVMON Divider RADC_IvMON_ IVMON conversion running 2.20 MQ
Resistance DIV
ADC.: CHGIN Divider RADC_CHGIN_ CHGIN conversion running 1.10 MQ
Resistance DIV
AD(.: CPOUT Divider Rapc_cpout CPOUT conversion running 0.82 MQ
Resistance DIV
ADC.; BSTOUT Divider Rapc_ssTou BSTOUT conversion running 0.89 MQ
Resistance T DIV
A'DC. HDlN L'east VADC_HDIN_L 21 57 mv
Significant Bit SB
A!:)C. I.VMON. Least VADC_IVMON_ 2157 mv
Significant Bit LSB
A!:)C. QHGIN. Least VADC_CHGIN_ 3235 mv
Significant Bit LSB
APC. QPOUT Least Vabc_cpPouT 3235 mv
Significant Bit _LSB
A'DC. 'BSTOU'T Least VADC_BSTOU 8235 mv
Significant Bit T LSB
ADC HDIN Absolute Vv VHDIN = 2.6V -65 +65
Sensing Worst-Case ADC_HDIN_A ~ mV
Accuracy cc VHDIN = 5.5V -123 +123
ADC IVMON Absolute Vivmon = 1.0V -34 +34
Sensing Worst-Case VADC_IVMON_ mV
Accuracy ACC VivMON = 5.5V -123 +123
ADC CHGIN Absolute Vv VcHGIN = 3.0V -79 +79
Sensing Worst-Case ADC_CHGIN_ mV
Accuracy ACC VCHGIN = 8.0V -178 +178
ADC CPOUT Absolute VepouT = 5.0V -118 +118
Sensing Worst-Case Vapc_cpout mV
Accuracy _ACC VepouT = 6.6V -150 +150
ADC BSTOUT Absolute VesTouT = 3.0V -115 +115
Sensing Worst-Case VADC_BSTOU mV
Accuracy T_ACC VBsTouT = 21.0V -465 +465
ADC Conversion Time tADC._CONV 1.1ms (typ) additional delay prior to each 82 us
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MAX20360 PMIC with Ultra-Low I Regulators, Charger,
Fuel Gauge, and Haptic Driver for
Small Li+ System

Electrical Characteristics (continued)

(VBAT = VFGBAT = Vsys_uvLo (falling) to +5.5V, Vcygin = unconnected or VoHGIN_DET to +28.0V, T = -40°C to +85°C, unless
otherwise noted. Typical values are at Tp = +25°C, VBaT = 3.7V, VcHaIN = 5.0V, CcHaIN_EFF = 1UF, Cvpig_EFF = 1UF, Ccap_EFF
= 1uF, Csys err = 10uF, CgaT EFF = 1WF, Ck_out EFF = 10uF, C_ N = 1uF, C_out erFr = 1uF, CeeouTt EFF = 8.8F,

CpsTouT_EFF = 10uF, Lpk_ouT = 2.2uH, LeeouT = 2.2uH, LesTouT = 4.7uH. Limits are 100% tested at Tp = +25°C.) (Note 1)

PARAMETER ‘ SYMBOL ‘ CONDITIONS MIN TYP MAX | UNITS
HAPTIC DRIVER
Input Voltage VHDIN 2.6 5.5 V
Quiescent Current D Q Vprp / VDRN = 0V to VHpIN 1.25 mA
VHDIN rising 2.65 2.75 2.85
HDIN UVLO Threshold VHDIN UVLO - \%
- Vhpin falling 2.60 2.70 2.80
HDIN UVLO Threshold VHDIN_UVLO_ 50 mv
Hysteresis H
H-Bridge PWM Output
Frequency fHuD_PwM_ouT 225 25.0 27.5 kHz
H-Bridge PWM Output Dup PwMm OU . VHDIN/ o
Duty-Cycle Resolution — . |7 bits 128 %oVHDIN
) HptOffimp = 1 15 kQ
H-Bridge Output- R
Impedance in Off State HD_OFF HptOffimp = 0 RHD_ON Q
_LS
H-Bridge Output During back EMF detection, Vprp / _
Leakage in High-Z State 'HD_LK | Vpry = OV to VipiN L + WA
) ) RHD oN Hs | High-side pMOS switch on, 300mA load 0.04 0.18 0.50
H-Bridge On Resistance — - - Q
Rup_oN_Ls | Low-side nMOS switch on, 300mA load 0.04 0.18 0.50
H-Bridge Overcurrent- Rising current through high-side or low-
Protection Threshold IHp_ocp side switch 600 1000 1500 mA
H-Bridge Overcurrent-
Protection Threshold IHD_ocP_H 130 mA
Hysteresis
H-Bridge Thermal-
Shutdown Temperature THD SHDN Rising temperature 150 °C
Threshold -
H-Bridge Thermal-
Shutdown Temperature | THD SHDN H 25 °C
Threshold Hysteresis - -
PPWM Mode Input
Frequency fHD_PPWM_IN 10 250 kHz
min(800
LRA Resonance ma):((/ZOO k/
Frequency Tracking fHD _LRA See the Haptic Driver section IniGss[1 IniGss[1 Hz
Range . 1:01,100
1:0],100)
0)
Startup Latency tHp_sTART | Time from enabling to vibration response 6.5 7.5 ms
BUCK1&2
Input-Voltage Range VIN Input voltage = Vgys ‘ 2.7 5.5 | V
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MAX20360

PMIC with Ultra-Low I Regulators, Charger,
Fuel Gauge, and Haptic Driver for
Small Li+ System

Electrical Characteristics (continued)
(VBAT = VFGBAT = Vsys_uvLo (falling) to +5.5V, Vcygin = unconnected or VoHGIN_DET to +28.0V, T = -40°C to +85°C, unless
otherwise noted. Typical values are at Tp = +25°C, VBaT = 3.7V, VcHaIN = 5.0V, CcHaIN_EFF = 1UF, Cvpig_EFF = 1UF, Ccap_EFF
= 1uF, Csys err = 10uF, CgaT EFF = 1WF, Ck_out EFF = 10uF, C_ N = 1uF, C_out erFr = 1uF, CeeouTt EFF = 8.8F,

CpsTouT_EFF = 10uF, Lpk_ouT = 2.2uH, LeeouT = 2.2uH, LesTouT = 4.7uH. Limits are 100% tested at Tp = +25°C.) (Note 1)

GRM155R60J226ME11 22uF output
capacitor

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
10mV step resolution 0.55 1.18
Output-Voltage Range VBK_OUT 25mV step resolution 0.55 2125 \%
50mV step resolution 0.55 3.7
IBk_ouT =0, Vgys = 3.7V, VBk_ouT =
lq_BK 1.2V, Buck_VStep = 25mV, Buck_FPWM 0.35 0.70 uA
Quiescent-Supply =0
Current Isk_ouT =0, Vsys = 3.7V, VBk_ouT =
la Bk Pwwm | 1.2V, Buck_FPWM =1, L = 2.2uH, 2 mA
o Buck_ISet = 175mA
Shutdown Supply
Current with Active IsD_BK Buck disabled, Buck_ActDsc = 1 60 A
Discharge Enabled
Output Average Voltage ACC_BK Buck_IntegDis = 0, CCM operation, 25 +25 %
Accuracy VBK_our < 3.4V
o CBKk_ouT EFF 2 4yF, Igk_out = TmA, L
Eieaklet" Peak Voltage VRpp BK | = 2.2uH, Buck_lset = 150mA, Vour = 10 mv
PP 1.2V, Vgys = 3.7V
Nominal Peak Current .
Set Range IPSET BK 25mA step resolution 0 375 mA
Load Transient VLoAaD TRANS | 10pA to 300mA at 1A/us, Cek EFF =
— — 70 mV
Response _BK 9uF, VB out = 1.2V
Load Regulation Error VLOAD_REG_B BUCk_|Ad_ptDIS =0, Buck_IntegDis = 0 05 %
K_ IBK_out = 500mA
. . VLINE REG B | VBK ouTt = 1.2V, Vgys from 2.7V to
Line Regulation Error IZ_ ~ | 55V lsk_oUT = 200mA, Ca_ouT > 9UF +5 mV
Maximum Operative Load regulation error = -5%,
Output Current IBK_MAX Buck_IntegDis = 0 400 mA
Valley Current Limit
During Short-Circuit to ISHRT_BK VBK_ouT =0V 1 A
GND
Valley Current Limit During startup before PGOOD = 1
During Startup VLY_BK_STUP condition is achieved 250 mA
BKLX Leakage Current ILK_BKLX Buck disabled -1 +1 MA
Active Discharge _
Current IACTD_BK VBK_out = 0.7V 8 16 28 mA
Passive Discharge
Resistance Rpsv_Bk 6 10 14 kQ
Time from enable to PGOOD and full
Full Turn-On Time tON_BK current capability. No load. 1 Murata 10 ms

www.maximintegrated.com

Maxim Integrated | 24




MAX20360

PMIC with Ultra-Low I Regulators, Charger,
Fuel Gauge, and Haptic Driver for
Small Li+ System

Electrical Characteristics (continued)

(VBAT = VFGBAT = Vsys_uvLo (falling) to +5.5V, Vcygin = unconnected or VoHGIN_DET to +28.0V, T = -40°C to +85°C, unless
otherwise noted. Typical values are at Tp = +25°C, VBaT = 3.7V, VcHaIN = 5.0V, CcHaIN_EFF = 1UF, Cvpig_EFF = 1UF, Ccap_EFF
= 1uF, Csys err = 10uF, CgaT EFF = 1WF, Ck_out EFF = 10uF, C_ N = 1uF, C_out erFr = 1uF, CeeouTt EFF = 8.8F,
CpsTouT_EFF = 10uF, Lpk_ouT = 2.2uH, LeeouT = 2.2uH, LesTouT = 4.7uH. Limits are 100% tested at Tp = +25°C.) (Note 1)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
- Buck_VSet =1.2V, Igk out = 10mA, o
Efficiency EFFIC_BK | \nductor: Murata DFE201610E-2R2M 86 %
BKLX Rising/Falling SLW_BK Buck_LowEMI =0 3 Vins
Slew Rate SLW BK_L | Buck_LowEMI = 1 0.6
Thermal Shutdown o
Threshold TSHDN_BK 140 c
BUCK3
Input-Voltage Range VIN Input voltage = Vgys 2.7 5.5 V
10mV step resolution 0.55 1.18
Output-Voltage Range VBK30UT 25mV step resolution 0.55 2.125 V
50mV step resolution 0.55 3.7
IBk3ouT =0, Vsys = 3.7V, VBk3ouT =
, la_BK3 3.3V, Buck3FPWM = 0 0.5 08 WA
Quiescent-Supply
Current IBk3ouT =0, Vsys = 3.7V, VekaouT =
lq Bk3 pwM | 3.3V, Buck3FPWM =1, L = 2.2uH, 1.5 mA
o Buck3ISet = 175mA
Shutdown Supply
Current with Active Isp_BK3 Buck3 disabled, Buck3ActDsc = 1 60 A
Discharge Enabled
Output Average-Voltage ACC_BK3 Buck3IntegDis = 0, CCM operation, 25 +25 %
Accuracy VBK3ouUT < 3.4V
" CBK30UT_EFF Z 4WF, IksouT = TmA; L
E?aklet" Peak Voltage VRpP BK3 | = 2.2H; Buck3iset = 150mA, Vour = 10 mv
PP 1.2V, Vgys = 3.7V
Nominal Peak Current .
Set Range IPSET_BK3 25mA step resolution 0 375 mA
Load Transient VLoAaD TRANS | 10pA to 300mA at 1A/us, CBK3EFF =
- 70 mV
Response _BK3 9uF, VekaouT = 1.2V
Load Regulation Error VLOAD_REG_B BUCk3|Ad_ptDIS =0, Buck3IntegDis = 0, 05 %
K3 IBK30UT = 500mA
VBk3ouT = 3.3V, Vgys from 5.5V to
Line Regulation Error VLINE_REG_B | 3.4V, Igx30uT = 300mA, CaK30UT > +100 mV
K3 4uF, LDO mode assistant enabled
Maximum Operative Load regulation error = -5%,
Output Current IBK3_MAX Buck3IntegDis = 0 600 mA
Valley Current Limit
During Short-Circuit to ISHRT BK3 | VBK3ouUT = 0V 1.8 A
GND -
Valley Current Limit IlvLYy BK3 STU | During startup before PGOOD = 1
) —PRI_ 2o ! 250 mA
During Startup P condition is achieved
BK3LX Leakage Current ILK_BK3LX Buck3 disabled 1 A
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MAX20360

PMIC with Ultra-Low I Regulators, Charger,
Fuel Gauge, and Haptic Driver for

Electrical Characteristics (continued)
(VBAT = VFGBAT = Vsys_uvLo (falling) to +5.5V, Vcygin = unconnected or VoHGIN_DET to +28.0V, T = -40°C to +85°C, unless
otherwise noted. Typical values are at Tp = +25°C, VBaT = 3.7V, VcHaIN = 5.0V, CcHaIN_EFF = 1UF, Cvpig_EFF = 1UF, Ccap_EFF

= 1uF, Csys err = 10uF, CgaT EFF = 1WF, Ck_out EFF = 10uF, C_ N = 1uF, C_out erFr = 1uF, CeeouTt EFF = 8.8F,
CpsTouT_EFF = 10uF, Lpk_ouT = 2.2uH, LeeouT = 2.2uH, LesTouT = 4.7uH. Limits are 100% tested at Tp = +25°C.) (Note 1)

Small Li+ System

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Active Discharge
Current 9 IACTD_BK3 VBk3ouT = 0.7V 8 16 28 mA
Passive Discharge
Resistance RPSV—BK3 6 10 14 kQ
Time from enable to PGOOD and full
) current capability. No load. 1 Murata
Full Turn-On Time [ON_BK3 | GRM155R60J226ME11 224F output 10 ms
capacitor
- Buck3VSet = 3.3V, Igk3ouT = 250mA, o
Efficiency EFFIC_BK3 | |nductor: Murata DFE201610E-2R2M 9 %
BK3LX Rising/Falling SLW_BK3 Buck3LowEMI =0 3 v/
ns
Slew Rate SLW_BK3 L | Buck3LowEMI = 1 0.6
Thermal Shutdown o
Threshold TSHDN_BK3 140 C
Supply vs. BOUT VIN BOUT DR . -
Dropout threshold PO—UT_TH—_ . Supply falling, Buck3VSet = 3.3V 250 330 400 mV
LDO1 (TYPICAL VALUES ARE AT V|_qiN=1.2V, VL_10uT=1V)
Inout Volt v LDO mode 1 v
nput Voltage
P 9 IN_LDOT Switch mode 0.7
LDO enabled, I 1oyt =0 1.0 2.2
Quiescent-Suppl LDO enabled, | =0, switch mode 0.35 0.90
Surrent pply |Q_LDO1 L10UT pA
LDO enabled, I 1oyt =0, 07 15
LDO1_MPCOCNT = 1, MPCO high ' '
Quiescent-Supply IL1ouT =0, VLN = 1.2V, LDO1VSet =
Current in Dropout la_Loo1_D 0x1D (1.225V) 2.4 42 WA
Output Leakage ILK_L10oUT VL10uT = GND, LDO1 disabled 0.015 2.5 A
Shutdown Supply
Current with Active Isp_LDO1 LDO1 disabled, LDO1ActDsc = 1 50 pA
Discharge Enabled
Maximum Output
Current i IL1oUT_MAX 50 mA
Output-Voltage Range Vi1ouT 25mV step resolution 0.50 1.95 V
Output-Voltage ACC_LDO1 (VL1ouT +0.2V) S VLINE 2V, IL1ouT = 3205 +3.95 %
Accuracy 1mA
Dropout Voltage VDROP_LDO1 Y{;”N =1V, IL1out = 50mA, LDO1VSet = 70 mV
Line-Regulation Error VL'NEORFG-LD VLN = (VL1ouT *+ 0.2V) to 2V 0.4 +0.4 %IV
Load-Regulation Error VLO/BE;EEG_L IL1ouT = 100pA to 50mA 0.003 0.013 %/mA
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MAX20360

PMIC with Ultra-Low I Regulators, Charger,
Fuel Gauge, and Haptic Driver for

Electrical Characteristics (continued)

(VBAT = VFGBAT = Vsys_uvLo (falling) to +5.5V, Vcygin = unconnected or VoHGIN_DET to +28.0V, T = -40°C to +85°C, unless
otherwise noted. Typical values are at Tp = +25°C, VBaT = 3.7V, VcHaIN = 5.0V, CcHaIN_EFF = 1UF, Cvpig_EFF = 1UF, Ccap_EFF

= 1uF, Csys err = 10uF, CgaT EFF = 1WF, Ck_out EFF = 10uF, C_ N = 1uF, C_out erFr = 1uF, CeeouTt EFF = 8.8F,

Small Li+ System

CpsTouT_EFF = 10uF, Lpk_ouT = 2.2uH, LeeouT = 2.2uH, LesTouT = 4.7uH. Limits are 100% tested at Tp = +25°C.) (Note 1)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
V| =+1V to +2V, 200ns rise time +45
Line Transient VLINETRAN_L LAIN — mV
DO1 VLqIN = +1V to +2V, 1ps rise time +25
| =0 to 10mA, 200ns rise time 80
Load Transient VLOADTRAN_L | L1OUT — mV
DO1 IL1ouT = OmA to 50mA, 200ns rise time 130
Passive-Discharge
Resistance RPD_LDO! 5 10 15 kQ
Active-Discharge
Current IAD_LDO1 7 25 55 mA
Ron_Lbo1 | V1N =1V, IL1ouT = 50mA 1.1
Switch Mode Resistance Q
RON—L$O1—OP V1IN = 0.7V, I 1ouT = 1TMA 27
IL1ouT =0, time from 10%—-90% of final
tON_LDO1 | ya10e 0.38
ms
IL1ouT = 0, time from 10%—90% of final
Turn-On Time [ON_LDO1_SW value, switch mode 0.065
IL1ouT = OmA, LDO1_MPCOCNT =1,
toN_LDO1 time from MPCO rising to 90% of L10OUT 580 ns
final value, C_1oyT = 10nF
Y =1.2V,V =GND 400 1000
Short-Circuit Current | L1IN L1OUT - A
Limit SHRT_LDO1 | V4N = 1.2V, VL10uT = GND, switch 305 1000 m
mode
Thermal-Shutdown o
Temperature TSHDN_LDO' 150 C
Thermal-Shutdown TSHDN LDO1 o
. — - 10 C
Temperature Hysteresis H
Vi 1N falling 0.53 0.77
L1IN UVLO VUVLO LDO1 — \
- V1IN rising 0.78 1.00
10Hz to 100kHz, V| 1N = 2V, VI 10UT =
120
1.8V
Output Noise VNOISE_LDOT 100|'\|/Z to 100kHz, V1N = 2V, VI10uT = 95 HVRMS
10Hz to 100kHz, V| 1y = 2V, VI 10UT = 70
0.5V
LDO2 (ALWAYS ON LDO, TYPICAL VALUES ARE AT V| 3N = 3.7V, VL 20uT = +3V)
Inout Volt v LDO mode 1.71 55 v
nput Voltage
P 9 IN_LDOZ " I"s\itch mode 12 55
) lq LDO2 LDO enabled, I 2oyt = OpA 1.0 1.9
Quiescent-Supply - LDO enabled, | = OpA, switch HA
Current IQ_LDO2 SW | dee”a €d. IL2ouT = BuA, swite 0.35 0.9
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MAX20360

PMIC with Ultra-Low I Regulators, Charger,
Fuel Gauge, and Haptic Driver for
Small Li+ System

Electrical Characteristics (continued)
(VBAT = VFGBAT = Vsys_uvLo (falling) to +5.5V, Vcygin = unconnected or VoHGIN_DET to +28.0V, T = -40°C to +85°C, unless
otherwise noted. Typical values are at Tp = +25°C, VBaT = 3.7V, VcHaIN = 5.0V, CcHaIN_EFF = 1UF, Cvpig_EFF = 1UF, Ccap_EFF
= 1uF, Csys err = 10uF, CgaT EFF = 1WF, Ck_out EFF = 10uF, C_ N = 1uF, C_out erFr = 1uF, CeeouTt EFF = 8.8F,

CpsTouT_EFF = 10uF, Lpk_ouT = 2.2uH, LeeouT = 2.2uH, LesTouT = 4.7uH. Limits are 100% tested at Tp = +25°C.) (Note 1)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Quiescent-Supply IL2ouT = OpA, VoIN = 2.9V, LDO2VSet
Current in Dropout la_Lpo2 D = 0x15 (+3V) 19 3.7 WA
Shutdown-Supply
Current with Active Isp_LDO2 LDO2 disabled, LDO2ActDSC = 1 55 MA
Discharge Enabled
Maximum Output | Vioin> 1.8V 100 mA
Current L2OUTMAX Ty v s 1.8V 50
Maximum Output _
Curentwhen Supplied | '20UT K|\ B Vaour S LY | oo A
from VeINT VCCINT pply
_ . LDO2Supply = internal (see Table 8),
Internal-Supply Switch RoN_L2IN switch between Vet and L2IN 4.5 7.3 11 kQ
Output-Voltage Range Vi20uT 100mV step resolution 0.9 4.0 V
Output-Voltage ACCLDO2 | VL2IN= _(VLZOUT +0.5V) or higher, 27 +2.7 %
Accuracy ILoouT = TMA
VigIN = 3.0V, LDO2VSet = 3.1V, I 20UT 100
D t Volt \Y ~ 100mA \Y
ropout Voltage m
P 9 DROP_LDO2 Ty, \ = 1.85V, LDO2VSet = 1.9V, I oouT 130
=100mA
= >
Line-Regulation Error VL'NEOR2EG—LD \1/'52\'/"‘ (ViL2ouT * 0.5V) 10 5.5V, Vi N 2 -0.4 +0.4 %IV
Load-Regulation Error | VLOADREG_L | +1.8V<VigiN < +5.5V, IL20uT = 1000A 0002 0007 | %/mA
DO2 to 100mA
\Y =4V to 5V, 200ns rise time +35
Line Transient VLINETRAN_L | “L2IN — mV
DO2 Vi oIN = 4V to 5V, 1ps rise time +25
y |1|_02rgx'|' =0mA to 100
Load Transient LOADTRAN_L | 200ns rise time mV
D02 IL20ouT = OmMA to 200
100mA
Passive Discharge
Resistance RPD_LDO2 5 10 15 kQ
Active Discharge
Current g lAD_Lpo2 | Vi2IN=3.7V 8 22 40 mA
RoN_LDO2 ViaIN =27V 04 0.7
R 2oyt = 100mA, v 5 = 1.8V,
Switch-Mode ON_LDOZ_1p | switch mode IL2ouT = 100mA, 0.65 1
: 8 ; Q
Resistance switch mode
| =5mA,
RoN_LDO2_sw S"ﬁ%ﬁrmode Viain = 1.2V 1.5 23
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MAX20360

PMIC with Ultra-Low I Regulators, Charger,
Fuel Gauge, and Haptic Driver for
Small Li+ System

Electrical Characteristics (continued)
(VBAT = VFGBAT = Vsys_uvLo (falling) to +5.5V, Vcygin = unconnected or VoHGIN_DET to +28.0V, T = -40°C to +85°C, unless
otherwise noted. Typical values are at Tp = +25°C, VBaT = 3.7V, VcHaIN = 5.0V, CcHaIN_EFF = 1UF, Cvpig_EFF = 1UF, Ccap_EFF
= 1uF, Csys err = 10uF, CgaT EFF = 1WF, Ck_out EFF = 10uF, C_ N = 1uF, C_out erFr = 1uF, CeeouTt EFF = 8.8F,

CpsTouT_EFF = 10uF, Lpk_ouT = 2.2uH, LeeouT = 2.2uH, LesTouT = 4.7uH. Limits are 100% tested at Tp = +25°C.) (Note 1)

VegouT = 0V to final value

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
ILooyT = OMA, time 1.5
Turn-On Time t from 10% to 90% ms
ON DOz | nalvalue | Switch mode 0.26
| \Y =55V 225 460 650
Short-Circuit Current SHRT_LDO2 Vv = GND L2IN A
Limit ISHRT_LDO2_s | VL20UT = Vi2IN = 2.7V, 210 350 540 m
W switch mode
Thermal-Shutdown o
Temperature TSHDN_LDO2 150 C
Thermal-Shutdown TSHDN LDO2 o
. — — 20 C
Temperature Hysteresis H
\Y fallin 1.05 1.35
L2IN UVLO Vuvio Lpog |—2NEd v
- V| 2|N rising 1.36 1.69
10Hz to 100kHz, V| 2|y = 5V, VI 20UT =
150
3.3V
10Hz to 100kHz, V| oI1N = 5V, VI 20UT =
25\ 125
Output Noise \Y ' \%
P NOISE_LDOZ ™41 to 100kHzZ, VLo = 5V, Vi20UT = HYRMS
90
1.2v
10Hz to 100kHz, V| 2|y = 5V, VI 20UT =
80
0.8V
Ouput Leakage ILK_L20UT Vi 20uT = GND, LDO2 disabled -1 +1 MA
BUCK-BOOST
Input Voltage VBBIN Input voltage = Vgys 2.7 5.5 V
Output Voltage Set 50mV step resolution, do not exceed the
Range VBBOUT valid voltage range 26 55 v
Quiescent Suppl
Current PRy lo_B lsBOUT =0, VBBOUT = 5V 2 4 HA
Shutdown Supply
Current with Active Isp_BB Buck-boost disabled, BBstActDsc = 1 60 A
Discharge Enabled
Maximum Output BBstlAdptDis = 0, Vgg|n 2 3.2V, VBROUT
Operative Power PMAX_BBOUT 2 3.2V, 7.5% load regulation (Note 3) 15 w
. LOAD_REG_ | BBstlAdptDis = 0, BBstVSet > 3.3V, _ o
Load-Regulation Error ERR PourT = 1.5W 3.5 %o
Average Output-Voltage - S ) o
Accuracy ACC_BBOUT | Iggout = 1mA, CeeouUT EFF 2 5uF 3 3 %
Maximum Output ILOAD_MAX_S | y/g > 3V, BBstiAdptDis = 0 85 mA
Current During Startup TUP BBIN ’
Startup Time tsTUP ILoAD < ILoAD_MAX_sTuP; time from 13 ms
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MAX20360

PMIC with Ultra-Low I Regulators, Charger,
Fuel Gauge, and Haptic Driver for
Small Li+ System

Electrical Characteristics (continued)
(VBAT = VFGBAT = Vsys_uvLo (falling) to +5.5V, Vcygin = unconnected or VoHGIN_DET to +28.0V, T = -40°C to +85°C, unless
otherwise noted. Typical values are at Tp = +25°C, VBaT = 3.7V, VcHaIN = 5.0V, CcHaIN_EFF = 1UF, Cvpig_EFF = 1UF, Ccap_EFF
= 1uF, Csys err = 10uF, CgaT EFF = 1WF, Ck_out EFF = 10uF, C_ N = 1uF, C_out erFr = 1uF, CeeouTt EFF = 8.8F,

CpsTouT_EFF = 10uF, Lpk_ouT = 2.2uH, LeeouT = 2.2uH, LesTouT = 4.7uH. Limits are 100% tested at Tp = +25°C.) (Note 1)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

Input-Supply Current VggINn = 3.6V, VBeouT =5V,

During Startup 'BBIN_STUP CpBout_EFF = 10uF, IggouT = 0 10 mA

Output UVLO Threshold VBBOLC’)T-UVL Falling edge (50mV hysteresis) 1.85 2.46 Y,

HVLX Leakage Current ILK_BBHVLX -1 +1 pA

LVLX Leakage Current ILK_BBLVLX -1 +1 A

Passive Discharge

Resistance Rpsv_BB 5 10 7 kQ

Active Discharge

Current 9 IACTD_BB VBBoOUT = 2.5V 5 20 50 mA

BBOUT Pulldown BBst Enabled; BBstVSet = 4V; VggouT =

Current IPD BBE |41y 300 nA

Thermal Shutdown o

Temp TSHDN_BB 150 C

HV BOOST

Input-Voltage Range VBSTIN Input voltage = Vgys 2.7 5.5 V

Output-Voltage Range VBSTOUT 250mV step resolution 5 20 V

Output-Voltage UVLO VBSTOCL)JT-UVL VBsTOUT - Vsys falling 2.7 2.2 -1.6 Y%
IBsTouT =0, Vgys = 3.7V, BstVSet =

Quiescent-Supply — oEo 24 9

Current lo_ssT OV, Ta = 25°C WA
IssTouT =0, Vgys = 3.7V, BstVSet = 5V 106

Output-Average Voltage _ ; o

Accuracy ACC_BST IssTOUT = 1TMA, VuyouT < 13V 4 +2 %o
BstlSet = 350mA, BstVSet = 12V

Peak-to-Peak Voltage ’ ’

Ripple g VRpPp BST | CBsTouT EFF = 100F, LesTouT = 5 mv
4.7uH, IgsTouT = 1MA

Peak Current-Set Range IPSET BST 25mA step resolution 100 475 mA

DC Load Regulation VLoAD_REG_B | BstVSet = 12V, IgsToUuT = 25mA, BstISet 0.3 %

Error ST = 300mA, BstlAdptEn = 1 : °

DC Line Regulation VLINE_REG_B | BgtySet = 6.5V, Vgys from 2.7V to 5.5V 4 mV

Error ST

BSTOUT Pulldown o .

Resistance ResTOUT -3% Load Regulation Error 10 MQ

True Shutdown PMOS _

On-Resistance RoNn_Ts IBsTouT = 100MA 0.15 0.22 Q

Boost Freewheeling RONBST FRW _

NMOS On-Resistance HL N lssTouT = 100mA 0.45 0.7 Q

Boost NMOS On- RoNBST N BstFETScale = 0, IgsToyT = 100mA 0.55 0.9 o

Resistance RoNBST NFs | BstFETScale = 1, IzsTouT = 100mA 1.1 1.8
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MAX20360

PMIC with Ultra-Low I Regulators, Charger,
Fuel Gauge, and Haptic Driver for

Electrical Characteristics (continued)
(VBAT = VFGBAT = Vsys_uvLo (falling) to +5.5V, Vcygin = unconnected or VoHGIN_DET to +28.0V, T = -40°C to +85°C, unless
otherwise noted. Typical values are at Tp = +25°C, VBaT = 3.7V, VcHaIN = 5.0V, CcHaIN_EFF = 1UF, Cvpig_EFF = 1UF, Ccap_EFF
= 1uF, Csys err = 10uF, CgaT EFF = 1WF, Ck_out EFF = 10uF, C_ N = 1uF, C_out erFr = 1uF, CeeouTt EFF = 8.8F,

Small Li+ System

CpsTouT_EFF = 10uF, Lpk_ouT = 2.2uH, LeeouT = 2.2uH, LesTouT = 4.7uH. Limits are 100% tested at Tp = +25°C.) (Note 1)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Schottky Diode Forward | VBg scHOTTK | IBsTouT = 100mA, VBSTHVLX -
— 0.2 0.4 0.6 \Y
Voltage Y VBsSTOUT
Freewheeling On- RONBST FRW _
Resistance W IBsTOUT = 100mMA 50 80 Q
Minimum ton toN_BST MIN 65 ns
Max Switching FREQ_BST_ | VgsTouT regulation error = -150mV, 17 35 55 MHz
Frequency MX BstlSet = 100mA, BstlIAdptEn =0 ’ ' ’
Max Peak Current _ .
Setting Extra Budget Alp_pMaX Srsrgfgri;EO%;nc/‘ VBsTouT regulation 150 250 450 mA
with BstlIAdptEn = 1
Short-Circuit Current
Limit Difference vs. AlgsT SHRT | BstlAdptEn =0 130 200 250 mA
Peak Current Setting
BSTHVLX Leakage ILk_BSTHVLX | Boost disabled 1 A
BSTLVLX Leakage ILk_BSTLVLX | Boost disabled 1 MA
Passive Discharge
Resistance ResTPsv 10 kQ
Linear BSTOUT IL BSTOUT PR )
Precharge Current e VBsTouT from OV to Vgys - 0.4V 5 12.5 20 mA
Switching Precharge Isw BsTouT | VBSTOUT from Vgys - 0.4V to final
- - . 13 mA
Inductor Current PRCH regulation voltage
Full Turn-On Time toN_BST MIN | Time from enable to full current capability 100 ms
BstVSet = 12V, IgsTouT = 20mA, BstlSet
EFFIC_12 = 300mA, Inductor = Murata 85
DFE201610E-4R7M
BstVSet = 15V, IgsToyuT = 2MA, BstlSet
EFFIC_15 = 300mA, Inductor = Murata 83
DFE201610E-4R7M
Efficiency %
BstVSet = 5V, IgsToyuT = 10MA, BstlSet =
EFFIC 5 150mA, Inductor = Murata 76
DFE201610E-4R7M
BstVSet = 6.5V, IgsTouT = 10UA, BstlSet
EFFIC_6P5 = 150mA, Inductor = Murata 73
DFE201610E-4R7M
BHVLX Rising/Falling SLW_BSTHV
Slew Rate LX 2 Vins
Thermal Shutdown o
Threshold TSHON_BST 140 c
CHARGE PUMP
Input Voltage VcPIN Input voltage = Vgys 2.7 5.5 V
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MAX20360

PMIC with Ultra-Low I Regulators, Charger,
Fuel Gauge, and Haptic Driver for
Small Li+ System

Electrical Characteristics (continued)

(VBAT = VFGBAT = Vsys_uvLo (falling) to +5.5V, Vcygin = unconnected or VoHGIN_DET to +28.0V, T = -40°C to +85°C, unless
otherwise noted. Typical values are at Tp = +25°C, VBaT = 3.7V, VcHaIN = 5.0V, CcHaIN_EFF = 1UF, Cvpig_EFF = 1UF, Ccap_EFF
= 1uF, Csys err = 10uF, CgaT EFF = 1WF, Ck_out EFF = 10uF, C_ N = 1uF, C_out erFr = 1uF, CeeouTt EFF = 8.8F,
CpsTouT_EFF = 10uF, Lpk_ouT = 2.2uH, LeeouT = 2.2uH, LesTouT = 4.7uH. Limits are 100% tested at Tp = +25°C.) (Note 1)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Quiescent-Supply g cp 5v | lcpouT = OUA, CPVSet = 5V 2 3.5 uA
Current lg cp 6.6v | lcPouT = OUA, CPVSet = 6.6V 22 43

CPVSet =0, IcpouT = 10pA, Vgys > 6.6
CPOUT Output Voltage Vepour |33V ' %

CPVSet =1, IcpoyuT = 10pA 5
Output Accuracy ACC_CP IcpouT < 120pA, Vgys > 3.3V -3 +3 V
Maximum Operative .
Output Curr:nt IcPouT_MAX | Vsys > 3.3V, -5% load regulation error 250 pA
Efficiency EFF_CP g';xset = 6.6V, lout = 100A, Vsys = 79 %
Max Charge-Pump FREQ_CP 89 100 114 kHz
Frequency -
Passive-Discharge
Resistance Rpsv_cp 10 kQ
LOAD SWITCHES 1 AND 2 (TYPICAL VALUES ARE AT V| sw_|N = 1.2V)
Input Voltage Vsw IN 0.65 5.50 \Y

. Load switch on, voltage protection 0.80 1.20
Quiescent-Supply I enabled A
Current Q_SW_ L i i H
oad switch on, voltage protection
) 0.26 0.45

disabled

On-Resistance Rsw Vsys =3V, Vsw_IN =12V, Isw_ouT = 0.5 0.85 Q
- 50mA
Startup Current Isw START | Visw IN=1.2V, Vi sw out = 0V initially 50 108 mA
Voltage Protection vV Rising 130 260 iy
Threshold SW_PROT " Ealling 10 120
) ' Visw IN = 1.2V, 1yF output capacitance,

Turn-On Time toN_sw_ 10% to 90% out 15 us
Startup Time-Out Time tsTUP_LSW 5 ms
Startup Retry Time tRETRY LSW_ 5 ms
Passive Discharge
Resistance Rpsv_Lsw_ 10 kQ
Active Discharge
Current ’ lACTD_Lsw_ 20 mA
Output Leakage ILK LsSw LSW_OUT = GND, load switch disabled 1 uA
LED CURRENT SINKS
Maximum Input Voltage | VN LED MAX 20 V
Quiscent Current lo LED All LEDs on, Vgys = 3.7V 245 370 A

www.maximintegrated.com

Maxim Integrated | 32




MAX20360 PMIC with Ultra-Low I Regulators, Charger,

Fuel Gauge, and Haptic Driver for
Small Li+ System

Electrical Characteristics (continued)

(VBAT = VFGBAT = Vsys_uvLo (falling) to +5.5V, Vcygin = unconnected or VoHGIN_DET to +28.0V, T = -40°C to +85°C, unless
otherwise noted. Typical values are at Tp = +25°C, VBaT = 3.7V, VcHaIN = 5.0V, CcHaIN_EFF = 1UF, Cvpig_EFF = 1UF, Ccap_EFF
= 1uF, Csys err = 10uF, CgaT EFF = 1WF, Ck_out EFF = 10uF, C_ N = 1uF, C_out erFr = 1uF, CeeouTt EFF = 8.8F,

CpsTouT_EFF = 10uF, Lpk_ouT = 2.2uH, LeeouT = 2.2uH, LesTouT = 4.7uH. Limits are 100% tested at Tp = +25°C.) (Note 1)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
) ) LEDIStep = 0.6mA steps 0.6 15
g::ggt Sink Setting ILED_RNG | LEDIStep = 1mA steps 1 25 mA
LEDIStep = 1.2mA steps 1.2 30
ILED_=13mA, Tao =+25°C, VI Ep_= 2 +2
+0.7V to +20V
ILep =13mA, Vi gp =+0.7V to +20V -5 +5
LED Current Accuracy ACC_LED ILED_ = 0.6mA to 30mA, Tp = +25°C, 5 45 %
ViED = +0.7V to +20V
ILep =0.6mA to 30mA, V gp =+0.7V 6 +6
to +20V -
ILED SET =9MA, ILgp = 0.9 x SmA 110 160
LED Dropout Voltage VLED_DROP | ILED SET =25mA, I Ep = 0.9 x 25mA 145 215 mV
ILED SET =30mA, ILgp = 0.9 x 30mA 175 270
Leakage in Shutdown ILK_LED VLED = +20V 0.1 MA
Open-LED Detection LED_ enabled, LEDIStep = 0.6mA steps,
Threshold VLED_DET falling edge 61 92 140 mV
VBSTOUT Loop Max LED_LOOP_V | 5V < BstVSet < 15V, LED_BoostLoop = VBsToOU Vv
Voltage MAX 1, VLEDO = GND T7+5
IagD_BoostLoop =1, LEDO_REFSEL = 190 200 210
LED_BoostLoop = 1, LEDO_REFSEL = 200 300 310
VLEDO Loop Regulation | VLEDO_LOOP | 01 "y
Voltage REG = =
9 _ I'l_gD_BoostLoop 1, LEDO_REFSEL 385 400 415
I1_I1ED_BoostLoop =1, LEDO_REFSEL = 485 500 515
FUEL GAUGE (REFER TO MAX17260 FOR DETAILS) / POWER SUPPLY
FGBAT UVLO Vv VEGBAT rising, VCHGIN present 2.25 2.28 Vv
Threshold FGBAT_UVLO VegpaT falling, VcHaIN present 2.16 2.19
Shutdown Supply
Current Ibpo 0.5 pA
Hibernate Supply
Current IbD1 Average current 55 MA
. Average current not including thermistor
Active Supply Current Ibp2 measurement current 12.5 A
Startup Voltage VEGBATSU 3.05 V
FUEL GAUGE (REFER TO MAX17260 FOR DETAILS) / ANALOG-TO-DIGITAL CONVERSION
FGBAT Measurement Ta=+25°C 7.5 +7.5
E VGERR . . mV
rror -40°C < Tp < +85°C -20 20
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MAX20360

PMIC with Ultra-Low I Regulators, Charger,
Fuel Gauge, and Haptic Driver for
Small Li+ System

Electrical Characteristics (continued)
(VBAT = VFGBAT = Vsys_uvLo (falling) to +5.5V, Vcygin = unconnected or VoHGIN_DET to +28.0V, T = -40°C to +85°C, unless
otherwise noted. Typical values are at Tp = +25°C, VBaT = 3.7V, VcHaIN = 5.0V, CcHaIN_EFF = 1UF, Cvpig_EFF = 1UF, Ccap_EFF
= 1uF, Csys err = 10uF, CgaT EFF = 1WF, Ck_out EFF = 10uF, C_ N = 1uF, C_out erFr = 1uF, CeeouTt EFF = 8.8F,

CpsTouT_EFF = 10uF, Lpk_ouT = 2.2uH, LeeouT = 2.2uH, LesTouT = 4.7uH. Limits are 100% tested at Tp = +25°C.) (Note 1)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
FGBAT Measurement
Resolution Viss 78125 W
FGBAT Measurement
Range VEs 23 4.9 \Y,
Current-Measurement | Long-term average without load current 1.5 V
Offset Error OERR 9 9 = H
Current-Measurement | 1 +1 % of
Error GERR Reading
Current-Measurement
Resolution lLsB 1.5625 W
Current-Measurement
Range IFs +51.2 mV
Internal Temperature- o o o
Measurement Error TIGERR A0°C<TpA<+85°C *1 C
Internal Temperature-
Measurement Tl sB 0.00391 °C
Resolution
FUEL GAUGE (REFER TO MAX17260 FOR DETAILS) / INPUT/OUTPUT
External Thermal RExT10 Config.R100 =0 10 Q
Resistance REXT100 Config.R100 = 1 100
Output Drive Low,
ALF{’T’ SDA VoL loL = 4mA, VgaTT = 2.3V 0.4 Vv
Input Logic High, ALRT,
SCL, SDA ViH 15 v
Input Logic Low, ALRT,
SCL, SDA Vic 0.5 v
Battery-Detach Measured as a fraction of VEggaT ONn o
Detection Threshold VDET THM rising 910 9.2 99.0 L
Battery-Detach .
Detection Threshold VDET.HYS Measurgd as a fraction of VeggaT On 16 %

. THM falling

Hysteresis
Battery-Detach t THM step from 70% to 100% of VFGBAT 100 s
Comparator Delay OFF (Alrtp = 0, EnAIN = 1, FTHRM = 1) H
FUEL GAUGE (REFER TO MAX17260 FOR DETAILS) / LEAKAGE
Leakage Current, CSN, _
CSF,HfJ ALRT ILEAK VALRT < 15V -1 +1 HA
FUEL GAUGE (REFER TO MAX17260 FOR DETAILS) / TIMING
Time-Base Accuracy tERR Ta=+25°C -1 +1 %
TH Precharge Time tPRE 8.48 ms
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MAX20360

PMIC with Ultra-Low I Regulators, Charger,

Fuel Gauge, and Haptic Driver for

Electrical Characteristics (continued)

(VBAT = VFGBAT = Vsys_uvLo (falling) to +5.5V, Vcygin = unconnected or VoHGIN_DET to +28.0V, T = -40°C to +85°C, unless
otherwise noted. Typical values are at Tp = +25°C, VBaT = 3.7V, VcHaIN = 5.0V, CcHaIN_EFF = 1UF, Cvpig_EFF = 1UF, Ccap_EFF
= 1uF, Csys err = 10uF, CgaT EFF = 1WF, Ck_out EFF = 10uF, C_ N = 1uF, C_out erFr = 1uF, CeeouTt EFF = 8.8F,

Small Li+ System

CpsTouT_EFF = 10uF, Lpk_ouT = 2.2uH, LeeouT = 2.2uH, LesTouT = 4.7uH. Limits are 100% tested at Tp = +25°C.) (Note 1)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
DIGITAL
SDA, SCL, MPC_, Input pullup/pulldown resistances
PFN_, RST, INT Input- ILk 10 disabled, Vio = OV to 5.5V -1 +1 HA
Leakage Current
SDA, SCL, MPC_ Input-
Logic High Vio_H 14 v
SDA, SCL, MPC__ Input-
Logic Low Vio_iL 0.4 v
L 0.7 x
PFN_ Input-Logic High V| OFF/SEAL mode V
_ Inp gic Hig PFN_IH_C VCCINT
. 0.3 x
PFN_ Input-Logic Low \Y, OFF/SEAL mode V
_ Inp g PFN_IL_C VECINT
PFN_ Input-Logic High VPEN IH_ T | ON mode 1.4 V
PFN_ Input-Logic Low VPEN_IL_ T ON mode 0.4 V
MPC_, PFN_ Input- .
Pullup Resistance Rio_pu Pullup resistance to VcoinT (Note 2) 170 kQ
MPC_, PEN_ Input-
Pulldown Resistance Rio_pp 170 kQ
MPC_ Output Logic- Vv lon = 1TmA, MPC_ configured as push- VBK10U Vv
High 10_OH pull output, pullup voltage is VeK10UT 1-04
SDA, MPC_, PFN_,
RST, INT Output Logic Vio_oL loL =4mA 0.4 V
Low
MPC6 Harvester RmPce_HARV | Harvester interaction enabled, pull-up 4 KO
Disable Pullup Resistor _DIS_RPU resistor to VoonT (Note 2)
SCL Clock Frequency fscL (Note 4) 0 400 kHz
Bus Free-Time Between
STOP and START tBUF 1.3 us
Condition
Hold Time for a
Repeated START tHD_sTA 0.6 us
Condition
Setup Time for a
Repeated START tsu_sTA 0.6 us
Condition
Low Period of SCL
Clock tLow (Note 5) 1.3 ys
High Period of SCL
Clock tHIGH 0.6 s
Data-Hold Time tHD DAT (Notes 6, 7) 0 0.9 us
Data-Setup Time tsu_DAT 100 ns
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MAX20360

Electrical Characteristics (continued)

PMIC with Ultra-Low I Regulators, Charger,

Fuel Gauge, and Haptic Driver for

Small Li+ System

(VBAT = VFGBAT = Vsys_uvLo (falling) to +5.5V, Vcygin = unconnected or VoHGIN_DET to +28.0V, T = -40°C to +85°C, unless
otherwise noted. Typical values are at Tp = +25°C, VBaT = 3.7V, VcHaIN = 5.0V, CcHaIN_EFF = 1UF, Cvpig_EFF = 1UF, Ccap_EFF
= 1uF, Csys err = 10uF, CgaT EFF = 1WF, Ck_out EFF = 10uF, C_ N = 1uF, C_out erFr = 1uF, CeeouTt EFF = 8.8F,
CpsTouT_EFF = 10uF, Lpk_ouT = 2.2uH, LeeouT = 2.2uH, LesTouT = 4.7uH. Limits are 100% tested at Tp = +25°C.) (Note 1)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Condiion tsu_sTo 0.6 us
Spike Pulse Widths
Suppressed by Input tsp (Note 8) 50 ns
Filter
SPI
SCLK Frequency fscLk 10 MHz
CS Setup Time tcs 10 ns
CS Hold Time tcH 100 ns
CS Pulse-Width High tiDLE 60 ns
DIN Setup Time tps 10 ns
DIN Hold Time tDH 20 ns
SCLK Pulse-Width Low tLow sPI 20 ns
SCLK Pulse-Width High tHIGH_SPI 20 ns

Note 1: All devices are 100% production tested at Tp = +25°C. Limits over the operating temperature range are guaranteed by design.
Note 2: VccnT is an internal supply generated from either BAT or CAP. Its voltage is determined by the following:

IF:[(VcHGIN > VeHGIN_DET AND Veap > Veap DET ) OR Veap > ( VBAT *+ VTHSWOVER ) ]

THEN: VceInT = Vear
ELSE: VceINT = VBAT

where VTyswover = 0mV-300mV

Note 3: Guaranteed by design, not production tested.
Note 4: Timing must be fast enough to prevent the Fuel Gauge from entering shutdown mode due to bus low for a period greater than

the shutdown timer setting.

Note 5: The SCL waveform must meet the minimum clock low time plus the rise/fall times.
Note 6: The maximum typ paT has only to be met if the device does not stretch the low period (t_ow) of the SCL signal.
Note 7: This device internally provides a hold time of at least 100ns for the SDA signal (refer to the minimum V| of the SCL signal) to

bridge the undefined region of the falling edge of SCL.

Note 8: Filters on SDA and SCL suppress noise spikes at the input buffers and delay the sampling instant.
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MAX20360 PMIC with Ultra-Low I Regulators, Charger,
Fuel Gauge, and Haptic Driver for
Small Li+ System

Typical Operating Characteristics

(VBaT = 3.7V, CcHaIN_EFF = 1HF, Cypic_gFF = 1uF, Ccap_eFF = 1WF, Csys_gFF = 10uF, CeaT_EFF = 1HF, CBk_ouT_EFF = 10uF,
CL_IN = 1WF, CL_out_EFF = 10F, CeBouT_EFF = 8.8uF, CesTouT_EFF = 10WF, Lk _ouT = 2.2uH, LeeouT = 2.2uH, LesTouT =
4.7uH, T = +25°C, unless otherwise noted.)

BAT INPUT CURRENT vs. BAT VOLTAGE BAT INPUT CURRENT vs. BAT VOLTAGE BAT INPUT CURRENT vs. BAT VOLTAGE
10 toc01, 8.0 . . . . toc01 20 toc01:
g | LDO2 ON, WITH L2IN CONNECT TO Vgt | 75 LDOZ ON, WITH L2IN CONNECTTO Ve 18
) ON MODE, LDO2, BUCK1,2,3 ON —~
8 | BaTTERY RECOVERY MoH)E, 1002 ON — [ | A < 16 =
= L = 70 | ONMODE, LDO2, BUCK1,2 0N 1~ EY
37 El ON MODE. Lp02. = ON MODE, ALL REGULATORS ON |
E [ S s D02, A =
Z 6 z BUCK1 ON ~ Y]
& ON MODE, ALL OFF . &
5 2 60 3 10
=} — =)
o — 3 st
= 4 I S 4 //y / ; 8
£ I I N = ; o
= = 50
g o o OO | MODE, S — ON MODE, LDG2 ON 2y
| LDO2 OFF 45 LDO2 ON, WITH L2IN
T | SEALMODE \ OFF MODE, LDG2 ON 2 CONNECT TO Vgpr |
o L—T ‘ L 40 0 L L
25 30 35 40 45 50 25 30 35 40 45 50 25 30 35 40 45 50
BAT VOLTAGE (V) BAT VOLTAGE (V) BAT VOLTAGE (V)
CHARGER PROFILE
CHARGER CURRENT vs. TEMPERATURE CHARGER VOLTAGE vs. TEMPERATURE Igar AND Vgp7 vs. TIME
60 toc02 5 tocO: 6 tocO: 100
‘ 90
5 4 s 5 Vear 80
_ ) Vgar 3.7V = & 0 E
T 40 [Veuen =5 FAST CHARGE | = =4 — =
£ Reer = 40kQ 4 3 IS 60
= _ Eo/ < > o
Z 30 |IPChg=5% lrcug g x 3 5 %
z s = | 0 o
3 = 180mAhr BATTERY BAT &
2 Vgap =27V © 2 |1~ VPChg =3.00V 0 Z
PRECHARGE IPChg = 5% lrciig 5
10 1 1 BatReg = 4.20V 20
BatReg = 4.2V Vengn = 5.00V 10
Veng = 5.0V Rt = 40kQ
0 0 CHGIN 0 SET = ~ 1,
40 5 10 35 60 85 40 15 10 35 60 85 0 50 100 150 200 250 300
T, (°C) TA(°C) TIME (MINUTES)
STEP-CHARGING CHARGER PROFILE
laar AND Vg a- vs. TIME STEP-CHARGING HYSTERESIS SYS VOLTAGE vs. CHGIN VOLTAGE
6 : BAT : BAT 05 400 100 : : t0c06 50 ‘ 10007
180mAhr BATTERY  ChglStep = 0.5lgcg 180mAhr BATTERY Ve = 2.8V
= - | VAT = &
5 | Vecha=300v BaiReg = 4.20V 90 %0 [ ey = 5.00V 5T HnEn=t
_ IPChg =5% Iy~ Vorain=5.00V 80 80 | Rger=40kQ 40
= ChgStepRise = 3.80V RSITT =40kQ - E E 70 BatReg = 4.2V 35
8 4 = = [~ ChgStepRise = 3.8V = v [
= [“"' "TVT 60 é E 60 | ChgStepHyst = 400mv Ig 30 y |
3 ]
> 3 BAT 50 £ Z 50 > £ 25
& \ 3 3 3
i 4w w40 > 20
E lgat o 9 v @
& 3L £ 30 @ 15
S o ——>
1 \ 20 20 10
\ 10 10 05
0 0 0 0.0
0 90 180 270 360 450 30 32 34 36 38 40 2 4 6 8
TIME (MINUTES) BATTERY VOLTAGE (V) CHGIN VOLTAGE (V)

www.maximintegrated.com Maxim Integrated | 37



MAX20360 PMIC with Ultra-Low I Regulators, Charger,
Fuel Gauge, and Haptic Driver for
Small Li+ System

Typical Operating Characteristics (continued)

(VBaT = 3.7V, CcHaIN_EFF = 1HF, Cypic_gFF = 1uF, Ccap_eFF = 1WF, Csys_gFF = 10uF, CeaT_EFF = 1HF, CBk_ouT_EFF = 10uF,
CL_IN = 1uF, CL_out _EFF = 1¢F, CeBouT_EFF = 8.8uF, CesTouT _EFF = 10UF, Lpk_ouT = 2.2uH, LggouT = 2.2pH, LesTouT =
4.7uH, T = +25°C, unless otherwise noted.)

SYS VOLTAGE vs. CHGIN VOLTAGE BUCK1/2 EFFICIENCY vs. LOAD BUCK1/2 EFFICIENCY vs. LOAD
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MAX20360 PMIC with Ultra-Low I Regulators, Charger,
Fuel Gauge, and Haptic Driver for
Small Li+ System

Typical Operating Characteristics (continued)

(VBaT = 3.7V, CcHaIN_EFF = 1HF, Cypic_gFF = 1uF, Ccap_eFF = 1WF, Csys_gFF = 10uF, CeaT_EFF = 1HF, CBk_ouT_EFF = 10uF,
CL_IN = 1uF, CL_out _EFF = 1¢F, CeBouT_EFF = 8.8uF, CesTouT _EFF = 10UF, Lpk_ouT = 2.2uH, LggouT = 2.2pH, LesTouT =
4.7uH, T = +25°C, unless otherwise noted.)

BUCK1/2 EFFICIENCY vs. Buck_ISet SETTING
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MAX20360 PMIC with Ultra-Low I Regulators, Charger,
Fuel Gauge, and Haptic Driver for
Small Li+ System

Typical Operating Characteristics (continued)

(VBaT = 3.7V, CcHaIN_EFF = 1HF, Cypic_gFF = 1uF, Ccap_eFF = 1WF, Csys_gFF = 10uF, CeaT_EFF = 1HF, CBk_ouT_EFF = 10uF,
CL_IN = 1uF, CL_out _EFF = 1¢F, CeBouT_EFF = 8.8uF, CesTouT _EFF = 10UF, Lpk_ouT = 2.2uH, LggouT = 2.2pH, LesTouT =
4.7uH, T = +25°C, unless otherwise noted.)

BUCK 1/2 SWITCHING FREQUENCY

BUCK1/2 EFFICIENCY vs. LOAD BUCK1/2 EFFICIENCY vs. Buck_ISet SETTING vs. LOAD
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MAX20360 PMIC with Ultra-Low I Regulators, Charger,
Fuel Gauge, and Haptic Driver for
Small Li+ System

Typical Operating Characteristics (continued)

(VBaT = 3.7V, CcHaIN_EFF = 1HF, Cypic_gFF = 1uF, Ccap_eFF = 1WF, Csys_gFF = 10uF, CeaT_EFF = 1HF, CBk_ouT_EFF = 10uF,
CL_IN = 1uF, CL_out _EFF = 1¢F, CeBouT_EFF = 8.8uF, CesTouT _EFF = 10UF, Lpk_ouT = 2.2uH, LggouT = 2.2pH, LesTouT =
4.7uH, T = +25°C, unless otherwise noted.)

BUCK 1/2 SWITCHING FREQUENCY

BUCK1/2 EFFICIENCY vs. Buck_ISet SETTING vs. LOAD BUCK 1/2 LOAD REGULATION
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MAX20360 PMIC with Ultra-Low I Regulators, Charger,
Fuel Gauge, and Haptic Driver for
Small Li+ System

Typical Operating Characteristics (continued)

(VBaT = 3.7V, CcHaIN_EFF = 1HF, Cypic_gFF = 1uF, Ccap_eFF = 1WF, Csys_gFF = 10uF, CeaT_EFF = 1HF, CBk_ouT_EFF = 10uF,
CL_IN = 1uF, CL_out _EFF = 1¢F, CeBouT_EFF = 8.8uF, CesTouT _EFF = 10UF, Lpk_ouT = 2.2uH, LggouT = 2.2pH, LesTouT =
4.7uH, T = +25°C, unless otherwise noted.)

BUCK 1/2 SWITCHING FREQUENCY BUCK 1/2 SWITCHING FREQUENCY
vs. LOAD BUCK 1/2 LOAD REGULATION vs. LOAD
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0 20 40 60 80 100 400ps/div 0.001 04 10 1000
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BUCK 3 SWITCHING FREQUENCY
BUCK3 EFFICIENCY vs. Buck3ISet SETTING uck3s vsc LOﬁD QUENC BUCK 3 LOAD REGULATION
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MAX20360 PMIC with Ultra-Low I Regulators, Charger,
Fuel Gauge, and Haptic Driver for
Small Li+ System

Typical Operating Characteristics (continued)

(VBaT = 3.7V, CcHaIN_EFF = 1HF, Cypic_gFF = 1uF, Ccap_eFF = 1WF, Csys_gFF = 10uF, CeaT_EFF = 1HF, CBk_ouT_EFF = 10uF,
CL_IN = 1uF, CL_out _EFF = 1¢F, CeBouT_EFF = 8.8uF, CesTouT _EFF = 10UF, Lpk_ouT = 2.2uH, LggouT = 2.2pH, LesTouT =
4.7uH, T = +25°C, unless otherwise noted.)

BUCK 3 SWITCHING FREQUENCY

vs. LOAD , BUCK 3 LOAD REGULATION BUCK3 LOAD TRANSIENT s
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BUCK 3 SWITCHING FREQUENCY
BUCK 3 LOAD REGULATION vs. LOAD BUCK 3 LOAD REGULATION
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MAX20360

PMIC with Ultra-Low I Regulators, Charger,
Fuel Gauge, and Haptic Driver for

Typical Operating Characteristics (continued)

(VBaT = 3.7V, CcHaIN_EFF = 1HF, Cypic_gFF = 1uF, Ccap_eFF = 1WF, Csys_gFF = 10uF, CeaT_EFF = 1HF, CBk_ouT_EFF = 10uF,
CL_IN = 1uF, CL_out _EFF = 1¢F, CeBouT_EFF = 8.8uF, CesTouT _EFF = 10UF, Lpk_ouT = 2.2uH, LggouT = 2.2pH, LesTouT =

4.7uH, Ta = +25°C, unless otherwise noted.)
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BUCKS3 EFFICIENCY vs. LOAD
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Small Li+ System

BUCKS3 EFFICIENCY vs. Buck3ISet SETTING
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80 /
75 /
70
65
Vgar =3.7V
60 Buck3VSet=1.8V |
55 lgksour=10MA ]
5 Buck3lAdpiDis = 0
0 75 150 225 300 375
Buck3ISet SETTING (mA)
BUCK 3 SWITCHING FREQUENCY
vs. LOAD )
35 toc67
Buck3VSet = 1.8V
| Buck3ISet = 375mA | Vaya=4.2V.__|
30 I BuckaladpDis = sY8
25 Vgys = 3.7V
20 /
15 / /
/) N
05 A
00 I Vsys = 3.3V
0 20 40 60 80 100
Iakaout (MA)
BUCK3 EFFICIENCY vs. LOAD
100 toc70
90
80 /
70
60
50
40
30
2 Buck3VSet=3.3
10 Buck3ISet = 375mA
0 Buck3I|AdptDis = 0
0.001 0.1 10 1000

lskaout (MA)
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MAX20360

PMIC with Ultra-Low I Regulators, Charger,
Fuel Gauge, and Haptic Driver for

Typical Operating Characteristics (continued)

(VBaT = 3.7V, CcHaIN_EFF = 1HF, Cypic_gFF = 1uF, Ccap_eFF = 1WF, Csys_gFF = 10uF, CeaT_EFF = 1HF, CBk_ouT_EFF = 10uF,
CL_IN = 1uF, CL_out _EFF = 1¢F, CeBouT_EFF = 8.8uF, CesTouT _EFF = 10UF, Lpk_ouT = 2.2uH, LggouT = 2.2pH, LesTouT =

4.7uH, Ta = +25°C, unless otherwise noted.)

BUCKS3 EFFICIENCY vs. Buck3ISet SETTING

100 toc7
95
90 /
= 8
&
5 8 =
=z
w75
]
&= 70
w
65
Vgar =37V
60 Buck3VSet=3.3V ]
55 lsksoyr= 10mA
5 Buck3IAdptDis = 0
0 75 150 225 300 375
Buck3ISet SETTING (mA)
BUCK 3 SWITCHING FREQUENCY
vs. LOAD
25 ‘ toc7:
Buck3vget =33V
Buck3ISet = 375mA
T 20 | Buck3lAdpDis = 1
=
5 Vgys =42V /
& 15
= |/
I
& |
10 /
=
S // Vgys = 3.7V
S os
= U /4
1) /
0.0
0 20 40 60 80 100
lskaout (MA)
BUCK DVS MODE 1 TRANSITION
Bk_Step = 10mV oot
11V
Vek_out 200mV/div
0.55v Bk_Step = 10mV
Buck_DVSVIt1 = 0.55V
“"Buck_DVSVIt2 = 0.9V
Buck_DVSVIt3 = 1.1V
DVS 4 2vidiv

10ps/div

www.maximintegrated.com

18
16
14
12
1.0
0.8
0.6
0.4
0.2
0.0

SWITCHING FREQUENCY (MHz)

3.40

3.35

3.30

325

320

3.15

BK30UT VOLTAGE (V)

3.10
3.05
3.00

1.1v

0.9v

Vek_out

DVS

BUCK 3 SWITCHING FREQUENCY

vs. LOAD et
N
/ Veig =42V
I/
%/ BuckZJVSet =33V
Buck3ISet = 375mA
Buck3|AdptDis = 0

0 100 200 300 400 500 600

Iskaout (MA)

BUCK 3 LOAD REGULATION

VSYi =42V

N
™

Vgys = 3.7V \\

N\

Buck3VSet = 3.3V
[~ Buck3ISet = 375mA
Buck3IAdptDis = 1

0 20 40 60 80 100

Igk3out (MA)

BUCK DVS MODE 1 TRANSITION
Bk_Step =10mV

toc78

p PP ORRTPTPRATTV
200mV/div
Bk_Step = 10mV
Buck_DVSVIt1 = 0.55V
Buck_DVSVIt2 = 0.9V
Buck_DVSVIt3 = 1.1V
4 2Vidiv

10ps/div

Small Li+ System

BUCK 3 LOAD REGULATION
toc7:
333 ‘
BuckVSet = 313V
332 Buck3ISet = 375mA
Buck3|AdptDis = 0
s 3.31 \
w
o 330
§ \ Vgys = 4.2V
3.29
= —=
Q 328
2 Vgys = 3.7V
= 37
3.26
3.25
0 100 200 300 400 500 600
Igk3out (MA)
BUCK3 LOAD TRANSIENT
toc76
BuCk3VSet = 3.3V
Buck3IAdptDis = 0
VBK3OUT | M imrer] 10mV/div (AC-
[iss——— COUPLED)
|
IksouT < 100mA/div
400ps/div
BUCK DVS MODE 1 TRANSITION
Bk_Step = 25mV
toc79
1.0V
VBK_out 200mV/div
055V Bk_Step = 25mV
++--Buck_DVSVIt1 = 0.55V
Buck_DVSVIt2 = 0.9V
Buck_DVSVIt3=1.1V
DVS . « 2vidiv

10ps/div
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MAX20360 PMIC with Ultra-Low I Regulators, Charger,
Fuel Gauge, and Haptic Driver for

Small Li+ System

Typical Operating Characteristics (continued)

(VBaT = 3.7V, CcHaIN_EFF = 1HF, Cypic_gFF = 1uF, Ccap_eFF = 1WF, Csys_gFF = 10uF, CeaT_EFF = 1HF, CBk_ouT_EFF = 10uF,
CL_IN = 1WF, CL_out_EFF = 10F, CeBouT_EFF = 8.8uF, CesTouT_EFF = 10WF, Lk _ouT = 2.2uH, LeeouT = 2.2uH, LesTouT =
4.7uH, T = +25°C, unless otherwise noted.)

BUCK DVS MODE 1 TRANSITION
Bk_Step = 50mV

BUCK DVS MODE 1 TRANSITION
Bk_Step = 50mV

BUCK DVS MODE 1 TRANSITION
Bk_Step = 25mV

toc82

toc80 toc81

1.1V ﬁ W Lol N N 1.1v m % Y [] (“ N N . T
0.9V W 0.9V "
VK out 200mVidiv
VK out Bk_Step = 25mV 200mV/div 0.55v Bk_Step = 50mV VK out Bk_Step = 50mV 200mVidiv

Buck_DVSVIt1 = 0.55V Buck_DVSVIt1 =0.55V ~++Buck_DVSVIt1 = 0.55V
Buck_DVSVIt2 = 0.9V Buck_DVSVIt2 =0.9v Buck_DVSVI2 = 0.9V
Buck_DVSVIt3=1.1V Buck_DVSVIt3 =1.1v Buck_DVSVIt3 = 1.1V

VS J 2vidiv Dvs Javidiv Dvs Javidiv

10ps/div 10ps/div 10ps/div

BUCK-BOOST EFFICIENCY vs. LOADt o BUCK-BOOST EFFICIENCY vs. SYS VOLT:MSSEE

BUCK-BOOST EFFICIENCY vs. LOADmCsa

100 100 100
90 o %M 90
80 I Vpar=4.2V i 80
En / [ Vear =37V LY _ E 1
> Vgar = 3.3V = - >
2 60 I = - 2 60
] o ]
S 50 & S 50
[ o o
w40 = w40
30 “ 30 BBstvSet=5vV |
BBstVSet = 5V BBstVSet = 3.3V BBstIPSet1 = 225mA
20— - BBstiSet! = 225mA 20— T BBstiSett = 100mA 2 BBstIPSet2 = 150mA ]|
10 BBstlSet2 = 150mA 10 BBstlSet2 = 200mA 10 BBstlAdptDis = 0
0 \B\\BﬁlAdptDIS\ _ \0\ m 0 E‘B\ﬁlAdptDls‘ - \0\ I 0 sgout = 200mA
0.001 0.1 10 1000 0.001 0.1 10 1000 27 34 41 48 55
lsgout (MA) lgout (MA) SYS VOLTAGE (V)
BUCK-BOOST EFFICIENCY vs. SYS VOLTAGE BUCK-BOOST RIPPLE vs. SYS VOLTAGE BUCK-BOOST RIPPLE vs. SYS VOLTAGE
100 {0086 45 toc87 30 toc88
0 F 40
80 & 35 — %
= o N o
€ 7 2 \ E
s £ 3 Z 2 —
> E
g ® T 2 = /‘
w [ o
8 50 x % 15 /
&40 'é @ 5 \/
s o
30 BBstVSet = 3.3V — a 1 BBstVSet = 5V 2 10 BBstVSet = 3.3V
20 BBstIPSet1 = 100mA 10 BBstIPSet1 = 225mA _] BBstIPSet1 = 100mA
BBstIPSet2 = 200mA BBstIPSet2 = 150mA 5 BBstIPSet2 = 200mA
10 BBstlAdptDis = 0 ] 5 BBstl/AdptDis =0 ] BBstlAdptDis = 0
0 lsgour = 200mA 0 lsgour = 250mA 0 lsgour = 250mA
27 34 441 48 55 27 34 41 48 55 27 34 41 48 55
SYS VOLTAGE (V) SYS VOLTAGE (V) SYS VOLTAGE (V)
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MAX20360 PMIC with Ultra-Low I Regulators, Charger,
Fuel Gauge, and Haptic Driver for

Small Li+ System

Typical Operating Characteristics (continued)

(VBaT = 3.7V, CcHaIN_EFF = 1HF, Cypic_gFF = 1uF, Ccap_eFF = 1WF, Csys_gFF = 10uF, CeaT_EFF = 1HF, CBk_ouT_EFF = 10uF,
CL_IN = 1WF, CL_out_EFF = 10F, CeBouT_EFF = 8.8uF, CesTouT_EFF = 10WF, Lk _ouT = 2.2uH, LeeouT = 2.2uH, LesTouT =
4.7uH, T = +25°C, unless otherwise noted.)

BUCK-BOOST LOAD TRANSIENT

BUCK-BOOST LOAD REGULATION BUCK-BOOST LOAD REGULATION FAST MODE ENABLED
toc89 toc90 toc91
5.00 3.35 _
4.95 3.30
= [———
B b e
N Vors =42V g i
Q 485 Vgys =37V b4 \ S 4x
3 180 Vs = 3.3V [ BBstVSet = 5V
=" 3 Vgys =37V N BBstiAdptDis=0 **
5 Q 315 BBstFast = 1
3 475 O\
® 470 310 I BRvset=33v teesazt N
. BBstVSet = 5V . StVSet = 3. = f .
BBStPSet! = 225mA BBsIPSet! = 100mA Vsrs = 33V legour | 100mavdiv
4.65 BBstIPSet2 = 150mA— 3.05 *BBstIPSet2.= 200mA m
BBstlAdptDis = 0 BBs!IAd‘ptDls =0 |
460 ‘ 3.00 -
0 100 200 300 0 100 200 300 400 500 4usidiv
Iggout (MA) lsgout (MA)
BUCK-BOOST LOAD TRANSIENT BUCK-BOOST RIPPLE BUCK-BOOST RIPPLE
FAST MODE DISABLED NO LOAD MODERATE LOAD
toc92 toc93 toc94
Vegout 50mVidiv (AC-
s, COUPLED)
| 10mvidiv 10mVidiv
BBstVSet = 5V VesouT (AC- Vegout (AC-
BBstiAdptDis = 0 COUPLED) COUPLED)
BBstFast =0
BBstVSet = 5V BBstVSet = 5V
" BBstIPSet1 = 225mA BBstIPSet1 = 225mA
s . BBstIPSet2 = 150mA BBstIPSet2 = 150mA
lsgour | «| 100mAVdiv BBstIAdptDis = 0 BBstlAdptDis = 0
e BBstFast=0 BBstFast =0
Iggout = OMA lggout = 150mA
4ps/div 200ms/div 1psidiv
BUCK-BOOST RIPPLE BUCK-BOOST SWITCHING FREQUENCY BUCK-BOOST SWITCHING FREQUENCY
HEAVY LOAD tocgs s vs. LOAD o s vs. LOAD o
’ \ ' Vgyg =42V
16 Vgys = 3.3V 1.6 ‘j
= Y —— A| = r—
Z 14 / = z 14 /
S 12 Veyg=37V | g 12 o\ X
" = =9. =4
10mV/div CEET) /// STS 2 10 / Veye =3.3V T~ Vgyg =3.7V —
Vagout N (Ac- e / / / Vgys = 4.2V S / sys = 3. Y = 9
COUPLED) & 3 £ 08
w o w o
BBstVSet = 5V 2 s // / 2 s //
= I I
BBt et = 220mA S o4 /4 BBstVSet=5V | g . / BBstVSet=33V |
BBstlAdptDis = 0 = ) BBstIPSet1 = 225mA = ) BBstIPSet1 = 100mA
BBstFast=0 2 02 BBstIPSet2 = 150mA | 2 00 BBstIPSet2 = 200mA |
> BBstIAdptDis = 0 BBst/AdptDis = 0
lssour = 300mA 00 ‘ 0.0 . .
Tusidiv 0 100 200 300 0 100 200 300 400 500
Iggout (MA) Iggout (MA)
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MAX20360 PMIC with Ultra-Low I Regulators, Charger,
Fuel Gauge, and Haptic Driver for
Small Li+ System

Typical Operating Characteristics (continued)

(VBaT = 3.7V, CcHaIN_EFF = 1HF, Cypic_gFF = 1uF, Ccap_eFF = 1WF, Csys_gFF = 10uF, CeaT_EFF = 1HF, CBk_ouT_EFF = 10uF,
CL_IN = 1WF, CL_out_EFF = 10F, CeBouT_EFF = 8.8uF, CesTouT_EFF = 10WF, Lk _ouT = 2.2uH, LeeouT = 2.2uH, LesTouT =
4.7uH, T = +25°C, unless otherwise noted.)

LDO1 LOAD REGULATION LDO1 LOAD TRANSIENT LDO1 LOAD TRANSIENT
1.05 ‘ ‘ toco8 toc99 toc100
_ - [ V=12V
Vi = 1.2V V=12V LN
viw=2v \ LEGvset= 1v LDO1Vset =1V
1.00 Vitour | =1 50mV/div (AC-  Vitout 50mV/div (AC-
_ k / COUPLED) COUPLED)
= -
£ 095 V=11V —]
= 1
090
e A e ] e
0.85 luiour | 1omavdiv Iuiour : 50mA/div
Vgys = 3.7V i e [resammm ]
LDO1VSet = 1V
0.80 ‘ - )
0 50 100 150 400ps/div 400ps/div
IL1out (MA)
LDO1 LDO MODE TO SWITCH MODE
LDO1 LDO MODE TURN-ON TIME LDO1 SWITCH MODE TURN-ON TIME MPC0 CONTROL
toc101 toc102 toc10:
; [}
Vi =12V v —‘1 v 3
LDO1VSet =1V LN = T / 1.2V
7 Visour 200mV/div
! 1V
Vitour § 200mVidiv - Visour § 200mV/div
; 4 : 4 Vupco o 1vidiv
1‘___4 [
108us
L 350us K Vi =12V
: ; LDO1Vset = 1V
100ps/div 40ps/div 10ps/div
LDO2 LOAD REGULATION LDO2 LOAD TRANSIENT LDO2 LOAD TRANSIENT
3.04 ‘ toc10: toc105 toc106
1 - u V=37V
Vion=3.7V L2IN
20 Vi =42V ] LEO2vset = 3v . LDO2Vset = 3V .
302 [ y=3v Ti Visout —— (1 /(\)g[nVIdlv Visout zggwwdw
= 30 R V=33 ¢ r COUPLED) COUPLED)
=
© 300
S 20 I B !
298 Vign= 8.1V
297
o AP S S
296 IL20uT | 10mA/div IL20ut 4 100mA/div
205 |- VSYS =3.7V P Sovhinmina] [rsrtempa! Foetrorerrr)
: LDO2VSet = 3V
294 ‘ -
0 50 100 150 400us/div 400ps/div

IL20uT (MA)
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MAX20360 PMIC with Ultra-Low I Regulators, Charger,
Fuel Gauge, and Haptic Driver for
Small Li+ System

Typical Operating Characteristics (continued)

(VBaT = 3.7V, CcHaIN_EFF = 1HF, Cypic_gFF = 1uF, Ccap_eFF = 1WF, Csys_gFF = 10uF, CeaT_EFF = 1HF, CBk_ouT_EFF = 10uF,
CL_IN = 1WF, CL_out_EFF = 10F, CeBouT_EFF = 8.8uF, CesTouT_EFF = 10WF, Lk _ouT = 2.2uH, LeeouT = 2.2uH, LesTouT =
4.7uH, T = +25°C, unless otherwise noted.)

LDO2 LDO MODE TURN-ON TIME LDO2 SWITCH MODE TURN-ON TIME LOAD SWITCH TURN-ON TIME
‘ toc107 toc108 . toc109
Visw_out 200mVidiv
Vizout i 500mVidiv - Vipout 500mVidiv d
: G ! !
s ‘ d ‘
1 1.32ms Vi =37V L s | 206ps
: ‘ LDO2VSet = 3V ! Vi =37V | 1uF LOAD
1ms/div 100ps/div 10ps/div
HV BOOST LOAD REGULATION
HV BOOST EFFICIENCY vs. LOAD HV BOOST EFFICIENCY vs. BSTOUT VOLTAGE
100 e g 100 = 13 T el
% v, ‘- 4.2V, BstiSet = 300mA % 0 ¥
80 80
70 | \Mﬁ”\_\s\ﬂ\@ Bs\ﬂ\sﬁt\ gu27 g 70 " V. =3 ‘7V \ \
g S| | Wear =33V, Bstiset=275ma = S 4 svs7 5 N
< 60 2 60 < ‘ 7
o i IS
T 50 g 50 2 9 Vays =33V —]
o o >
T 40 ur 40 8
r /
30 30
7
20 20
10 10 lsstour = 10mA | 6 - BstvSet=12v
) BstVSet =12V . BstiSet = OPTIMAL 5 L BstiAdRiEn=1
0001 001 01 1 10 100 5 10 15 20 0 20 40 60 80 100
lsstout (MA) BSTOUT VOLTAGE (V) Iesrout (MA)
HV BOOST SWITCHING FREQUENCY vs. I:(?«D HV BOOST SWITCHING FREQUENCY vs. ITOHAD HV BOOST LOAD TRANSIENT
14 e 25 oc
P Vsys = 4¥-ZV Vsyg =42V BstvSet = 12V
12 = [N BstlAdptEn = 1
N ] 20 Vasrout 10mVidiv (AC-
1.0 // a //\- e ] COUPLED)
= ——r = —
= - ju
S o8 Vs =37V _| —] s 15 Z N V=37V ]
> Vgys =33V >
(&) (&)
= E Vgys =33V
g 08 l 2 10
(] (]
w w
£ 04 £ |
/ 05 BsvsatL T2V lsTout 10mA/div
02 gs:l\;sdettg 12\4 7 BstiAdptEn = 0
S pten = =
00 . - 00 BstISet =275mA
0 20 40 60 80 100 0 20 40 60 80 100 400ps/div
lgsTout (MA) lasTouT (MA)
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MAX20360

PMIC with Ultra-Low I Regulators, Charger,
Fuel Gauge, and Haptic Driver for

Typical Operating Characteristics (continued)

(VBaT = 3.7V, CcHaIN_EFF = 1HF, Cypic_gFF = 1uF, Ccap_eFF = 1WF, Csys_gFF = 10uF, CeaT_EFF = 1HF, CBk_ouT_EFF = 10uF,
CL_IN = 1uF, CL_out _EFF = 1¢F, CeBouT_EFF = 8.8uF, CesTouT _EFF = 10UF, Lpk_ouT = 2.2uH, LggouT = 2.2pH, LesTouT =

4.7uH, Ta = +25°C, unless otherwise noted.)

EFFICIENCY (%)

=3
53

CHARGE PUMP EFFICIENCY vs. LOAD

toc116

Vgar =3.3V
.

©
S

@
S

—
I=]

=}
S

o
S

Vgar =37V —
Vgar=4.2V BAT

N
S

N ow
S S

o

CPVSet =5V

o

0.00 0.05 0.10 0.15 0.20 0.25
lcpout (MA)

HAPTIC DRIVER LRA AUTOTUNE ERROR
IN IniGss RESONANCE SETTING

ERROR = -10%

e

ERROR =-3%

e
B i
iR
o

NarLpGain = 0x02
WidLpGain = 0x04
EmfSkipCyc = 0x01
HAPTIC DRIVER
50ms LRA DRIVE
WITH AUTO BRAKING

40ms/div

toc122

AutoBrkDis = 0

VIBRATION

100mVidiv
MMW ‘ (é\g[JPLED)

DRP 4 2vidiv

40ms/div

www.maximintegrated.com

TIME TO LOCK (ms)

TIME TO RESONANCE LOCK
vs. INITIAL GUESS ERROR
500 (ESTIMATED BY VIBRATION AMPLITUDE) ,

450
400

350

300 — EmfSkipCyc = 0x01
WidLpGain = 0x04

250 PN cap
EmfSkipCyc = 0x01
200 Y

WidLpGain = 0x03

150 §§ | ——
100 k
EmfSkipCyc = 0x01
50 ——  WidLpGain = 0x02
| | |
0
-25 15 5 5 15 s
INITIAL GUESS ERROR (%)
HAPTIC DRIVER
LRA AUTOTUNE
toc120
DRP
LML
VIBRATION
100mV/div
(AC-
COUPLED)
| SVidiv
HptFrqLockint
100ms/div
HAPTIC DRIVER
100ms LRA DRIVE
WITHOUTAUTO BRAKING
AutoBrkDis = 1
VIBRATION
It 100mV/div
COUPLED)
DRP 4 2vidiv
40ms/div

Small Li+ System

HAPTIC DRIVER
LRA AUTOTUNE IniGss CLOSE
TO RESONANT FREQUENCY

toct1

IniGss = 200Hz

VIBRATION

100mV/div
AC-
COUPLED)

5Vidiv
4
100ms/div
HAPTIC DRIVER
50ms LRA DRIVE
WITHOUT AUTO BRAKING o121
AutoBrkDis = 1
VIBRATION )
100mVidiv
,MWM}MMWM (AC-
COUPLED)
DRP 9 2vidiv
40ms/div
HAPTIC DRIVER
100ms LRA DRIVE
WITH AUTO BRAKING woct2s
AutoBrkDis = 0
VIBRATION.
100mVidiv
st &
COUPLED)
DRP 4 2vidiv
40ms/div
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MAX20360 PMIC with Ultra-Low I Regulators, Charger,
Fuel Gauge, and Haptic Driver for
Small Li+ System

Typical Operating Characteristics (continued)

(VBaT = 3.7V, CcHaIN_EFF = 1HF, Cypic_gFF = 1uF, Ccap_eFF = 1WF, Csys_gFF = 10uF, CeaT_EFF = 1HF, CBk_ouT_EFF = 10uF,
CL_IN = 1WF, CL_out_EFF = 10F, CeBouT_EFF = 8.8uF, CesTouT_EFF = 10WF, Lk _ouT = 2.2uH, LeeouT = 2.2uH, LesTouT =
4.7uH, T = +25°C, unless otherwise noted.)

HAPTIC DRIVER HAPTIC DRIVER
100ms LRA DRIVE TRIGGERED 100ms LRA DRIVE EXTENDED HAPTIC DRIVER
BY10msMPCOPULSE BY500ms MPCOPULSE LRACLICK AND BOUNCE -

MPCO H 1 2vidiv MPCO 4 2vidiv
VIBRATION VIBRATION VIBRATION
: 100mVidiv 100mVidiv 100mVidiv
wormenr [l i e (AC- . vomrnsi (AC- s WW MWWNNWMWW AC-
COUPLED) COUPLED) COUPLED)

DRP 2Vidiv DRP 2V/div DRP 1 2vidiv
40ms/div 100ms/div 40ms/div
HAPTIC DRIVER HAPTIC DRIVER
HAPTIC DRIVER LRA AMPLITUDE vs. Vgar TIME FROM MPCO0 ASSERTION TIME FROM MPCO0 ASSERTION
TO EXT RAMHP VIBRATION TO EXTRIG VIBRATION
1.10 toc128 toc129 - toc130
I
Veg=3V 3 RAMHP MODE 3 ETRIG MODE
= 105 ‘ ‘
w 1 1
S 100 MPCO ; i j - 5Vidiv
E ///____/ 3 q 5Vidiv MPCO 3
Z 09 ; ‘
DRP : ' ;
8 0.90 - + svidv DRP SR 5V/div
e . -
x 138 ) ‘ i 36us TSR
= 08 DRN § 5Vidiv § 5Vidiv
0.80 1 i
28 30 32 34 36 38 40 42 44 46 48 50 20psfdiv 20psfdiv
Vear (V)
HAPTIC DRIVER HAPTIC DRIVER HAPTIC DRIVER
TIME FROM MPC0 ASSERTION TIME FROM HptDrvCIKEn 200ms ERM DRIVE
TO PPWM VIBRATION et ENABLED TO VIBRATION oeta 0ms BRAKE DURATION oe13s
PPIWM Y VIBRATION
5 ' SDA : 5V/div 100mV/div
- 5V/div d (AC-
MPCO M b I COUPLED)
oRp P Vi oRP § | 5Vidiv DRP SVidiv
- < DRN
37.2us - 5Vidiv 6.2ms o o
DRN : - DRN 5 5Vidiv 5Vidiv
20ps/div 2ms/div 40ms/div
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MAX20360 PMIC with Ultra-Low I Regulators, Charger,
Fuel Gauge, and Haptic Driver for
Small Li+ System

Typical Operating Characteristics (continued)

(VBaT = 3.7V, CcHaIN_EFF = 1HF, Cypic_gFF = 1uF, Ccap_eFF = 1WF, Csys_gFF = 10uF, CeaT_EFF = 1HF, CBk_ouT_EFF = 10uF,
CL_IN = 1WF, CL_out_EFF = 10F, CeBouT_EFF = 8.8uF, CesTouT_EFF = 10WF, Lk _ouT = 2.2uH, LeeouT = 2.2uH, LesTouT =
4.7uH, T = +25°C, unless otherwise noted.)

HAPTIC DRIVER HAPTIC DRIVER
200ms ERM DRIVE TIME FROM HptDrvCIkEn
50ms BRAKE DURATION oeta ENABLED TO 1s VIBRATION TIMEOUT CUSTOM RAMHP PATTERN
VIBRATION

VIBRATION

! 100mV/div "
(AC- SDA 1 5vidiv :/Eg[nwmv
COUPLED) COUPLED)
DRP.

1 5Vidiv DRP |.|l||.l_. 5Vidiv
DRP |
5Vidiv DRN lllll || | .II“I 5Vidiv 5vidiv

40ms/div 200ms/div 200ms/div

DRN
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MAX20360 PMIC with Ultra-Low I Regulators, Charger,
Fuel Gauge, and Haptic Driver for
Small Li+ System

Pin Configuration

MAX20360

BBOUT

C BBGND

BBOUT

BBLVLX BBHVLX

OIOIOINIVIOIOIONE
ODIVIOIOIOIOIONO)
OIOIOIOICIOIOIO)
OIOIOIOIOIOIOION
SIOIOIOIOIOIOIO]N &
SIOIOIOIOIOIOION
OIOIOIOINIOIOIN]
OIOIOIOIOIOIOION
OIVIOIOIOIOIOIO)

TOP VIEW (BUMP SIDE DOWN) TBUMP 0 1TCH WLP

Pin Description

PIN NAME FUNCTION
A1 BK1LX Buck 1 Regulator Switch. Connect a 1uH or 2.2uH inductor to BK1OUT.
Buck 1 Ground. All ground bumps must be connected on the PCB using a low-impedance trace, or
A2 BK1GND
on the GND plane.
Buck 1 Regulator Output. Bypass with effective capacitance to GND. Refer to the Buck Output
A3 BK1OUT . ) )
Capacitor Selection section.
A4 LED2 Current Sink Output 2
A5 LED1 Current Sink Output 1
A6 LEDO Current Sink Output 0
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Pin Description (continued)

PIN NAME FUNCTION
. i i i .
A7 BSTOUT Boogt Regulgtor Output. Bypass with effective capacitance to GND. Refer to the Boost Requlator
Section section.
A8 BSTHVLX Boost Regulator Switch. Connect through a 2.2uH or 4.7uH inductor to BSTLVLX.
A9 BSTGND Boost Ground. All ground bumps must be connected on the PCB using a low-impedance trace, or
on the GND plane.
B1 B9. D9 System Load Connection. All SYS bumps must be connected on the PCB using a low-impedance
‘3 e SYS trace or SYS plane. Bypass the common node with a minimum 10uF real capacitance (after
G1, H8 .
derating) to GND.
Buck-Boost Regulator Output. Bypass with effective capacitance to GND. Refer to the Buck-Boost
B2, C2 BBOUT ; ) ;
Output Capacitor Selection section.
B3 CPN Charge Pump Capacitor Negative Terminal. Connect 22nF (min), 33nF (max) capacitor to CPP.
B4 CPP Charge Pump Capacitor Positive Terminal. Connect 22nF (min), 33nF (max) capacitor to CPN.
B5 CPOUT Charge Pump Output. Bypass with 1uF capacitor to GND.
B6 MPCO Multipurpose Control I/O 0. LDO3 direct control option.
B7 MPC1 Multipurpose Control I/O 1. FAST control option for buck-boost.
B8 BSTLVLX Boost Regulator Switch. Connect through a 3.3uH or 4.7uH inductor to BSTHVLX.
Buck-Boost Ground. All ground bumps must be connected on the PCB using a low-impedance
C1 BBGND
trace, or on the GND plane.
C3 MPC2 Multipurpose Control I/O 2
C4 MPC3 Multipurpose Control I/O 3
C5 MPC4 Multipurpose Control I/O 4
C6 MPC6 Multipurpose Control I/O 6
C7 MPC7 Multipurpose Control I/O 7
Cc8 SFOUT Safe Out LDO. Bypass with 1uF real capacitor (after derating) to GND.
Battery Connection. Connect to a positive battery terminal. Bypass with a minimum 1uF real
C9 BAT ; :
capacitor (after derating) to GND.
D1 BBLVLX Buck-Boost Regulator Switch LV Side. Connect through 2.2uH inductor to BBHVLX.
D2 BBHVLX Buck-Boost Regulator Switch HV Side. Connect through 2.2uH inductor to BBLVLX.
D3 MPC5 Multipurpose Control I/O 5
D4 PFN1 Configurable Power Mode Control Pin (e.g., KIN)
D5 PFN2 Configurable Power Mode Control Pin (e.g., KOUT)
D6 TPU Battery Temperature Thermistor Measurement Pullup. Internally connected to VDIG during battery
temperature thermistor measurement. Do not exceed 2mA load on TPU.
D7 IVMON Voltages and Charging Current Monitor Multiplexer Output.
External Resistor Connection for Battery Charge Current Level Setting. Do not connect any
D8 ISET . S . . .
capacitance on this pin. Maximum allowed capacitance: CisgT < (5us / RisgT) PF-
Haptic Driver Ground. All ground bumps must be connected on the PCB using a low-impedance
E1 HDGND
trace, or on the GND plane.
E2 DRN Haptic Driver Negative Output
E3 INT Interrupt Open-Drain Output. Active-low.
E4 RST Reset Open-Drain Output. Active-low.
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Pin Description (continued)

PIN NAME FUNCTION
Digital Ground. All ground bumps must be connected on the PCB using a low-impedance trace, or
E5 DGND
on the GND plane.
Analog Ground. All ground bumps must be connected on the PCB using a low-impedance trace, or
E6, F6 AGND
on the GND plane.
E7 SDA I2C Serial Data Input/Open-Drain Output
E8 CAP Internal Reference Supply. Bypass with 1uF real capacitor (after derating) to GND.
E9 CHGIN +28V/-5.5V Protected Charger Input. Bypass with 1uF real capacitance (after derating) to GND.
Haptic Driver H-Bridge Supply. Connect using a low-impedance trace to SYS for normal operation
F1 HDIN or to BBOUT when a higher drive voltage is required. Bypass with a local capacitor to GND if the
trace up to SYS or BBOUT bypass capacitors is longer than 10mm.
F2 DRP Haptic Driver Positive Output
F3 THM Battery Temperature Thermistor Measurement Connection
F4 VDIG Internal Reference Supply. Bypass with 1uF real capacitor (after derating) to GND.
Substrate Connection. All ground bumps must be connected on the PCB using a low-impedance
F5 GSuB
trace, or on the GND plane.
F7 CSPH Fuel Gauge Sense Resistor Positive Sense Point. Kelvin connect to the system side of the sense
resistor.
F8 SCL I2C Serial Clock Input
Buck 2 Regulator Output. Bypass with effective capacitance to GND. Refer to the Buck Output
F9 BK20OUT . . .
Capacitor Selection section.
Buck 3 Regulator Output. Bypass with effective capacitance to GND. Refer to the Buck Output
G2 BK30UT . ) .
Capacitor Selection section.
G3 L1IN LDO 1 Input. Bypass with 1uF capacitor to GND.
G4 L10OUT LDO 1 Output. Bypass with 1uF real capacitor (after derating) to GND.
G5 LSW20UT | Load Switch 2 Output
G6 LSW2IN Load Switch 2 Input
== Alert Output. The ALRT pin is an open-drain active-low output that provides fuel-gauge alerts.
G7 ALRT .
Connect to GND if not used.
G8 CSN Fuel Gauge Resistor Sense Point. Kelvin connect to the cell-side of the sense resistor.
G BK2GND Buck 2 Ground. All ground bumps must be connected on the PCB using a low-impedance trace, or
on the GND plane.
H1 BK3LX Buck 3 Regulator Switch. Connect a 2.2uH inductor to BK3OUT.
H2 BK3GND Buck 3 Ground. All ground bumps must be connected on the PCB using a low-impedance trace, or
on the GND plane.
H3 L2IN LDO 2 Input. Bypass with 1uF capacitor to GND.
H4 L20UT LDO 2 Output. Bypass with 1uF real capacitor (after derating) to GND.
H5 LSW1IN Load Switch 1 Input
H6 LSW10UT | Load Switch 1 Output
H7 FGBAT Fuel Gauge Power Supply and Battery Voltage Sense Input. Connect to the positive terminal of a
battery cell. Bypass with a 0.1uF real capacitor (after derating) to GND.
H9 BK2LX Buck 2 Regulator Switch. Connect a 1uH or 2.2uH inductor to BK20OUT.
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Detailed Description

The MAX20360 is a highly integrated and programmable power management solution designed for ultra-low-power
wearable applications. It is optimized for size and efficiency to enhance the value of the end product by extending battery
life and shrinking the overall solution size. A flexible set of power-optimized voltage regulators, including multiple buck,
boost and buck-boost converters, and linear regulators, provides a high level of integration and the ability to create a
fully optimized power architecture. The quiescent current of each regulator is ultra-low targeted at extending battery life
in always-on applications.

The MAX20360 includes a complete battery management solution with battery seal, charger, power path, and fuel
gauge. Both thermal management and input protection are built into the charger. The device also includes a factory
programmable button controller with multiple inputs that are customizable to fit specific product UX requirements.

Three integrated LED current sinks are included for indicator or backlighting functions, and an ERM/LRA driver with
automatic resonance tracking is capable of providing sophisticated haptic feedback to the user. A low noise, 1.5W
buck-boost converter provides a clean way to power LEDs commonly used in optical heart-rate systems. The device is
configurable through an I2C interface that allows for programming various functions and reading device status, including
the ability to read temperature and supply voltages with the integrated ADC.

Power Regulation

The MAX20360 features three high-efficiency, low-quiescent current buck regulators (see the Buck Requlators section),
a buck-boost regulator (see the Buck-Boost Reqgulator section), two low-quiescent current, low-dropout linear regulators
(LDOs) (see the LDOs section), a low-quiescent current charge pump (see the Charge Pump section), a low-quiescent
current, high voltage boost (see the Boost Regulator section), and two dedicated load switches (see the Load Switches
section). Excellent light-load efficiency allows the switching regulators to run continuously without significant energy cost.
The buck, buck-boost, and boost regulators can operate in a fixed peak current mode for low-current applications or an
adaptive peak-current mode to improve load regulation, extend the high-efficiency range, and minimize capacitor size
when more current is required.

Dynamic Voltage Scaling

All of MAX20360 regulators feature dynamic voltage scaling (DVS) to scale the output voltage without disabling the
converter. The regulator output voltages are set by direct 12C writes to the corresponding VSet register. In addition to 12C
DVS, the buck and buck-boost regulators feature two additional control methods for applications where timing is critical:
GPIO DVS and SPI DVS. Note that the output-voltage slew rate remains the same in all DVS modes.

Buck DVS transitions maximize the output-voltage slew rate while controlling inrush current for devices that require fast
voltage transitions. The other regulators minimize inrush current by limiting the output-voltage slew rate. A typical DVS
transition on a buck regulator has a rise time of 10us. (Note S_DVS_HC)

DVS Mode 0 (I2C DVS Mode)

DVS Mode 0 configures the regulator outputs to be controlled by 12C. If Buck_DVSCfg or BBstDVSCfg = 00000 (see
these bits: Buck1DVSCfq, Buck2DVSCfg, Buck3DVSCfg, BBstDVSCIfq), the output voltage of that regulator is controlled
by I2C writes to the Buck_VSet or BBstVSet bitfield (see these bits: Buck1VSet, Buck2VSet, Buck3VSet, BBstVset). Note
that a regulator in I2C DVS mode must be unlocked before modifying the output voltage. Regulators are unlocked by
setting their lock mask bit to 0 in LockMsk (see bit: LockMsk) and writing the unlock password 0x55 to the LockUnlock
register (see register: LockUnlock).

DVS Mode 1 (GPIO DVS Mode)

In DVS Mode 1, two MPC inputs select the regulator output from four programmed values. To configure a regulator output
for GPIO mode, set the corresponding Buck_DVSCfg or BBstDVSCfg bits (see bits: Buck1DVSCfg, Buck2DVSCfq,
Buck3DVSCfg, BBstDVSCfq) to any value between 00001 and 11100. Each code selects a different pair of MPC__ pins to
control the regulator. See the DVS Cfg register descriptions (refer to bits: Buck1DVSCfqg, Buck2DVSCfq, Buck3DVSCfq,
BBstDVSCfq) for details on which MPC inputs are used for a code. In each case, the first MPC listed controls the lower
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bit and the second MPC controls the higher bit.

The four xxxDVSVIt_ bitfields (see bits: Buck1DVSVIt0, Buck1DVSVIt1, Buck1DVSVIt2, Buck1DVSVIt3, Buck2DvsVIt0,
Buck2DvsVit1, Buck2DvsVit2, Buck2DvsVIt3, Buck3DvsVIt0, Buck3DvsVIt1, Buck3DvsVIt2, Buck3DvsVit3, BBstDvsVit0,
BBstDvsVit1, BBstDvsVIt2, BBstDvsVit3) are loaded with the corresponding regulator's factory default voltage when the
MAX20360 first powers on. After the startup process, each 6-bit output voltage level can be programmed using the 12C for
each converter in the Buck_DVSVIt_ and BBstDVSVIt_ bitfields. As the MPC inputs change, the regulator output adjusts
to the newly selected level as illustrated in Figure 1. Voltage levels are selected as shown in Table 1.

Table 1. DVS Mode 1 Voltage Selection

GPIO1 GPIOO DVS VOLTAGE
0 0 VIt
0 1 Vit1
1 0 Vit2
] p Vit3
OUTPUT A |
VOLTAGE

DISCHARGE
DEPENDENT
ON LOAD

|

|
_DVSVIBE0] b — — —| — — — -+ ———+

|

DVSVIRE0] b — — —— — — ~

_DVSVItO[5:0]  [—

|
|
|
|
|
|
DVSVHISO] = — — —|
|
|
|
|
|
|
T

MPC_

MPC_

Figure 1. DVS Mode 1, GPIO Control

SPI DVS Mode (DVS Mode 2)

In DVS Mode 2, the regulator voltages are changed by writing command bytes to a 3-wire SPI interface. The SPI interface
uses MPCO-MPC2. MPCO becomes the active-low chip select pin CS, MPC1 becomes the clock SCLK with polarity
0, and MPC2 becomes the data input pin DIN. Data is clocked in on the SCLK rising edge. The maximum SPI clock
frequency is 8MHz. A command byte comprises two address bits (ADD[1:0]) that select the regulator and six voltage bits
(VLT[5:0]) that set the voltage. Figure 2 shows how data is clocked in SPI mode.

The output voltage is latched on the 8th rising edge of the clock. Note that voltages set by the SPI interface are mirrored
in the Buck_SPIVIt and BBstSPIVIt bitfields for each converter and readback must be done over 12C. Figure 3 shows two
regulators controlled in DVS Mode 2.

The DVS SPI interface supports single-byte and burst-mode data transfer. In single-byte mode, CS goes high after each
command byte is transferred. In burst-mode, all command bytes are written to the MAX20360 before CS returns high.
Figure 4 shows how data is written in both modes.
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Figure 2. DVS Mode 2 SPI Timing
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Figure 3. DVS Mode 2, SPI Control
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Figure 4. Single-Byte and Burst-Mode SPI Access

Dedicated DVS Interrupts

To quickly alert a host processor when a DVS transition is complete, the MAX20360 features the option to configure the
MPCO0-MPCE6 pins as dedicated PGOOD interrupts. To configure the dedicated interrupt, write the desired BK_MPC_Sel
bit(s) in registers 0x70-0x72. Additionally, interrupts signalling changes in the haptic driver, ADC, and USBOKk statuses
are available as dedicated MPC interrupts as well.
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Buck Converter DVS Options

The MAX20360 buck converters feature two DVS valley current settings that can be selected using the Buck_DVSCur
bits. Both 500mA and 1A settings are available. The 500mA valley-current setting offers a slightly slower transition
time while minimizing the voltage overshoot that can occur due to demagnetization of the inductor at the end of the
transition. The 1A valley-current setting offers the fastest DVS transition time, but can exhibit overshoot due to inductor
demagnetization. Care should be taken that the overshoot is not potentially damaging to downstream devices.

LDOs

LDO Output Capacitance Selection

The LDOs on MAX20360 are designed to operate with a minimum of 1uF of real capacitance on the output. Pay attention
to capacitance derating with DC voltage bias and other factors when making your capacitor selection.

LDO1 MPCO0 Control

Both of the LDOs on MAX20360 can be enabled using an MPC input and are configurable as load switches. The
low voltage LDO1 offers an additional, on-the-fly configuration option. Setting the LDO1_MPCOCNT (see bit
LDO1_MPCOCNT) bit to 1 configures LDO1 to be controlled by MPCO based on the state of LDO1_MPCOCNF (see
bit LDO1_MPCOCNF). If LDO1_MPCOCNF = 0, MPCO changes LDO1 between LDO mode and switch mode. If
LDO1_MPCOCNF = 1, then MPCO enables or disables LDO1 in switch mode. See Table 2 for LDO1 MPCO control detail.
Using this MPC control allows the state of LDO1 to be changed much more quickly than through I2C writes on the order of
microseconds. Rapid control of LDO1 supports applications that require minimal delays. For example, quickly increasing
the LDO1 output voltage by changing from LDO mode to switch mode reduces the time required for an application
processor to transition from a low-power sleep mode to a higher-voltage active state.

Table 2. LDO1 MPCO Control

LDO1En LDO1_MPCOCNF LDO1_MPCOCNT MPCO0 CONTROL
00 1 1 MPCO control switch mode on/off
0 1
01 1 p MPCO control LDO mode or switch mode
10 1 1 MPCO control switch mode on/off
1 1

11 MPCO control switch mode on/off

Internal Switchover for LDO2 Always-On Power

In order to power LDO2 when no battery voltage is present, an internal switchover circuit is available. This switchover
circuit requires that the LDO be bypassed at the L2IN node by 1uF of capacitance. The L2IN node must otherwise be
left unconnected. The switchover circuit automatically powers the LDO from a regulated voltage off of CHGIN so that it
is powered even if no battery is present. This option can be enabled by default at the factory or left disabled by default.
Either way, the behavior is programmable by 12C after startup. This function is intended to support an output voltage of
1.8V or lower and a load current of 100pA (max) or smaller. The RoN L2|N specification in the electrical characteristics
table is used to generate the worst-case output-power capability based on the minimum input voltage from Ve nT (See
Note 2), maximum output voltage of LDO2, and the maximum on-resistance.

Load Switches

The MAX20360 load switches allow a system to disconnect loads when inactive to reduce quiescent current. To limit
inrush on enabled, each load switch initially behaves as a constant current source with the value Isyy sTART. Current
mode remains until the switch output is charged to meet the condition Vsw N - Vsw ouT < Vsw PROT. Once the
condition is met, the switch turns fully on and connects LSW_IN to LSW_OUT. If this condition is not met within the
startup time-out tsTyp Lsw, the switch attempts to turn on after a retry delay tRTRY Lsw-

Both switches feature optional voltage protection to prevent overcurrent. A protection comparator monitors the difference
between the input and output voltages. If the difference exceeds Vs pRroT, the switch is opened to protect downstream
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circuitry. The comparator can be disabled with the LSW_Lowlq bit to reduce quiescent current if the upstream power
supply has its own overcurrent protection.

Boost Regulator

The MAX20360 includes a high-voltage boost converter that supports output voltages up to 20V for powering display
backlight LEDs, piezo buzzers, or other system components requiring high supply voltages. In order to maximize the
ease of implementation, the peak current settings of the boost regulator are automatically adjusted to the most optimal
settings for a given output voltage when BstlSetLookUpDis = 0 (see BstISetLookUpDis). If a different peak current setting
is desired, the BstlSetLookUpDis = 1 (see BstlSetLookUpDis) setting must be selected. In order to maintain stability,
the boost must meet minimum capacitance requirements. Figure 5 below shows the required effective capacitance for a
given output voltage to guarantee stability.

MINIMUM Coy; grr FOR HVBOOST STABILITY vs. Vyy
L = 3.3uH, ADAPTIVE CURRENT MODE ENABLED

16

14

Cour err (MF)
® o
’—_——__

5.0 75 10.0 12.5 15.0 17.5 20.0
Vestout (V)

Figure 5. Minimum Effective Capacitance for HYBOOST Stability

Boost Inductor Selection

Inductor selection for the MAX20360 high-voltage boost converter should be optimized for the intended application. A
4.7uH inductor value is recommended for this boost; however, 3.3uH and 2.2uH inductors can be used for the tradeoff of
efficiency. Aside from the inductor value physical size, DC resistance (DCR), maximum average current, and saturation
current are the primary factors to consider. The maximum average inductor current is obtained using the following
equation:

/ _ Yout max*lout max
L MAX = *Vin MIN

where,

VouT_MAx = Maximum expected operating voltage
louT_mAx = Maximum expected output current
VIN_MIN = Minimum expected operating input voltage

n = Expected worst-case efficiency in the minimum input voltage and maximum output power case (see the Typical
Operating Characteristics section for help in estimating efficiency)

The average inductor current calculated above dictates the required maximum average current for temperature rise on
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the inductor. In order to determine the required inductor saturation current, the peak current must be calculated. The
peak current for this converter can be calculated as:

1.15 x BstlSet
2

IL_PEAK_CCM = IL_MAX + + 100mA and IL_PEAK_DCM =1.15 x BstlSet + 100mA

where BstlSet is the peak current setting set as described in the Boost Inductor Peak Current section. (see Bst/Sef)

When selecting an inductor, one primary factor in achieving high efficiency is the DCR of the inductor. For maximum
efficiency, select an inductor with the lowest DCR possible in the required package size. Another factor to consider is
magnetic losses. Generally magnetic losses are lower in inductors with larger physical size and/or higher saturation
current ratings. In most cases, ferrite inductors should be avoided as they tend to exhibit poor AC characteristics,
especially in DCM.

Boost Capacitor Selection

The high-voltage boost is designed to operate with a minimum of 4.8uF of real capacitance on the output. Pay attention
to capacitance derating with DC voltage bias and other factors when making your capacitor selection.

Inductor Peak Current Limit

The boost regulator monitors the maximum value of the inductor current each switching cycle to control the end of the
On phase. The peak current can be fixed to the value BstliSet (BstlAdptEn = 0) or allowed to change based on load
requirements (BstIAdptEn = 1) (see bits: Bst/Set, BstlAdptEn). It is strongly recommended to leave BstIAdptEn = 1 as the
setting as this greatly improves load regulation and extends the range over which the converter achieves high efficiency.
Peak current is set in the BstlSet register. In order to maximize the ease of implementation, the peak current settings
of the boost regulator are automatically adjusted to the settings shown in Figure 6 when BstlSetLookUpDis = 0 (see bit:
BstISetLookUpDis). These are the optimal settings for a given output voltage. If a different peak current setting is desired
the BstlSetLookUpDis = 1 (see bit: Bst/SetLookUpDis) setting must be selected; only then will the BstISet register have
any effect.

OPTIMAL BstiSet[3:0] SETTING vs. Vgsroyr

475 ‘ ‘ ‘ ‘
450 |Hestour = 10mA S
425 *LBSTOUT = Murata DFE201610E-4R7M___|

400
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350 /|
<325
£ 300
B 275
2 250
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200
175
150
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100

N\
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Vestout (V)

Figure 6. Optimal Peak Current vs. Voltage Lookup Table
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Boost Converter and LEDO Closed Loop Operation

The boost regulator has a feature allowing it to work in closed loop with the LED current sink LEDO. The intent is to
allow LEDs that are driven by LEDO and the boost to be run as efficiently as possible. When LED_BoostLoop = 1
(see bit: LED_BoostLoop), the boost voltage is adjusted in order to regulate the voltage at LEDO to the value set by
LEDO_REFSEL (see bit: LEDO_REFSEL). This allows the headroom at the LEDO current sink to be minimized, and as a
result, the efficiency of driving the LEDs is maximized. The boost regulation circuit can only act to increase the voltage
from the initial setting and has a 5V range of adjustability.

Buck-Boost Regulator

The MAX20360 buck-boost regulator provides a low-ripple voltage rail that can be used for voltage regulation near
or above the battery voltage. The buck-boost is sized to be ideal in powering LEDs used in photoplethysmography
(PPG) systems. This includes PPG systems with short wavelength LEDs that require large forward voltage drops. The
buck-boost topology as well as the dynamic voltage scaling capabilities allow the user to adjust the output voltage to
accommodate as little headroom on the LED current sink as possible to maximize efficiency.

Several other controls help to optimize the efficiency and output noise of the regulator. These include peak current control
and automatic peak and valley current adjustment. Additionally, the Buck-Boost regulator can operate in buck-only mode
to increase efficiency when VggouyT is much lower than Vgys.

Buck-Boost Inductor Selection

Inductor selection for the MAX20360 should be optimized for the intended application. A 2.2uH inductor value is required
for this buck-boost. Aside from the inductor value physical size, DC resistance (DCR), maximum average current, and
saturation current are the primary factors to consider. The maximum average inductor current is obtained using the
following equation:

; _ Vout max *!out mAx
L_MAX = N Vin MIN

where,

VouT_MAx = Maximum expected operating voltage
louT_mAx = Maximum expected output current
VIN_MIN = Minimum expected operating input voltage

n = Expected worst-case efficiency in the minimum input voltage and maximum output power case (see the Typical
Operating Characteristics section for help in estimating efficiency).

The average inductor current calculated above dictates the required maximum average current for temperature rise on
the inductor. In order to determine the required inductor saturation current, the peak current must be calculated. The
worst case peak current for this converter can be calculated as the higher value between:

~ 1.15 x (BBstIPSet1 + BBstlPSet2)
I Peak ccm = IL_max * 5 +100mA

and
IL_PEAK_DCM =1.15x% (BBSt'PSGt1 + BBSthSGt2) + 100mA
If IL_pEAK is expected to occur when V) is lower than VoyT by at least 100mV, a less pessimistic assumption can be

taken as the lower of the below:

1.15 x BBstIPSet1
IL_PEAK oM = L MAX + ——5 >+ 100mA and I|_pgak_pcwm = 1.15 x BBstIPSet1 + 100mA

where BBstIPSet1 and BBstIPSet2 are the peak current settings.

When selecting an inductor, one primary factor in achieving high efficiency is the DCR of the inductor. For maximum
efficiency, select an inductor with the lowest DCR possible in the required package size. Another factor to consider is
magnetic losses. Generally magnetic losses are lower in inductors with larger physical size and/or higher saturation
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current ratings. In most cases, ferrite inductors should be avoided as they tend to exhibit poor AC characteristics,
especially in DCM. Refer to Table 3 for inductor recommendations for a given optimization parameter.

Table 3. Recommended Inductors

OPTIMIZATION PARAMETERS VENDOR PART NUMBER
Efficiency Murata DFE201610E-2R2M
Size Murata DFE18SBN2R2MEL

Buck-Boost Output Capacitor Selection

The buck-boost is designed to be compatible with small case-size ceramic capacitors. As such, the device has low output
capacitance requirements to accommodate the steep voltage derating of 0603 and 0402 (imperial) case-size capacitors.
The sample derating curve in Figure 7 shows the required minimum capacitance for the BBOUT node.

SAMPLE CAPACITOR DERATING CURVE
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Figure 7. Buck-Boost Required Minimum Output Capacitance

Architecture and Switching Phases

The buck-boost comprises a typical noninverting buck-boost topology. Figure 8 illustrates the regulator's basic structure
with arrows depicting the current flow in each switching phase. Depending on the register settings and input-to-output
voltage relationship, the buck-boost sequences through the below switching phases in a particular order to deliver charge
to the output. At most two switches are on in any given phase.

e Phase 1: MP1 on, MP2 on. Inductor charges.

e Phase 2: MP1 on, MN2 on. Inductor charges.

e Phase 3: MN1 on, MP2 on. Inductor discharges.

e Phase 4: MN1 on, MN2 on. Freewheeling.

The buck-boost features a frequency comparator to monitor its switching frequency. Switching frequency increases as
the load current increases. Under light loads, the buck-boost optimizes its feedback loop for low quiescent current. When
load requirements increase the switching frequency to the fy gy threshold, the low-quiescent current mode is disabled
to improve response time. The transition above this threshold generates a discontinuity in the output-voltage ripple. If
the transition occurs at a sensitive current causing noise on the output at a critical frequency, adjustment of the fqigH
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threshold is recommended with the trade-off of a slight decrease in light load efficiency. The fy gH threshold is set by the
BBFHighSh setting in the BBstCfg1 register (see register: BBstCfg1). Hysteresis prevents the buck-boost regulator from
resuming the low-quiescent current mode until the switch frequency decreases to fyign/4.

MP1 MP2
Vsys —KH LVLX VBBOUT

%
BT

Figure 8. The Buck-Boost Regulator and Switching Phases

Buck-Boost Mode

When BBstMode (register 0x31[1]) is O, the regulator operates in buck-boost mode. The inductor charges in phase
2 up to BBstIPSet1 (register 0x33[3:0]). This minimizes noise when Vgyg is close to VggoyT. The buck-boost then
transitions to phase 1. If Vgys > VggouT, the inductor continues charging until either the current reaches BBstIPSet1 +
BBstIPSet2 (register 0x33[7:4]) or after a 500ns delay. If Vgys < VegouT, the buck-boost waits for the 500ns delay to
elapse or until the current drops to the valley limit. Next, the regulator enters phase 3 to discharge the inductor current
to the valley limit. When the inductor current reaches the valley-current crossing threshold or falls below 0, the regulator
freewheels in phase 4 until the next charge phase. When operating in continuous conduction mode (CCM), the buck-
boost enters phase 4 for approximately 30ns if BBZCCmpEnb = 1. The buck-boost skips phase 4 when operating in
CCM and BBZCCmpEnb = 0. The valley behavior is determined by BBZCCmpEnb (register 0x34[5]). Figure 9 shows the
inductor current in buck-boost mode.

| 500ns |

INDUCTOR 205 !
CURRENT |— -} — — . —| — — BBstiPSet1 + BBstIPSet2
7\
S\ — 77/ BBstPSett
2| 3 2

1 [

I I o
4 TIME

Vsys > VBBOUT Vsys = VBBOUT

Vsys < VBBOUT

Figure 9. Buck-Boost Inductor Current in Buck-Boost Mode

Buck-Only Mode

To maximize efficiency when Vgys > VggouT, the buck-boost regulator has a buck-only mode. When BBstMode = 1, the
regulator behaves as a synchronous buck regulator. The inductor charges in phase 1 until the inductor current reaches
BBstIPSet1. The regulator then transitions to phase 3 to provide a path to deliver the inductor current to the output. Figure
10 shows the inductor current in buck-only mode.

Buck-only mode reduces switching losses present in buck-boost mode. Buck-only mode should be used when VggouT
is always less than Vgys to maximize efficiency.
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Figure 10. Buck-Boost Inductor Current in Buck-Only Mode

Inductor Peak and Valley Current Limits

The buck-boost regulator monitors the maximum and minimum values of the inductor current. Peak and valley currents
can be fixed to the values in BBstIPSet_ and OmA, respectively (see bits: BBstIPSet1, BBstIPSet2), or allowed to change
based on load requirements if BBstlIAdptDis = 0 (see bit: BBst/AdptDis).

Peak currents are set in the BBstlSet register (see register: BBst/Set). BBstIPSet1 controls the peak current when Vgyg
< VBBouT and when the regulator is in buck-only mode. BBstIPSet2 sets a secondary current limit when Vgys > VggouT
in buck-boost mode. The total inductor current limit when Vgys > VggouT is BBstIPSet1 + BBstIPSet2. The buck-
boost regulator transitions from phase 1 to phase 3 if the inductor current reaches BBstIPSet1 + BBstIPSet2 or if the
500ns timeout has elapsed. Minimizing the difference between BBstIPSet1 and BBstIPSet2 reduces the output ripple,
but decreases efficiency. Care must be taken to optimize the peak current settings to keep a low output ripple while
maximizing efficiency. Figure 11 presents the safe operating area of BBstIPSet2 with respect to BBstIPSet1. Selecting
values lower than those of Figure 11 for a given value can reduce efficiency and increase output ripple. Figure 12 is
a graphical guide to selecting combinations of BBstPSet1 and BBstIPSet2 to maximize efficiency for specific BBstVSet
values.

In order to maximize the ease of implementation, the peak current settings of the buck-boost regulator are automatically
adjusted to the settings shown in Figure 12 for a given output voltage when BBstISetLookUpDis = 0. If a different
peak current setting is desired, the BBstlSetLookUpDis = 1 setting must be selected; only then will BBstIPSet1 and
BBstIPSet2 have an effect (see bit: BBstISetLookUpDis) When BBstlAdptDis = 0 (see bit: BBstIAdptDis), the regulator
automatically increases the peak current limits when the load increases to improve load regulation and efficiency at high
loads. When BBstZCCmpDis = 1 (see bit: BBstZCCmpDis), the buck-boost operates with peak and valley current limits.
In discontinuous conduction mode (DCM), the valley limit is OmA and it acts as a zero crossing. In CCM, the peak and
valley limits are automatically adjusted by the voltage loop if BBstlAdptDis = 0 (see bit: BBst/AdptDis). However, when
BBstZCCmpDis = 0 (see bit: BBstZCCmpDis), the buck-boost operates with peak, valley, and zero crossing current limits.
The zero crossing limit is fixed at OmA while the peak and valley limits are adjusted by the voltage loop if BBstlIAdptDis =
0 (see bit: BBstlIAdptDis).

In DCM, the valley current limit is negative so the end of phase 1 or 3 is determined by the zero-crossing current. In
CCM, the valley current limit is = O0mA if BBstZCCmpDis = 0 (see bit: BBstZCCmpDis). The end of phase 1 or 3 is thus
determined by the valley current comparator.

Disabling the zero current crossing comparator reduces the buck-boost output ripple. Enabling the comparator improves
EMI in CCM by removing the phase 4 stage in CCM mode that is otherwise present when BBstZCCmpDis = 1 (see bit:
BBstZCCmpDis).
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Figure 11. Minimum BBstIPSet2 Limit for a Given BBstIPSet1 Setting
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Figure 12. Recommended BBstIPSet1 and BBstIPSet2 Settings

Buck Regulators

The MAX20360 includes three buck regulators: two low-power 400mA bucks and one high-power 600mA buck. All of
the buck regulators operate in a pulse-frequency modulation (PFM) scheme with peak and valley current control. At light
loads, the buck converters operate in discontinuous conduction mode (DCM) to maximize efficiency. The buck regulators
have minimum and maximum capacitance requirements. The effective output capacitance of each buck should fall within
these limits to guarantee stable operation. Figure 13 illustrates the minimum and maximum capacitance for each output-

voltage setting.
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Buck Inductor Selection

Inductor selection for the MAX20360 should be optimized for the intended application. A 2.2uH inductor value is strongly
preferred for these buck converters. A 1uH inductor is acceptable, but results in decreased efficiency with only marginal
load transient response benefits. Aside from the inductor-value physical size, DC resistance (DCR), maximum average
current, and saturation current are the primary factors to consider. The maximum average inductor current is simply equal
to the maximum output current expected in the application.

The average inductor current calculated above dictates the required maximum average current for temperature rise on
the inductor. In order to determine the required inductor saturation current, the peak current must be calculated. The
peak current for this converter can be calculated as the higher value between the following equations:

1.15 x BuckxISet
2

IL_PEAK_CCM = IL_MAX + + 100mA and IL_PEAK_DCM =1.15 x BuckxISet + 100mA

Where BuckxISet is the peak current setting for the relevant buck converter and I _pax is the maximum expected load
current on the converter.

When selecting an inductor, one primary factor in achieving high efficiency is the DCR of the inductor. For maximum
efficiency, select an inductor with the lowest DCR possible in the required package size. Another factor to consider is
magnetic losses. Generally, magnetic losses are lower in inductors with larger physical size and/or higher saturation
current ratings. In most cases, ferrite inductors should be avoided as they tend to exhibit poor AC characteristics,
especially in DCM. Refer to Table 4 for inductor recommendations for a given optimization parameter.

Table 4. Recommended Inductors Buck

OPTIMIZATION PARAMETERS VENDOR PART NUMBER
Efficiency Murata DFE201610E-2R2M
Size Murata DFE18SBN2R2MEL

Buck Output Capacitor Selection

The bucks are designed to be compatible with small case-size ceramic capacitors. As such, the device has low output
capacitance requirements to accommodate the steep voltage derating of 0603 and 0402 (imperial) case-size capacitors.
Additionally, there is a maximum output capacitance requirement to maintain stability. The required minimum and
maximum capacitance requirements in Figure 13 show the required capacitance for the BK_OUT node.

BUCK REQUIRED MIN/MAX CAPACITANCE
vs. OUTPUT VOLTAGE
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Figure 13. Buck Required Minimum and Maximum Capacitance to Guarantee Stability
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Inductor Peak and Valley Current Limits

When a buck regulator is in DCM, the inductor's minimum current threshold (lyaigy) is OmA and the inductor's peak
current threshold (Ipeak) is set automatically to the optimal value per Figure 14 by the regulator's automatic lookup
table or by the Buck_ISet register (see bits: Buck1ISet, Buck2ISet, Buck3ISet) if Buck_ISetLookUpDis = 1 (see bits:
Buck1ISetLookUpDis, Buck2ISetLookUpDis, Buck3ISetLookUpDis). In this mode, as the load increases the switching
frequency also increases in accordance with the PFM control scheme.

As the load continues to increase, the switching frequency of the buck regulator eventually reaches roughly 1.1MHz.
At this point, if the buck regulator adaptive current setting is enabled (Buck_|AdptDis = 0) (see bits: Buck1/AdptDis,
Buck2IAdptDis, Buck3IAdptDis), Ipeak and lyaL gy shifts upward maintaining a roughly constant offset between
themselves (set by the inductor peak current setting described in the first paragraph above). Once the valley current
begins to increase, the regulator is operating in continuous conduction mode (CCM) as the inductor is no longer
discharged completely to OmA. The slope of the switching frequency flattens and rises only marginally for the remainder
of the load range. This control scheme seeks to balance both the ohmic losses arising from the peak current level and
the switching losses incurred by driving the gates of the FETs, extending load regulation and high efficiency over a wider
range of loads.

If the adaptive current setting is disabled (Buck_IAdptDis = 1) (see bits: Buck1IAdptDis, Buck2IAdptDis, Buck3IAdptDis),
the switching frequency continues to rise until the regulator reaches critical conduction mode. As the load increases past
critical conduction mode, the switching frequency saturates and the buck regulator behaves as a current source. This
results in increased load regulation error at the output of the regulator.

Buck_ISet LOOKUP TABLE/SUGGESTED VALUES
vs. Buck_VSet
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Figure 14. Optimal Peak Current Setting vs. Output Voltage

Adjustments to Manipulate Buck Switching Frequency

In some applications, the buck output-voltage ripple can generate noise at frequencies that interfere with sensitive analog
circuitry. The adjustable peak current of the MAX20360 provides the flexibility to shift the ripple frequency out of the
sensitive frequency ranges when the regulator is in DCM mode. Increasing the peak current delivers more charge to
the output capacitor in a switching cycle, thereby decreasing the number of times the output capacitor requires charging
to supply the same load. In this case, the output ripple frequency decreases for a given load current and shifts below
sensitive, high-frequency ranges. Conversely, decreasing the peak current increases the switching frequency for a given
load current to prevent injecting noise in sensitive, low-frequency ranges.
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Note that increasing the peak current results in higher ohmic losses, which can lower efficiency and increased output-
voltage ripple amplitude. Decreasing the peak current incurs higher switching losses, which can lower the efficiency.
Refer to the Typical Operating Characteristics section.

In order to maximize the ease of implementation, the peak current settings of the buck regulator can be automatically
adjusted to the optimal settings for a given output voltage. When Buck_ |SetLookUpDis = 0 (see bits:
Buck1lSetLookUpDis, Buck2ISetLookUpDis, Buck3ISetLookUpDis), the MAX20360 updates the peak current settings
when the output voltage of the buck regulator is changed in any DVS mode. If an application requires independent
peak current control, setting Buck ISetLookUpDis = 1 (see bits: Buck1ISetLookUpDis, Buck2ISetlLookUpDis,
Buck3ISetlLookUpDis) disables the automatic update function.

High Power Buck Converter with LDO Mode
The charging phase of a buck regulator delivers energy to the inductor by creating a path from the regulator input to its
output. Current through the inductor rises according to the equation:

ViNn~ Vour
L

Al= x At

Because the inductor current must ramp to a fixed value (i.e., Al is fixed and is the peak current limit), as the input voltage
approaches the output voltage, the time required for the inductor to reach its peak current (At) increases. This causes
the regulator output-voltage ripple amplitude on the output of the converter to grow as the V|N - VoyT value decreases,
reducing the efficiency and increasing the output ripple noise.

To avoid an excessively large At, the high-current Buck3 regulator of the MAX20360 automatically transitions into an LDO
operation mode when VN — VouyT reaches V|N BOUT DRPOUT TH F- This eliminates the performance reduction when
Buck3 operates at low buck voltage ratios. The LDO mode also improves performance over a standard buck architecture
since LDOs are efficient and maintain noise immunity at low step-down ratios. Transitions into and out of LDO mode
have substantial hysteresis to prevent oscillations when entering and exiting LDO mode.

Charge Pump

A low-quiescent current 5V charge pump is included in MAX20360. For proper operation a 22nF (min), 33nF (max)
capacitor should be connected between the CPP and CPN bumps.

Power Switch and Reset Control

The MAX20360 features a power switch that provides the ability to execute a reset sequence or to turn off the main
system power and enter OFF or SEAL mode to extend battery life. In OFF mode, the SYS node and all PMIC outputs
are turned off except LDO2 when it is configured as always on, either by the LDO2Seq (see bit: LDO2Seq) or when it
is kept on before entering OFF mode. In SEAL mode, all regulators and the SYS node are turned off. SEAL mode is
the lowest-quiescent current mode of the MAX20360 and maximizes battery life when a product cannot be used for an
extended period, such as when shipping from the factory to a retailer. More details on the power modes can be found in
the PMIC Power Modes section.

Shutdown and reset events are triggered by an external control using the power function (PFN) control inputs, 12C
commands, or if other conditions are met. The behavior of the PFN pins is preconfigured to support one of the multiple
types of wearable application cases. Table 5 describes the behavior of the PFN1 and PFN2 pins based on the PwrRstCfg
bits (see PwrRstCfg in Table 5), while Figure 15 through Figure 23 show the state diagrams associated with each mode.

A soft-reset sends a 10ms pulse on RST and either leaves register settings unchanged or resets them to their default
values depending on the device version (see bit: SfiRstCfg). A hard reset on any device initiates a complete power-on
reset (POR) sequence.

Devices with HrvEn = 0 enter SEAL mode on cold boot (battery attach with no CHGIN present). Devices with HrvEn =
1 enter battery recovery (BR) mode on cold boot. When the MAX20360 is in ON mode, it enters OFF/SEAL/BR mode
after receiving PWR_OFF_CMD/PWR_SEAL_CMD/PWR_BR_CMD I2C command in the PwrCmd register (see register:

), respectively. When the device detects a valid PFN signal it enters OFF mode or BR mode based on the
PwrRstCfg and HrvEn setting.
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The MAX20360 exits OFF/SEAL mode and turns the main power back on when there is a qualified PFN1 signal for
PwrRstCfg settings where PFN1 is KIN, or when a valid voltage is applied to CHGIN. In the powered-on state, the SYS
node is enabled and other functions can be controlled through the 12C registers. Figure 24 and Figure 25 illustrate a
complete boot sequence coming out of OFF/SEAL mode.

THROUGH PFN2 THROUGH PFN1
(10ms DEBOUNCE) (10ms DEBOUNCE)
SHUTDOWN
H%?ET%SL%TW LDO2 STATE LOCKED
TURN OFF RESOURCES
! [
PFN2 RELEASED WAIT RESOURCES TURN-OFF TIME
+10ms DELAY 34ms + tRST
DELAY
PASSIVE DISCHARGE
OUTPUTS
10ms DELAY

OFF

RST HIGH-Z
POWER-ON RESET GLOBAL PASSIVE
DISCHARGE OTP

THROUGH PFN1 (10ms DEBOUNCE)
OR CHGIN ATTACH

POWER
SEQUENCING
(Figure 26-28)

PwrRstCfg = 0000, 0001

Figure 15. PwrRstCfg 0000, 0001

www.maximintegrated.com

Maxim Integrated | 70



MAX20360

PMIC with Ultra-Low I Regulators, Charger,
Fuel Gauge, and Haptic Driver for
Small Li+ System

ON -

30ms + trsT DELAY
Y

THROUGH I2C PWR_OFF_CMD THROUGH PFN1 RISE/FALL

THROUGH PFN2 RISE/FALL
(10ms DEBOUNCE) (10ms DEBOUNCE)
SHUTDOWN
LDO2 STATE LOCKED HARD-RESET SOFT-RESET
TURN OFF RESOURCES
WAIT RESOURCES TURN-OFF TIME 50ms 200ms DELAY 200ms DELAY
PASSIVE DISCHARGE HOLD RST LOW e
OUTPUTS TURN-OFF RESOURCES HOLDRSTLOW
10ms DELAY

WAIT RESOURCES TURN-OFF TIME 20ms

10ms DELAY

OFF
Pg‘ﬁ’ggg‘;‘ F‘:EOSOET RSTHIGH-Z ACTIVE DISCHARGE
ENABLE EDOZ GLOBAL PASSIVE OUTPUTS
DISCHARGE OTP |
50ms
CHGIN INSERTION

POWER
»| | SEQUENCING
(Figure 26-28)

PwrRstCfg = 0010, 0011
Figure 16. PwrRstCfg 0010, 0011
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ON -
30ms + trsT DELAY
A
THROUGH PFN1 RISE/FALL THROUGH PFN2 RISE/FALL
THROUGH I2C PWR_OFF_CMD (10ms DEBOUNCE) (10ms DEBOUNCE)
GATED BY CHGIN INSERTION GATED BY CHGIN INSERTION
SHUTDOWN
LDO2 STATE LOCKED HARD-RESET SOFT-RESET
TURN-OFF RESOURCES
WAIT RESOURCES TURN-OFF TIME 50ms 200ms DELAY 200ms DELAY
PASSIVE DISCHARGE HOLD RST LOW —
OUTPUTS TURN-OFF RESOURCES HOLDRSTLOW
10ms DELAY WAIT RESOURCES TURN-OFF TIME 20ms 10ms DELAY
POWER-ON RESET OFF
IF LDO2Seq = 001 RST HIGH-Z ACTIVE DISCHARGE
ENABLE EDOZ GLOBAL PASSIVE OUTPUTS
DISCHARGE OTP |
50ms
CHGIN INSERTION
POWER
> SEQUENCING
(Figure 26-28)
PwrRstCfg = 0100, 0101
Figure 17. PwrRstCfg 0100, 0101
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Ce e

THROUGH I2C THROUGH PFN1 LOW
PWR_OFF_CMD FOR 12560
SHUTDOWN
RST HIGH-Z SHUTDOWN
LDO2 STATE LOCKED TRAP
TURN OFF RESOURCES

PFN1 HIGH (10ms DEBOUNCE)

WAIT RESOURCES TURN-OFF TIME
20ms

LDO2 STATE LOCKED
TURN OFF RESOURCES

PFN1 RELEASED J
DISCHARGE OUTPUTS  [«(10ms DEBOUNCE
+10ms DELAY)

THROUGH 12C

10ms|DELAY PWR_SEAL_CMD

y
OFF

SEAL

RST HIGH-Z RST LOW, LDO2 OFF
GLOBAL PASSIVE GLOBAL PASSIVE
DISCHARGE OTP DISCHARGE OTP

THROUGH PFN1 LOW FOR 400ms

OR CHGIN (30ms DEBOUNCE)
POWER-ON RESET
POWER
SEQUENCING —— 34ms + trsT DELAY
(Figure 26-28)

PwrRstCfg = 0110

Figure 18. PwrRstCfg 0110
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ON -
THROUGH PFN1 LOW
2
THROUGH 12C PWR_OFF_CMD Fo o,
SHUTDOWN
LDO2 STATE LOCKED H%‘EETF%SLEOTW
TURN OFF RESOURCES

WAIT RESOURCES TURN-OFF TIME PFN1 RELEASE

(20ms) (10ms DEBOUNCE + 10ms DELAY)

PASSIVE DISCHARGE
OUTPUTS
THROUGH 12C
10ms PWR_SEAL_CMD

POWER-ON RESET OFF

SEAL

= RST HIGH-Z RST LOW, LDO2 OFF
'FEL,\?AOBZLS’;ED_S? ! GLOBAL PASSIVE GLOBAL PASSIVE
DISCHARGE

DISCHARGE OTP

THROUGH PFN1 LOW FOR 3
OR CHGIN (30ms DEBOUNCE)

POWER

SEQUENCING ————34ms + trRsT DELAY-
(Figure 26-28)

PwrRstCfg = 0111

Figure 19. PwrRstCfg 0111
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POWER-ON RESET

SEAL
RST LOW, LDO2 OFF

GLOBAL PASSIVE
DISCHARGE OTP

THROUGH 12C
PWR_SEAL_CMD
I

A

ON

SHUTDOWN
LDO2 STATE LOCKED
INT MASKED
TURN OFF RESOURCES

THROUGH I2C PWR_OFF_CMD THROUGH I2C PWR_HR_CMD

THROUGH PFN2 LOW

FOR 125
HARD-RESET SOFT-RESET
HOLD RST LOW R
TURN OFF RESOURCES

PFN2 RELEASE (10ms DEBOUNCE)
+
10ms DELAY

WAIT RESOURCES WAIT RESOURCES
TURN-OFF TIME TURN-OFF TIME
(20ms) (20ms)
PASSIVELY DISCHARGE ACTIVELY DISCHARGE

OUTPUTS OUTPUTS

10ms

OFF
RST HIGH-Z
GLOBAL PASSIVE 50ms DELAY

DISCHARGE

THROUGH PFN1 LOW FOR 3s
OR CHGIN ATTACH (28ms DEBOUNCE)

POWER
SEQUENCING

A 4

(Figure 26-28)

34ms + trsT DELAY-

PwrRstCfg = 1000

Figure 20. PwrRstCfg 1000
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A

|

PFN1 (10ms DEBOUNCE) PFN2 (10ms DEBOUNCE)
12C PWR_OFF_CMD GATED ON CHGIN GATED ON CHGIN
l INSERTION (100ms DEBOUNCE) INSERTION (100ms DEBOUNCE)
HARD-RESET PROCESS SOFT-RESET PROCESS
SHUTDOWN INITIATED INITIATED
LDO2 STATE LOCKED
RST HIGH-Z, INT MASKED
TURN OFF RESOURCES
15s DELAY — — 15s DELAY
15s EXPIRE 15s EXPIRE
A
WAIT RESOURCE TURN-OFF HOLD RST LOW, -
TIME (20ms) TURN RESOURCES OFF ’ HOLDRSTLOW ‘
T
WAIT RESOURCE TURN-OFF TIME 10ms DELAY
(20ms)
A
PFN2 LOW
L ABORT SOFT-RESET ||
ACTIVE DISCHARGE OUTPUTS ACTIVE DISCHARGE OUTPUTS (10ms DEBOUNCE) >
50ms DELAY
PFN1LOW
o " (1oms DEBOUNCE) ] ABORT HARD-RESET |
RSTHIGH-Z
POWER-ON RESET GLOBAL PASSIVE DISCHARGE C SOFTWARE RESET
(0TP)
SEAL
RST LOW, LDO2 OFF N
GLOBAL PASSIVE HGIN ATTACH
DISCHARGE OTP
POWER SEQUENCING
(Figure 26-28)

THROUGH I2C
PWR_SEAL_CMD

PwrRstCfg = 1001, 1010

Figure 21. PwrRstCfg 1001, 1010
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10ms DELAY———»{ ON -

FROM ON STATE hyhi=t
PWR_SR_CMD ——» >
COMMAND IF SRstCfg = 1 RESET
REGISTERS TO DEFAULT
————THROUGH I°C PWR_SEAL_CMD: THROUGH PFN1 LOW FOR 125
SHUTDOWN
THROUGH I2C PWR_OFF_CMD TRAP
Y PFN1 HIGH (10ms DEBOUNCE)

HOLD RST LOW,
TURN OFF RESOURCES

DISABLE LDO2 LDO2 STATE LOCKED

TNT MASKED TURN OFF RESOURCES | NO—BATTERY RECOVER
ACTIVELY DISCHARGE INT MASKED
OUTPUTS

WAIT RESOURCES TURN-OFF TIME

SEAL

GLOBAL PASSIVE
DISCHARGE

Pl WAIT RESOURCES TURN-OFF TIME 20ms
N HARVESTER OTP
ENABLED?
FROM ON STATE
THROUGH I2C PWR_BR_CMD YES
DISCHARGE OUTPUTS DISCHARGE OUTPUTS BATTER'\;(;%ECOVERY
RST HI-Z, INT MASKED
1oms BAT-SYS FET CLOSED
10ms POWER-ON RESET
DELAY HrvEn =0 DELAY

DISCHARGE

'OFF MODE HrvEn =1
RST HIGH-Z IF LDO2Seq == 001,
GLOBAL PASSIVE ENABLE LDO2

YES

POWER-ON RESET

VIAPFN1 LO\IN FOR 400ms
OR CHGIN (30ms DEBOUNCE)

FROM ON STATE H%/T_';DARE'E?E)LV POWER
PWR_HR_CMD ——— —50ms DELAY— SEQUENCING
ACTIVE DISCHARGE )
COMMAND OUTPUTS (Figure 26-28)

PwrRstCfg = 1011

34ms + trsT DELAY-

Figure 22. PwrRstCfg 1011
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ON 1«

|

12C PWR_SEAL_CMD

|

HOLD RST LOW
TURN-OFF RESOURCES
INT MASKED

.

WAIT RESOURCE TURN-OFF
TIME (20ms)

A

DISCHARGE OUTPUTS

50ms DELAY

SEAL
GLOBAL PASSIVE DISCHARGE

POWER-ON RESET
HrvEn=0

|

|

12C PWR_OFF_CMD

PFN1 (10ms DEBOUNCE)
GATED ON CHGIN
INSERTION (100ms DEBOUNCE)

PFN2 (10ms DEBOUNCE)
GATED ON CHGIN
INSERTION (100ms DEBOUNCE)

I

|

LDO2 STATE LOCKED
TURN OFF RESOURCES HARDRESET PROCESS
INT MASKED
v
WAIT RESOURCE TURN-OFF
TIME (20ms) 155 DELAY M
165 EXPIRE
HOLD RST LOW,
ACTIVE DISCHARGE OUTPUTS TURN RESOURGES OFF
EXCEPT LDO2
:
WAIT RESOURCE TURN-OFF TIME
50ms DELAY 2m)
OFF
RST HIGH-Z ACTIVE DISCHARGE OUTPUTS
GLOBAL PASSIVE DISCHARG
50ms DELAY

— 15s DELAY

WC SOFTWARE RESET

}

SOFT-RESET PROCESS
INITIATED

15s EXPIRE

HOLD RST LOW

l 10ms DELAY:

PFN2 LOW

(10ms DEBOUNCE) ABORT SOFT-RESET

PFN1LOW

(10ms DEBOUNCE) ABORT HARD-RESET  —

BATTERY RECOVERY FROM ON STATE
ﬂJDE_ THROUGH 12C
BAT-SYRSS;'E':{I'I cZLOSED PWR_BR_CMD
CHGIN ATTACH
POWER-ON RESET
POWER SEQUENCING HrvEn =1
(Figure 26-28) IF LDO2Seq == 001,
ENABLE LDO2
PwrRstCfg = 1100
Figure 23. PwrRstCfg 1100
Table 5. PwrRstCfg Settings
. MODE
PwrRstCfg[3:0] | FIGURE NAME BEHAVIOR
Figure ———= | ON/OFF Mode with 10ms Debounce. PFN1 is the active-high ON/OFF control input. PFN2
0000 ON/OFF | . . -
15 is the active-low soft-reset input.
Figure | = ON/OFF Mode with 10ms Debounce. PFN1 is the active-low ON/OFF control input. PFN2
0001 ON/OFF | . . -
15 is the active-low soft-reset input.
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Table 5. PwrRstCfg Settings (continued)

Fiqure Always-On Mode. A rising edge on PFN1 generates a hard-reset after a 200ms delay. A
0010 4_16 AON rising edge on PFN2 generates a soft-reset after a 200ms delay. The device can only enter
- the OFF state by writing to the PwrCmd register.
Fiqure | Always-On Mode. A falling edge on PFN1 generates a hard-reset after a 200ms delay. A
0011 _9_16 AON falling edge on PFN2 generates a soft-reset after a 200ms delay. The device can only enter
- the OFF state by writing to the PwrCmd register.
Fiqure CR Always-On Mode. Holding PFN1 high during a CHGIN insertion generates a hard-reset
0100 17 High after a 200ms delay. Holding PFN2 high during a CHGIN insertion triggers a soft-reset after
- a 200ms delay. The device can only enter the OFF state by writing to the PwrCmd register.
Fiqure Always-On Mode. Holding PFN1 low during a CHGIN insertion generates a hard-reset after
0101 17 CR Low | a 200ms delay. Holding PFN2 low during a CHGIN insertion triggers a soft-reset after a
- 200ms delay. The device can only enter the OFF state by writing to the PwrCmd register.
ON/OFF Through Key Presses. PFN1 is the active-low KIN button. PFN2 is the open-drain
0110 Figure KIN KOUT output, which buffers the KIN input. The device enters on mode through a short
18 (400ms) KIN press or a CHGIN insertion. The device enters OFF mode through a long (>
12s) KIN press or through the PwrCmd register.
On/Reset Through Key Presses. PFN1 is the active-low KIN button. PFN2 is the open-
0111 Figure CSR1 drain KOUT output, which buffers the KIN input. The device enters on mode through a long
19 (> 3s) KIN press or a CHGIN insertion. A long (> 12s) KIN press generates a soft-reset.
The device can only enter the off state by writing to the PwrCmd register.
On/Reset Through Key Presses. PFN1 is the active-low KIN button. The device enters on
1000 Figure CSR2 mode through a long (> 3s) KIN press or a CHGIN insertion. A long (> 12s) PFN2 press
20 generates a soft-reset. The device can only enter the off-state by writing to the PwrCmd
register.
Always-On Mode. The device can only enter the on state through a CHGIN insertion.
Fiqure Custom | Holding PFN1 high during a CHGIN insertion generates a hard-reset after a 15 second
1001 21 CR delay. If PFN1 is brought low during this delay (10ms debounce), the hard-reset is aborted.
= High Holding PFN2 high during a CHGIN insertion generates a soft-reset after a 15 second
delay. If PFN2 is brought low during this delay (10ms debounce), the hard-reset is aborted.
Always-On Mode. The device can only enter the on state through a CHGIN insertion.
Holding PFN1 low during a CHGIN insertion generates a hard-reset after a 15 second
1010 Figure | Custom | delay. If PFN1 is brought high during this delay (10ms debounce), the hard-reset is
21 CR Low | aborted. Holding PFN2 low during a CHGIN insertion generates a soft-reset after a 15
second delay. If PFN2 is brought high during this delay (10ms debounce), the hard-reset is
aborted.
. KIN with ON/OFF Thrgugh Key Presses V\(ith OFF/SEAL.EM is the activg-low KIN button. PFN2 is
1011 Figure OFF/ the open-drain KOUT output, which buffers the KIN input. The device enters on mode
22 SEAL through a short (400ms) KIN press or a CHGIN insertion. The device enters OFF mode
through a long (> 12s) KIN press or through the PwrCmd register.
Custom | Always-On Mode with OFF/SEAL. The device can only enter the on-state through a CHGIN
CR insertion. Holding PFN1 high during a CHGIN insertion generates a hard-reset after a
1100 Figure High 15-second delay. If PFN1 is brought low during this delay (10ms debounce), the hard-reset
23 with is aborted. Holding PFN2 high during a CHGIN insertion generates a soft-reset after a
OFF/ | 15-second delay. If PFN2 is brought low during this delay (10ms debounce), the hard-reset
SEAL | is aborted.
1101-1111 — RFU —
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VpiG-uvLo FAULT WHILE
IN ON MODE
‘ WAIT 30ms THEN Vpig ON 4}‘ OTP BOOT

VDiG < VpIGuvLo?

PWR_OFF_CMD ‘

< VoHoN PRESENT: <

PWR_SEAL_CMD
SEAL MODE
WAIT 20ms (VoiG OFF, FG OFF,
RST LOW)
* NO

OFF MODE — oo T~
(VDG ON, FG ON, < PFN WAKE?

RST Hi-Z)

YES

PFN WAKE?

2

E YES YES

=

g

g

B

Fil v v

a3

2 — i

= RST Low ‘ ‘ RST LOW
Frroven e | [ MBI

SUPPLIES ON (48ms) tame)

SWQ0S 340438 LNISFHd LON NISHOA 4

IF LDO2Seq == 001 AND IF LDO2Seq == 001 AND
COMING FROM SEAL: COMING FROM SEAL:
LDO2 ON LDO2 ON
THM MONITOR ON THM MONITOR ON
FUEL GAUGE ON FUEL GAUGE ON
IF COMING FROM SEAL IF COMING FROM SEAL
DEBOUNCE FOR 30ms DEBOUNCE FOR 30ms
v v

LIMITER: ON
SYS UVLO COMP: ON SYS UVLO COMP: ON
WAIT 10ms

WAIT for 500ms

v

POWER PATH: ON
BAT-OCP: ON

LIMITER: OFF
POWER PATH: OFF
CHARGER: OFF
BAT-OCP: OFF

ChgAWTry==18&
VcHIN PRESENT?

YES

WAIT for 10ms

IF VcHgIN PRESENT: ENABLE

A

CHARGER

THM MONITOR: OFF

ERROR MODE
(APPEARS AS OFF MODE
EXCEPT RST LOW)

RUN REGULATOR STARTUP
SEQUENCING

SYS-UVLO==0?

NO

YES

RELEASE RST

Figure 24. Boot Sequence—Harvester Mode Disabled
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POR VDIG.uvL0 FAULT WHILE
IN ON MODE OR BR MODE

WAIT 30ms THEN Voig ON H OTP BOOT

IF LDOZSEQ = 001
LDO2ON
WA 10ms.

FG: ON
PWR_SEAL CMD THM MONITOR: ON
RST Low) WAIT 30ms

POWER PATH: ON
BAT-OCP: ON
PAR.OFF.CMD —— WAIT 5ms

PWR_BR_CMD
BR Monsﬁ(i

(VDIGON, FG ON, THM MON
ON,RSTHI-Z) NO

— ;\ No i No TWAKE FROW
VHaIN PRESENT? PN WAKE? HARVESTER?

l YES

LIMITER: ON
SYS UVLO COMP: ON
WAIT 10ms.

OFF MODE

LON NOHO,

IN3STed LONNIOHOA 41

SW00S 340438 LNISTd LON NISHOA 31

F COMING FROM SEAL
INTERNAL SUPPLIES ON
(48ms)

v

IF LDOZSeq == 001 AND IFLDO2Seq == 001 AND
COMING FROM SEAL: COMING FROM SEAL: WAIT for 500ms
LDO2ON LDO2ON
v

IF FROM SEAL: INTERNAL
SUPPLIES ON (48ms)

SYS-UVLO: ON
WAIT for 10ms

SYS-UVLO==0?

p
s
z
3
g
3 ‘ svs-uv%
g v NO
® THM MONITOR ON THM MONITOR ON YEs i
3 FUEL GAUGE ON FUEL GAUGE ON LIMITER: OFF
# IF COMING FROM SEAL F COMING FROM SEAL GIERTET «] CHARGER: OFF
g DEBOUNCE FOR 30ms DEBOUNCi FOR 30ms VeHGINPRESENT? Tt
LIMITER: ON
SYS UVLO COMP: ON SYS UVLO COMP: ON BR ERROR MODE

WAIT 10ms (APPEARS AS BR MODE

EXCEPT RST LOW)

WAIT for 500ms

Yes
LIMITER: OFF

G POWER PATH: OFF

Qe Ao OFE
BAT-OCP: OFF

THM MONITOR: OFF

ERROR MODE
(APPEARS AS OFF MODE
EXCEPT RST LOW)

Figure 25. Boot Sequence—Harvester Mode Enabled
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PMIC Power Modes
The following sections describe the basic operating modes of the MAX20360.

SEAL Mode
SEAL mode is the lowest-quiescent current mode on the MAX20360. In this mode, all resources are off except the button
monitor and VcHg|N insertion detection circuitry.

OFF Mode

The MAX20360 must in some cases power an RTC. OFF mode is the lowest quiescent current mode in which the fuel
gauge and the always on LDO are powered. In this mode, the Vp,g supply, the button and Vgygin monitor circuits, and
the fuel gauge are on. If LDO2 was on before entering OFF mode or if LDO2Seq = 001 (see bit: LDO2Seq), LDO2 is also
on in OFF mode.

ON Mode (Versions with HrvEn = 0)
ON mode is the most common operating mode. In ON mode, all regulators are or can be enabled, the fuel gauge is on,
and all features are accessible.

Battery Recovery Mode (Versions with HrvEn = 1)

On versions of MAX20360 with HrvEn = 1, MPC7 and MPC6 are permanently reconfigured as “Wake Input” (from
Harvester) and “Disable Output” (to Harvester, high-side open-drain to VognT), respectively. In battery recovery mode,
the part is in the same operating condition as OFF mode; however, in addition the switch between SYS and BAT is
closed in order to allow a charging path for recovery from a dead battery situation and the battery thermistor is actively
monitored to ensure safe operating conditions. As soon as the battery reaches a threshold which is programmed on the
MAX20361 harvester, the MAX20361 sends a wake signal, bringing the part into ON Mode (Versions with HrvEn = 1) as
described below. In situations where the THM monitor detects an out-of-bound condition and the charging is considered
unsafe, a disable signal is sent to the harvester to halt charging.

ON Mode (Versions with HrvEn = 1)

ON mode with HrvEn = 1 is very similar to ON mode with HrvEn = 0 as described above with the exception that
harvester functionality is enabled. In this mode, an ideal diode can be applied to the BAT-SYS relationship. In the default
operation, the harvester supplies SYS directly until it is unable to further support the output at which point the battery
supplements the supply. This mode also includes the rest of the harvester interaction functionality described in the
MAX20361 Harvester Interaction section. This behavior can be modified per the HrvBatSys, HrvThmEn and HrvThmDis
bit fields (see bits: HrvBatSys, HrvThmEn, HrvThmDis).

Power Sequencing

The sequencing of the switching regulators, load switches, and LDOs during power-on is configurable. See each
function’s sequencing bits for details. Regulators and switches can turn on at one of three points during the power-on
process: 0% of trgT time after the power-on event, at the time the RST signal is released, or at two points in between.
The two points between 0% of trgT time delay and the RST rising edge are fixed proportionally to the duration of the
power-on reset (POR) process boot delay (trsT). The value of the trgT delay ranges from 80ms to 420ms and is stored
in the BootDly bits (see bit: BootDly). The timing relationship is presented graphically in Figure 26, Figure 27, and Figure
28.

Alternatively, the regulators and switches can remain off by default and turn on manually with an I2C command after RST
is released. LDO2 can be configured to be always on.

The SYS voltage is monitored during the power-on sequence. If Vgyg falls below Vgys yyLo during the sequencing
process with a valid voltage at CHGIN and ChgAlwTry = 1, the process repeats from the point where SYS was enabled
to allow more time for the voltage to stabilize. If there is not a valid voltage at CHGIN, the device returns to the off state
to avoid draining the battery. Power is also turned off if BAT experiences a current greater than IgaT ocp for more than

tBAT_OCP_RD-
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I I I I I I
|<—30ms—>'<—1 0ms—>|<—|7tR'ST—>|
I

START FROM |
OFF MODE |
I

CHGIN INSERTION
ORKIN PRESS*

I
I
sYs |
I
L

| CHGIN INSERTION
| KIN PRESS

ENABLED
THROUGH I2C/MPCI

Buck_En, BBstEn,
BstEn, LDO1En,

: ONLY LDO2 CAN
LSW_En, CPEn |

I

|

T

BE ALWAYS ON

ENABLED
THROUGH I2C/MPC

|
_Seq |
(READ ONLY |
REGISTER) 010 011 100 111

% OF trRsT 0% 25% 50% 100%

*KIN PRESS TURN-ON ENABLED THROUGH SPECIFIC PwrRstCfg ONLY

Figure 26. Power Sequencing, HrvEn = 0 from OFF Mode
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ORKIN PRESS*

I
[
SYs |
I
L
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| KIN PRESS

ENABLED
THROUGH I2C/MPCI

Buck_En, BBstEn,
BstEn, LDO1EN,
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*KIN PRESS TURN-ON ENABLED THROUGH SPECIFIC PwrRstCfg ONLY

Figure 27. Power Sequencing, HrvEn = 1 from BR Mode
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LDO2En |
THROUGH I2C/MPC!

Buck_En, BBstEn,
BstEn, LDO1En,
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ENABLED
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ONLY LDO2 CAN
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REGISTER) 001 010 011 100 111
% OF tRsT ALWAYS ON 0% 25% 50% 100%
(LDO2 ONLY)

*KIN PRESS TURN-ON ENABLED THROUGH SPECIFIC PwrRstCfg ONLY

Figure 28. Power Sequencing, from SEAL Mode

System Load Switch

An internal 80mQ (typ) MOSFET connects BAT to SYS when no voltage source is available on CHGIN. When an external
source is detected at CHGIN, this switch opens and SYS is powered from the input source through the input current
limiter. The SYS-to-BAT switch also prevents Vgyg from falling below VgaT when the system load exceeds the input
current limit. If Vgyg drops to VgaT due to the current limit (I ), the SYS-to-BAT switch turns on so the load is supported
by the battery. If the system load continuously exceeds the input current limit, the battery is not charged. This is useful for
handling loads that are nominally below the input current limit, but have high current peaks exceeding the input current
limit. During these peaks, battery energy is used, but at all other times the battery charges.
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Smart Power Selector

The smart power selector seamlessly distributes power from the external CHGIN input to the BAT and SYS nodes. With
both an external adapter and battery connected, the smart power selector basic functions are:

e \When the system load requirements are less than the input-current limit, the battery is charged with residual power
from the input.

e \When the system load requirements exceed the input-current limit, the battery supplies supplemental current to the
load.

e When the battery is connected and there is no input-current limit, the system is powered from the battery.

Input Limiter

The input limiter distributes power from the external adapter to the system load and battery charger. In addition to the
input limiter's primary function of passing power to the system load and charger, it performs several additional functions
to optimize use of available power.

Invalid CHGIN Voltage Protection

If CHGIN is above the overvoltage threshold VcHgIN oV, the device enters overvoltage lockout (OVLO). OVLO protects
the MAX20360 and downstream circuitry from high-voltage stress up to +28V. During OVLO, the internal circuit remains
powered and an interrupt is sent to the host. The negative voltage protection down to -5.5V disconnects CHGIN and the
device is powered only by BAT. The charger turns off and the system load switch closes, allowing the battery to power
SYS. CHGIN is also invalid if it is less than VgaT, or less than the VcygiNn DET threshold. With an invalid input voltage,
the SYS-to-BAT load switch closes and allows the battery to power SYS. ~

CHGIN Input Current Limit

The CHGIN input current is limited to prevent input overload. The input current limit Iy is I2C-controlled through
paramter ILimCntl (see bit: [LimCntl). To accommodate systems with a high inrush current, the limiter includes a blanking
time tj_ )M BLANK. |2C programmable through the parameter ILimBlank (see bit: /LimBlank), during which the input current
limit increases to I M MAX-

Thermal Limiting

In case the die temperature exceeds TcHg Lim, the MAX20360 attempts to limit temperature increases by reducing the
input current from CHGIN. In particular, the system load has priority over the charger current, so the input current is first
reduced by lowering the charge current. If the junction temperature continues to rise and reaches the maximum operating
limit (TcHG sHDN), no input current is drawn from CHGIN and the battery powers the entire system load.

Battery Charger

Adaptive Battery Charging

While the system is powered from CHGIN, the charger draws power from SYS to charge the battery. If the total
load exceeds the input current limit, an adaptive charger control loop reduces charge current to prevent Vgyg from
collapsing below the maximum between Vsys Lm that is 12C programmable through the SysMinVIt parameter (see
bit: SysMinVit), and Vgys BAT REG Values. When the charge current is reduced below 50% (IrcHG TEXT threshold)
due to Vsys LM/Vsys BAT REG OF TcHG LM limits, the timer clock operates at half speed. When the charge current
is reduced below 20% (IrcHG Tsus threshold) due to Vsys LiM/Vsys BAT REG ©F TcHG LM limits, the timer clock
pauses.

Fast Charge Current Setting

The MAX20360 uses an external resistor connected from ISET to GND to set the fast-charge current IrcHyg. The
precharge (IpcHg) and charge-done, IcHG DONE. currents are 12C programmed using IPChg and IChgDone parameters
(see bits: IPChg, IChgDone), respectively, as a percentage of this value. The fast-charge current resistor can be
calculated as:
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RiseT = KiseT X VISeT / IFcHG

where K|sgT has a typical value of 2000A/A and V|geT has a typical value of +1V. The range of acceptable values for
RisgT is 4kQ to 400kQ. A capacitive load on the ISET pin can cause instability of the charger if the condition (CjsgT <
5us / RisgT) pF is violated.

JEITA Monitoring with Charger Control

To enhance safety when charging lithium-ion batteries, the MAX20360 includes a JEITA compliant temperature
monitoring. A resistive divider is formed on THM by attaching a pullup resistor to TPU and connecting the thermistor
of a battery-pack (do not exceed 2mA load on TPU). TPU is internally connected internally to Vp g through a switch.
The divider output is read by internal comparators when JEITA monitoring is enabled and the resulting temperature
measurement places the battery into one of five temperature zones: cold, cool, room, warm, and hot. Charging is
always inhibited in cold and hot regions or if the thermistor is not detected while charging behavior is configurable
in warm, room, and cool regions using the 12C-controlled ChgThmEn parameter (see bit: ChgThmEn). In particular,
the battery regulation voltage can be reduced to the VgaT REG JTA Value using the 12C-programmed ChgCool/Room/
WarmBatReg[1:0] parameters (see bits: ChgCoolBatReg, ChgRoomBatReg, ChgWarmBatReg) while the fast-charge
current can be reduced to the IrcHg JTA Value using the 12C-programmed ChgCool/Room/WarmIFChg parameters (see
bits: ChgCoollFChg, ChgRoomIFChg, ChgWarmlFChg). Charging can also be inhibited in cool and warm regions using
ChgThmEn (see bit: ChgThmEn). See figures Figure 29, Figure 30, and Figure 31 for representations of the JEITA
charging profile in each of the charging phases.

PREQUAL:
VBAT < VBAT_PCHG

IPCHG

IPCHG

IPCHG

A ——— -

T2
TEMPERATURE (°C)

T3

Ta

Figure 29. Sample JEITA Pre-Charge Profile

FAST CHARGE CONSTANT CURRENT:
VBAT_PCHG < VBAT < VBAT_REG

ChgRoomIFChg

ChgCoollFChg !

! ChgWarmIFChg

_ =

T

T2

TEMPERATURE (°

T3
C)

T4

Figure 30. Sample JEITA Fast Charge Profile
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MAINTAIN:
VBAT = ChgBatReg- ChgBatReChg

| ChgCoolBatReg : ChgRoomBatReg :CtharmBatReg :

T1 T2 T3 Ta
TEMPERATURE (°C)

Figure 31. Sample JEITA Maintain Charge Profile

Step Charging

Lithium-ion batteries suffer capacity degradation over their lifetimes. One of the primary causes of degradation over the
lifetime of a battery is due to an effect called lithium plating, which describes the formation of metallic lithium on the
anode of the battery. Lithium plating has many causes, but one of the most common is when the battery is charged at
high rates relative to the capacity of the battery when the battery is at a high state of charge (SOC). To combat this
effect, the MAX20360 includes a step-charge function. This function allows the user to select a voltage threshold at which
the charge current can be reduced in order to avoid lithium plating and prolong the lifetime of the battery. The settings
of this function can be found in the StepChgCfg0 and StepChgCfg1 registers (see bits: StepChgCfg0, StepChgCfg1).
The ChgStepRise (see bit: ChgStepRise) field allows the setting of the rising voltage VgaT sTpcHgG at which the charge
current should be reduced. The ChglStep (see bit: ChglStep) field sets the percentage IFcHG sTPCHG Of the full fast-
charge current to which the charger should be set when the battery is above the VaT sTPCHG Value specified with
ChgStepRise (see bit: ChgStepRise). Lastly, the ChgStepHys (see bit: ChgStepHys) field sets the VBAT STPCHG H
hysteresis for the step charge function in order to avoid oscillations in case a high battery impedance causes the voltage
to fall a large amount upon reduction of the battery current. If this function is not desirable, set the ChglIStep (see bit:
ChglStep) setting to 100% ("111") to disable it.

In case both JEITA and step-charging related fast-charge current reductions are active, the minimum between the two is
selected and applied.

Battery Charger State Diagram
A battery charger-state diagram is shown below in Figure 32. User can read ChgStat bits (see bit: ChgStaf) to know the
status of charger.
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TIMER
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SUSPEND
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JEITA ENABLE CHARGING

tCHG_TIMER > tMTCHG
AND

ChgAutoStop = 1
VOLTAGE MODE = 0*
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OR VBAT < VBAT_PCHG

{CHG_TIMER > tFCHG

VOLTAGE MODE = 1*
AND Vsys > Vsys_LIm***

PAUSE
CHARGE
TIMER

JEITA DISABLE CHARGING

ICHG > ICHG_DONE
ChgAutoStop = 0
RESET CHARGE TIMER

™

ICHG < ICHG_DONE
AND Vsys > Vsys_LiM

AND TpiE < TCHG_LIM
RESET CHARGE TIMER

FAST CHARGE CV
SUSPEND

FAST CHARGE
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MAINTAIN CHARGE

ChgsStat = 001
IcHG =0
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IcHG = IFCHG
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e

* VOLTAGE MODE IS AN INTERNAL SIGNAL

** CHARGE TIMER IS SLOWED BY 50% IF
IcHG < IFcHG/2 AND PAUSED IF
ICHG < IFcHG/5 ONLY IN FAST CHARGE
CONSTANT CURRENT STATE
***THIS IS ACTUALLY THE MAXIMUM
BETWEEN Vsys_Lim AND Vsys_BAT REG
NOTE: IrcHg IN THIS DIAGRAM REFERS TO ACTUAL CHARGE CURRENT
INCLUDING REDUCTIONS DUE TO JEITA OR STEP CHARGING

Figure 32. Battery Charger-State Diagram

Battery or Pack Protector Presence Detection

When pack protectors open due to a discharge-related fault, the pack protector turns off the discharge FET, placing a
reverse-biased body diode in the discharge path and preventing further discharge. In this state, the system designer can
decide that the battery has been damaged and that they would like to prevent a full charge cycle in the future. Even if the
system designer does decide that the battery can be recovered, they can have concerns that the diode drop of the pack
protector can cause the charger to believe that the battery is above the precharge voltage threshold, which would mean

that the fast charge current is applied.
In this scenario, it is useful for the system to understand before starting a full charge cycle whether a pack is present
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on the BAT node (with an open protector) or if the battery has simply been removed. The MAX20360 contains all of the
necessary circuitry to allow the system designer to implement such a check.

One example of a simple algorithm to check for such a condition is to run the below check every time before starting a
battery charging cycle:

1. After receiving a UsbOkint interrupt (see bit: UsbOkint) and before enabling the charger the BAT pulldown resistor by
writing BatPD = 1 (see BatPD), wait enough time for any BAT capacitance to discharge, then check the BatGood (see bit:
BatGood) status and disable the BAT pull-down resistor. If BatGood = 1 (see bit: BatGood), then the battery is present
and charging can resume. If BatGood = 0 (see bit: BatGood) indicating that the BAT voltage is below the UVLO threshold
either:

a.The battery is not present.
or
b.The pack protector is open.

2. Now turn the charger on in a “forced precharge” mode by writing FrcPChg = 1 and ChgEn = 1 (see bits: FrcPChag,
ChgEn) simultaneously and check BatRegDone (see bit: BatRegDone). If BatRegDone = 1 meaning that VgaT =
VBAT REG, it means that the battery is not present since if it were, the BAT voltage would only be allowed to rise
one diode drop above the actual battery voltage. If instead BatRegDone = 0, the battery must be present and forced
precharge mode should be maintained at least long enough to unlock the pack protector.

SAR ADC/Monitor Mux

In order to simplify system monitoring, the MAX20360 includes a voltage monitor multiplexer (MUX). The MUX, which
is 12C controlled using the IVMONCntl parameter (see bit: /VMONCntl) in the PMIC register map, connects the IVMON
pin to the scaled value of one of the seven voltage regulators, BAT, or SYS. A resistive divider scales the selected
voltage to one of four ratios determined by IVMONRatioConfig (see bit: [VMONRatioConfig). Because the MUX can only
tolerate voltages up to +5.5V, CHGIN, CPOUT and BSTOUT are not available on IVMON. Additionally, the ISET voltage
is available to monitor the charging current according to the following equation:

(KiseT * ViseT * RED_FCT

lere = Riset

where:

IcHg = Actual charging current flowing into BAT
KiseT = Gain factor (2000A/A)

V|seT = Voltage read from monitor mux.

RED_FCT = Eventual reduction factor can be due to JEITA and/or step-charging (see bits: ChglStep, ChgCoollFChg,
ChgRoomIFChg, ChgWarmlIFChg parameters). If neither JEITA nor step-charging current reduction is active, RED_FCT
is equal to 1.

RiseT = Nominal resistor value on ISET

The MAX20360 also contains an internal ADC that can be used to read the voltage rails and performs system tasks such
as SYS tracking for automatic level compensation (ALC) during haptic driver operations. Manual ADC measurements
are initiated by first selecting a channel by writing to ADCSel (see bit: ADCSel) in the Haptic Driver/ADC register map.
The measurement is then launched by writing a 1 to ADCConvlLnch (see bit: ADCConvLnch). Once the measurement is
complete, an ADCEOCInt interrupt (see bit: ADCEOCInt) is set to inform the system that the value is available for read in
the ADCAvg, ADCMin, and ADCMax register fields (see bits: ADCAvg, ADCMin, ADCMax). Averaging of measurements
can be performed by setting the number of measurements to average using the ADCAvgSiz register field (see bit:
ADCAvgSiz). The ADC can also measure the IVMON voltage when the MUX is enabled with a 1:1 ratio. The full-scale
range of the ADC for different voltage rails is detailed in Table 6.
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Table 6. ADC Full-Scale Range

VOLTAGE RAIL AVAILABLE RANGE (V) CONVERSION (V)
VHDIN Oto+5.5 (ADC___[7:0] x 5.5V)/255
VivmonN (use IVMONRatioConfig = 00) (see [VMONRatioConfig) Oto+5.5 (ADC___[7:0] x 5.5V)/255
CHGIN +3 to +8.25 (ADC___[7:0] x 8.25V)/255
CPOUT +3 to +8.25 (ADC___[7:0] x 8.25V)/255
BSTOUT +3 to +21 (ADC___ [7:0] x 21.0V)/255

Haptic Driver

The MAX20360 features a versatile, integrated haptic driver. The driver allows for real-time control of haptic devices
through PWM or 12C as well as the ability to run haptic patterns from internal RAM. For added flexibility, the driver is
capable of driving both linear resonant actuator (LRA) and eccentric rotating mass (ERM) actuators.

Eccentric Rotating Mass (ERM)

An ERM is the simplest haptic actuator to drive. The driving signal is taken directly as the PWM output of an integrated
H-bridge, allowing for bidirectional operation of the actuator. To configure the MAX20360 to drive an ERM, the HptSel bit
(see bit: HptSel) must be set to 0.

Linear Resonant Actuator (LRA)

Unlike the on-off control of an ERM, LRAs require a sinusoidal driving signal. The MAX20360 realizes this with a Class-D
amplifier that converts the driver input to a sinusoidal output.

An LRA'’s vibration magnitude is maximized when the driving signal matches the LRA’s resonant frequency. To ensure
the haptic driver closely tracks this frequency, the MAX20360 includes an auto-resonance tracking feature that measures
the back-electromotive force (BEMF) of the LRA to track the resonance of the actuator. The resonant tracking feature
should remain enabled any time an LRA is driven. Resonance tracking is enabled by setting the EmfEn bit to 1 (see bit:
EmfEn). The range of resonant frequencies that are tracked is clamped by the driver to be no lower than max(200kHz/
IniGss[11:0], 100Hz) and no greater than min(800kHz/IniGss[11:0], 1kHz). See the description of IniGss (see bit: /niGss)
in the register map for calculation of frequency. This mitigates the risk of audible noise during a fault event.

To select LRA mode, set the HptSel bit to 1 (see bit: HptSel).

LRA Braking

The haptic driver features a braking function to efficiently stop or reverse the direction of an LRA. Each time the
driving polarity is reversed, the BEMF measuring configurations are overridden by the values in BrkLpGain, BrkCyc,
and BrkWdw for BrkCyc number of half cycles (see bits: BrkLpGain, BrkCyc, BrkWdw). This allows the haptic driver to
optimize the redetection of the BEMF after the sudden change in direction.

Additionally, the haptic driver can automatically detect the optimal braking time when running patterns in the RAMHP
and ETRG modes. When the RAM pattern reaches a brake sample (nLSx = 00 and RPTx = 0000) (see bits: nLSx,
RPTX), or when the ETRG pattern reaches the brake amplitude, the haptic driver measures the LRA’'s BEMF amplitude
centered about either two or four sample points of the sine wave (depending on AutoBrkPeakMeas setting) (see
bit: AutoBrkPeakMeas). If the absolute value of the BEMF is lower than the threshold AutoBrkMeasTh (see bit:
AutoBrkMeasTh) for more than half of the duration of AutoBrkMeasWdw (see bit: AutoBrkMeasWdw) for a number of
consecutive sample points where BEMF amplitude is measured (set by AutoBrkMeasEnd, see bit: AutoBrkMeasEnd),
then the driver determines that the BEMF is sufficiently small and driving stops.

Note that all LRA registers except those that set the full-scale voltage and initial guess for the resonant frequency
of the LRA should be left at their defaults for most actuators. The only exceptions are that EmfSkipCyc (see bit:
EmfSkipCyc) should be written to 0 for optimal performance and when an LRA with a very fast time constant is in use,
the AutoBrkPeakMeas (see bit: AutoBrkPeakMeas) might need to be changed to 1 in order to accommodate that LRA's
characteristics.
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Automatic Level Compensation

Because VHp|N can vary over time, the driver must adjust its output duty cycle to maintain a constant reference to the
full-scale voltage. An automatic level compensation (ALC) function measures Vyp)N and handles this adjustment. ALC
can be enabled by setting the AlcEn bit (see bit: AlcEn) to 1 and uses the MAX20360 internal ADC to monitor VypN. The
ALC function then scales the haptic driver duty cycle as needed to maintain the programmed driver amplitude. If ALC is
not enabled, VHp)N is assumed to be Vfs (see bit: Vfs).

Haptic UVLO

Additionally, if AlcEn = 1 (see bit: AlcEn), VHyp|N is measured after the driver is enabled but prior to starting a vibration.
At any moment, if Vyp|N goes below the maximum between the value programmed through HDINDisTh (see bit:
HDINDisTh) and the VHpiN uvLO threshold, the vibration event is aborted and the haptic driver is locked. See the Haptic
Driver Lock section for details regarding restarting vibration if a haptic UVLO condition is reached.

The time required to perform the initial VypNy measurement, as well as other startup delays, results in a small initial
latency of the haptic driver. To avoid partial pattern skipping in real-time modes, vibration patterns should be provided at
least typ START after enabling the desired real-time vibration mode (PPWM or RTI2C).

Driver Amplitude

The haptic driver features a configurable voltage basis for the amplitude of the driving signal. Setting this basis, referred
to as the full-scale voltage (Vgg), configures the maximum amplitude of the driver output. It is set using Vfs (see bit: Vfs)
and has a range of OV to 5.5V (LSB = 21.57mV). Since the H-bridge is supplied by Vyp|N, the actual full-scale voltage of
the driver at any given moment is the minimum of the value stored in Vfs (see bit: Vfs) and VypN-

Once VFg has been set, all driver amplitudes are scaled as a percentage of the full-scale voltage. The resolution of the
amplitude is always VypN/128. Therefore, the effective resolution of the amplitude scales with the Vpg/VHp)N ratio. For
example, if VEg = VHDIN/2, the effective resolution is 6 bits.

Vibration Timeout

A vibration timeout parameter is programmable through I2C. If a vibration lasts longer than the programmed timeout
period, the vibration is aborted. The timeout period is stored in DrvTmo (see bit: DrvTmo) (LSB = 1s). Writing code
“000000” disables the timeout function. See the Haptic Driver Lock section for details regarding restarting vibration if a
timeout is reached.

Overcurrent/Thermal Protection

The haptic driver also includes overcurrent and thermal shutdown protection. While the haptic driver is active, the
MAX20360 monitors the current from DRP and DRN. If overcurrent protection is enabled (HptOCProtDis = 0) (see bit:
HptOCProtDis) and the DRP or DRN current exceeds Iyp ocp, the haptic driver issues a fault, aborts vibration, and
enters the locked state. B

Thermal protection allows the MAX20360 to immediately shut down the haptic driver should the die temperature exceed
THD_sHDN:- This feature is enabled by setting HptThmProtDis = 0 (see bit: HptThmProtDis).

See the Haptic Driver Lock section for details regarding restarting vibration if an overcurrent or overtemperature condition
is reached.

Haptic Driver Lock

If the MAX20360 detects a fault in the haptic driver, vibrations in progress are aborted and the haptic driver is locked
by the haptic fault locking function. The user must manually set the HptFltUnlock bit (see bit: HptFltUnlock) in order
to run a new vibration attempt. A fault occurs under any of the following conditions: V{p|Nn drops below the threshold
programmed in HDINDisTh (see bit: HDINDisTh) or below VHp|N uvLO, an overcurrent is detected on DRN or DRP
(see bits: HptDRPOCPLow, HptDRNOCPLow, HptDRPOCPHiIgh, HpotDRNOCPHigh), the die temperature exceeds the
thermal protection threshold HptThm (see bit: HptThm), or a vibration duration exceeds the timeout period stored in
DrvTmo (see bit: DrvTmo). Writing HptFItUnlock (see bit: HptFltUnlock) to 1 clears the fault and automatically clears the
HptFltUnlock bit to 0.
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Interface Modes

There are a total of four interface modes for controlling the haptic driver. These include two real-time modes and two
stored memory modes. The haptic driver mode is set through HptDrvMode (see bit: HptDrvMode). Selecting an operation
mode also enables the driver. In addition, HptDrvCIKEn (see bit: HptDrvClkEn) must be set and kept to 1 before setting
HptDrvMode (see bit: HptDrvMode) and for the whole duration of vibration. Once the vibration finishes, HptDrvMode (see
bit: HptDrvMode) must be set to “00000” before the haptic driver can be disabled by setting HptDrvCIkEn = 0 (see bit:
HptDrvCIkEn) for power savings. In all cases haptic patterns must begin with driving in the positive direction.

Pure-PWM (PPWM)

PPWM mode offers real-time control of the haptic driver. Patterns are generated by applying a PWM signal to the MPC_
pin selected by HptDrvMode (see bit: HptDrvMode). The duty cycle of the applied signal determines the amplitude of the
driving signal, scaled by Vfs (see bit: Vfs). The driving direction is centered to about a 50% duty cycle. A duty cycle of 0%
to 47.5% produces a 100%Vfs to 0%Vfs amplitude in the negative direction and a duty cycle of 52.5% to 100% produces
a 0%Vfs to 100%Vfs amplitude in the positive direction (see bit: Vfs). The region between 47.5% and 52.5% duty cycle is
a dead zone and inputs within this range correspond to a null output. All patterns must begin with driving in the positive
direction (duty cycle between 52.5% to 100%).

A timeout feature prevents idle PWM inputs from causing unwanted vibrations of the haptic motor. If the input signal
remains at 0% duty cycle or 100% duty cycle for more than 2.56ms, the output is null and vibration stops. As such, the
MPC__ input must remain dynamic to produce a continuous output.

Real-Time I2C (RTIZC)

Similar to PPWM mode, RTI2C mode offers real-time control of the haptic driver. The HptRTI2CPat register (see register:
HptRTI2CPat) determines the amplitude of the output signal. The lower seven bits of the register (HptRTI2CPat[6:0]) set
the amplitude as a percentage of Vgg and the MSB (HptRTI2CPat[7]) sets the direction of rotation. 100% amplitude,
reverse drive, for example, is produced by setting HptRTI2CPat to 0x7F (0b01111111).

Once RTI2C mode is enabled through HptDrvMode (see bit: HptDrvMode), the haptic driver continuously outputs the
amplitude and direction defined by the latest data in HptRTI2CPat (see bit: HptRTI2CPat). In order to generate haptic
patterns, the HptRTI2CPat register must receive new data. All patterns must begin with driving in the positive direction
(MSB of initial write to HptRTI2CPat = 0).

External Triggered Stored Pattern (ETRG)

In ETRG mode, a rising edge on an MPC_ pin or a 0-to-1 transition of the HptExtTrig bit (see bit: HptExtTrig) initiates
a vibration sequence. The sequence is contained in six registers and comprises an overdrive (startup) amplitude, active
drive amplitude, braking amplitude, and the duration of each driving behavior.

Amplitudes contained in HptETRGOdAmp, HptETRGActAmp, and HptETRGBrkAmp (see bits: HptETRGOdAmp,
HptETRGActAmp, HptETRGBrkAmp) follow the same format as HptRTI2CPat (see bit: HptRTI2CPat) (i.e., the lower-
seven bits store the amplitude as a percentage of Vpg and the MSB determines the direction).

The trigger input is selected when the driver enters ETRG mode through HptDrvMode (see bit: HptDrviMode). In order to
properly register the rising edge, the trigger signal must remain high for a few clock cycles of the driver.

Once the sequence begins, the haptic driver follows the duration values stored in HptETRGOdDur, HptETRGACctDur, and
HptETRGBrkDur (see bits: HptETRGOdDur, HptETRGActDur, HptETRGBrkDur). It is possible, however, to extend the
active drive time by leaving the trigger high longer than the time specified in HptETRGActDur (see HptETRGActDur).
Doing so causes the driver to output the amplitude stored in HptETRGActAmp (see bit: HptETRGActAmp) until a falling
edge is detected. Once the trigger signal falls low, the brake sequence executes. All patterns must begin with driving in
the positive direction (MSB of HptETRGOdAmp = 0, see bit: HptETRGOdJAmp).

RAM Stored Haptic Pattern (RAMHP)

The final method of controlling the haptic driver is RAMHP mode. The MAX20360 contains an internal 256 x 24-bit RAM
in which haptic patterns are stored. By storing haptic sequences in RAM at startup, the driver can perform sophisticated
haptic sequences upon receipt of a trigger signal as in ETRG mode. The direct 12C register HptRAMPatAdd (see bit:
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HptRAMPatAdd) specifies the RAM address where the sequence begins.

RAM should be loaded when the MAX20360 comes out of OFF/SEAL mode. To write data to the RAM, the HptRAMEn
(see bit: HptRAMEn) must first be set high. Next, writing a value to the direct register HptRAMAJdd (see bit: HptRAMAdJAJ)
specifies the RAM address in which data written to HptRAMDataH, HptRAMDataM, and HptRAMDataL is store (see
bit: HptRAMDataH, HptRAMDataM, HptRAMDatal). It is possible to read back data from RAM. Writing an address to
HptRAMAJd (see bit: HptRAMAdJ), then initiating an 12C read transaction of the HptRAMDataH, HptRAMDataM, and
HptRAMDatalL registers allow readback of the three bytes stored in the RAM address. RAM read and write procedures
are depicted graphically in Figure 33. Note that all patterns must begin with driving in the positive direction (AmpSign of
first RAM address in a pattern = 0).

A haptic pattern is composed of multiple pattern samples. Pattern samples define the amplitude, duration, wait time,
transition, and repetition of a segment of a haptic pattern. These samples are defined in three bytes and written to
RAM through HptRAMDataH, HptRAMDataM, and HptRAMDataL. HptRAMDataH (see bit: HptRAMDataH) contains the
sign of the sample’s amplitude (AmpSign), the upper-five bits of the amplitude (Amp[6:2]), and instructions to the haptic
driver on handling the pattern sample (nLSx). HptRAMDataM (see bit: HptRAMDataM) contains the lower two bits of the
sample’s amplitude (Amp[1:0]), the duration of the sample (Dur), and the upper bit of the wait time before the next sample
in the pattern (Wait[4]). HptRAMDataL (see bit: HptRAMDatal) contains the lower four bits of the wait time (Wait[3:0])
and the repetition behavior (RPTx). Table 7 describes the definition of a pattern sample and Figure 34 and Figure 35
provide a sample haptic pattern with a corresponding waveform.

WRITING RAM DATA BYTES AT RAM ADDRESS][7:0]

S | SLAVE ADDRESS-W HptRAMAddr (0x28) RAM ADDRESS[7:0] RAMDataH[7:0] RAMDataM[7:0] RAMDataL[7:0] A P‘

READING RAM DATA BYTES FROM RAM ADDRESS][7:0]

’ S | SLAVE ADDRESS-W HptRAMAddr (0x28) RAM ADDRESS[7:0]

SLAVE ADDRESS-W HptDataH (0x29) Sr| SLAVE ADDRESS-R | A | RAMDataH[7:0] | A | RAMDataM[7:0] | A | RAMDataL[7:0] |NA P

-]

FROM MASTER TO SLAVE

FROM SLAVE TO MASTER

START CONDITION

REPEATED START

STOP CONDTION

ACKNOWLEDGE

AEEEEE

NOT ACKNOWLEDGE

Figure 33. Read and Write Process for Haptic RAM

Table 7. RAMHP Pattern Storage Format

ADDRESS 0x40-0x43
BIT B7 | B | B5 | B4 | B3 | B2 | BT | BO
HptRAMAdd HptRAMAJA[7:0]
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Table 7. RAMHP Pattern Storage Format (continued)

HptRAMDataH nLSx[1:0] AmpSign ‘ Amp[6:2]
HptRAMDataM Amp[1:0] Dur[4:0] ‘ Wait[4]
HptRAMDataL Wait[3:0] ‘ RPTx[3:0]

HptRAMAJdA[7:0] | The RAM address in which the pattern sample is stored

Sets the behavior of a sample in the pattern.

00 = Current sample is the last sample in the pattern

nLSx[1:0] 01 = Current sample is not the last sample in the pattern

10 = Interpolate current sample with next sample

11 = Current sample is the last sample in the pattern. Repeat the entire pattern RPTx[3:0] times

Sign of haptic amplitude in current sample

0 = Positive

AmpSign[1:0] 1 = Negative

Patterns must always use the convention that driving begins with positive (0) amplitude and braking is done with
negative (1) amplitude.

Amp[6:2] Sets the amplitude of pattern sample x as a 7-bit percentage of Vgg and a 1-bit direction (see Vfs[7:0]).

Sets the duration of time the driver outputs the amplitude of the current sample in increments of 5ms
00000 = Oms
Dur(4:0] 00001 = 5ms
11110 = 150ms
11111 = 155ms

Sets the duration of time the driver waits at zero amplitude before the next sample in increments of 5ms
00000 = Oms
Wait[4:0] 00001 = 5ms
11110 = 150ms
11111 = 155ms

Sets the number of times to repeat the sample before moving to the next sample in the pattern. If nLSx[1:0] =
11, this sets the number of times to repeat the whole pattern.

0000 = Repeat 0 times. If nLSx = 00, automatic braking is performed on this sample with a maximum braking
. time equal to Wait[4:0].

RPTX[3:0] 0001 = Repeat 1 time
1110 = Repeat 14 times
1111 = Repeat 15 times
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nLS0[1:0] A7:0] D[4:0] W[4:0] RPT[3:0]
END OF PREVIOUS
nLSpREV APREV DPREV WPREV RPTPREV | ®——— pATTERN
01 A0 00010 00001 0001
01 A1 00011 00000 0010
10 A2 00011 00000 DC
10 A3 00011 00000 DC
11 A4 DC 00010 0010
DC = DON'T CARE
Figure 34. Sample Pattern Stored in RAM
SAMPLEQ | SAMPLE 1 , SAMPLE2 | SAMPLE3 SAMPLE 4 REPEAT PATTERN
A0 A1 A2 A3 A
I I I I
i Il ] |
~20m 30ms—-1t—30ms—P-1a—30ms—p-14—30ms a20m: 30ms——at—30ms—P—a—30ms—P—a—30ms
I I I
WAIT 10ms WAIT 20ms WAIT 10ms WAIT 20ms

Figure 35. Diagram of Haptic Driver Output for Sample Pattern Stored Pattern

Fuel Gauge

The MAX20360 integrates ModelGauge m5 EZ with high-side current sensing. For more details about the ModelGauge
m5 algorithm, a link to the ModelGauge m5 EZ User Guide/software implementation guide, etc., refer to the Design
Resources tab at the MAX77260 product page, and see the Register Map in the MAX17620 data sheet.

MAX20361 Harvester Interaction

The MAX20360 implements a few features that allow it to seamlessly interact with the MAX20361 solar-energy harvester
chip. Registers ThmCfg2, HrvCfg0, and HrvCfg1 (see bits: ThmCfq2, HrvCfq0, HrvCfg1) offer some settings for how the
harvester-PMIC interaction takes place. Thresholds set on the PMIC for battery full-charge voltage and a restart threshold
(see bits: HrvBatReq, HrvBatReChq) set the conditions for the behavior of the PMIC described in per the HrvBatSys
register setting (see bit: HrvBatSys). Interactions between the charger and harvester are intended to be seamless and
system intervention should not be necessary.
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Harvester Thermistor Monitoring

The MAX20360 features harvester temperature thresholds that are distinct from those of the battery charger for hot and
cold regions. These thresholds are more relaxed offering a wider temperature range over which the harvester is permitted
to charge. According to the device specific setting (see JEITASet in Table 8) the hot threshold can be set to either 14.51%
(JEITASet = 0) or 23.53% (JEITASet = 1) while the cold threshold is fixed at 81.64% for both. For additional flexibility,
register HrvCfg1 (see register: HrvCfg1) also allows behavior in the various charging temperature regions to be defined.
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Register Map

Haptic Driver and ADC Registers - SlavelD: 0xA0/0xA1
ADDRESS | NAME | msB | | \ LSB
ADC and Haptic Status/Interrupts

HPtDRP | HptDRN
_ HptHDIN | HptDRP | HptDRN : , HptCIkO | HptFraLo
HptStatus0[7:0] k
0x00 HptStatus0[7:0 Dis OCPLow | OCPLow OCI;’ng OCI;ng HptThm n ck
0x01 HptStatus1[7:0 - - - - - - - HptFIt
0x02 | HptStatus2[7:0] - - - - - - AD(;B“S -
HPtDRP | HptDRN | HptDRP | HptDRN
0x03 | HptInt0[7:0] HPtHDIN | 051 6w | oCPLow | OCPHIg | ocPHig | PPIThmI | HPtCIKO | HptFralo
DisInt nt nint ckint
Int Int hint hint
HptAuto
. HptTmol | HptHDIN
0x04 HptInt1[7:0 - - - - Tug(lergon nt UVLOInt HptFltint
_ ADCBus | ADCEO
0x05 | HptInt2[7:0] - - - - - - Jint ot
HptDRP | HptDRN | HptDRP | HptDRN
0x06 | HptlntMask0[7:0] HDpitsTn[t)llvll\l OCPLow | OCPLow | OCPHig | OCPHig Hprmm' Hr‘l’ltr?t',\'jlo H(E’irr:fl\'f
IntM IntM hintM hintM
HptAuto HptHDIN
0x07 | HptlntMask1[7:0] - - - — | TuneDon | PPETMOL |5y opng | HPEFItinG
ntM M
elntM M
ADCBus | ADCEO
: — — p— — — —
0x08 HptIintMask?2[7:0 yintM ClntM

Haptic Control

0x09 HptControl[7:0

HptExtTri | HptRam | HptDrvCl HptDrvMode(4:0]

g En kEn
0x0A HptRTI2CPat[7:0] HptRTI2CPat[7:0]
0x0B HptRAMPatAdd[7:0] HptRAMPatAdd[7:0]

. _ _ _ _ B HptOfflm | HptThm | HptOCPr
0x0C HptProt[7:0 p ProtDis otDis
0x0D | HptUnlock(7:0] - - - - - - - HptFitUnl

ock
Haptic Configuration
AutoBrk | AutoBrk
0x11 | HPTCfqO[7:0] - PeakMe | CmpSat A”E)‘?SB”‘ EmfEn | HptSel | AlcEn ZCC':VSE
as Stop
0x12 HPTCfg1[7:0 Vfs[7:0]
0x13 HPTCfg2[7:0 HDINDIsTh[7:0]
0x14 HPTCfg3[7:0] - EmfSkipTh[6:0]
0x15 | HPTCfq4[7:0] IniGssRe - - IniDly[4:0]
sDis
0x16 HPTCfg5[7:0 - - - WidWdw[4:0]
0x17 HPTCfg6[7:0 Narwdw[3:0] - EmfSkipCyc[2:0]
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ADDRESS NAME MSB ] \ ] \ | LsB
0x18 | HPTCfq7(7:0] - - BlankWdw[5:0]
0x19 | HPTCfq8[7:0] - - - BrkCyc[4:0]
Ox1A | HPTCfg9[7:0] AutoBrkMeasWdw[3:0] AutoBrkMeasTh[1:0] A“t"Brk'\’(')?aSE”d“:
0x1B | HPTCfgA[7:0] - BrkLpGain[1:0] - BrkWdw{3:0]
0x1C | HPTCfgB[7:0] ZCCES;OW F'tr(;”“E - DrvTmo[4:0]
0x1D | HPTCfqC[7:0] IniGss[7:0][7:0]
Ox1E | HPTCfgD[7:0] - - - | - ] IniGss[11:8][3:0]
Ox1F | HPTCfgE[7:0] - - NarCntLck[5:0]
0x20 HPTCfgF[7:0 - NarLpGain[2:0] | - I WidLpGain[2:0]
Haptic Autotune
022 | HptAuoTunel7:0] - - - - - = | “eowo | “sRun”
0x23 | BEMFPeriod0[7:0] BEMPFPeriod[7:0][7:0]
0x24 | BEMFPeriod1[7:0] - - - - BEMFPeriod[11:8][3:0]
Haptic Patterns
0x30 | HptETRGOdAmPpI7:0] ETRGOJAmp[7:0]
0x31 | HptETRGOdDur[7:0] ETRGOdDur{7:0]
0x32 | HptETRGACtAmPpI[7:0] ETRGACtAmp[7:0]
0x33 | HptETRGAGtDUr[7:0] ETRGActDur{7:0]
0x34 | HptETRGBrkAmp[7:0] ETRGBrkAmp[7:0]
0x35 | HptETRGBrkDur[7:0] ETRGBrkDur(7:0]
RAM Interface
0x40 | HptRAMAA[7:0] HptRAMAJA[7:0]
0x41 HptRAMDataH[7:0] HptRAMDataH[7:0]
0x42 | HptRAMDataM[7:0] HptRAMDataM[7:0]
0x43 | HptRAMDataL[7:0] HptRAMDataL[7:0]
ADC/MON Interface
050 | ADCEN[Z0) - - - - - - - | Yoo
0x51 | ADCCfq[7:0] - - ADCAvgSiz[2:0] ADCSel[2:0]
0x53 ADCDatAvg[7:0 ADCAvg[7:0]
0x54 | ADCDatMin[7:0] ADCMIn[7:0]
0x55 ADCDatMax[7:0 ADCMax([7:0]

www.maximintegrated.com

Maxim Integrated | 99



MAX20360

Register Details

HptStatus0 (0x00)

PMIC with Ultra-Low I Regulators, Charger,

Fuel Gauge, and Haptic Driver for

Small Li+ System

BIT 7 6 5 4 3 2 1 0
. .| HptDRPOC | HptDRNOC | HptDRPOC | HptDRNOC
Field HptHDINDis PLow PLow PHigh PHigh HptThm HptCIkOn HptFrglLock
Access
Type Read Only | ReadOnly | Read Only | Read Only | Read Only | Read Only | Read Only | Read Only
BITFIELD BITS DESCRIPTION DECODE
0: VHpIN greater than HDINDisTh[7:0] threshold.
HotHDINDis 7 Status of the haptic driver HDIN voltage 1: Fault condition. Haptic driver locked and
P disable threshold. disabled due to Vyp)N falling below the
HDINDIsTh[7:0] threshold.
0: No overcurrent detected on the DRP low-side
—_ switch.
ESJVDRPOCP 6 Srt_z:ggtgntgi Tﬁgtgsg\lls\;fs\?z:gxﬁzg 1: Fault condition. Haptic driver locked and
P ’ disabled due to current on the DRP low-side switch
rising above thr Iyp ocp threshold.
0: No overcurrent detected on the DRN low-side
— switch.
EEJVDRNOCP 5 Srt'stt:cszti(z)fntgi T:g%;,:”g\:ﬁ;if:uﬁg; 1: Fault condition. Haptic driver locked and
P ’ disabled due to current on the DRN low-side switch
rising above the Iyp ocp threshold.
0: No overcurrent detected on the DRP high-side
P switch.
:Ftr? RPOCP 4 S:gttgzti?)fntgi ngtg;g\ﬁrﬁ_\;?ézusr\r;?éh 1: Fault condition, haptic driver locked and
9 P 9 ’ disabled due to the current on the DRP high-side
switch rising above the Iyp_ocp threshold.
0: No overcurrent detected on the DRN high-side
R switch.
:FtE RNOCP 3 Srtgttgcs:ticc))fnﬂ;i ngtg;'\rllvh?r r?-vs?crj(;ug/s?irt]ct:h 1: Fault condition. Haptic driver locked and
9 P 9 ’ disabled due to current on the DRN high-side
switch rising above the Iyp_ocp threshold.
0: No overtemperature condition detected.
—_ . 1: Fault condition. Haptic driver locked and
HptThm 2 Status of the haptic driver thermal protection. disabled due to the die temperature rising above
the THp_sHDN threshold.
— 0: Haptic driver clock disabled
HptCIkOn 1 Status of the haptic driver clock. 1: Haptic driver clock enabled
HotFraLock 0 Status of the haptic driver BEMF resonant 0: BEMF resonant frequency not locked
ptrra frequency locking. 1: BEMF resonant frequency locked
HptStatus1 (0x01)

BIT 7 6 5 4 3 2 1 0
Field - - - - - - - HptFIt
Access
Type - - - - - - - Read Only
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BITFIELD BITS DESCRIPTION DECODE
0: No haptic driver fault condition detected
HptFIt 0 Status of the haptic driver fault condition. 1: Haptic driver locked and disabled due to one or
more fault conditions detected
HptStatus2 (0x02)

BIT 7 6 5 4 3 2 1 0
Field - - - - - - ADCBusy -
Access
Type - - - - - - Read Only -

BITFIELD BITS DESCRIPTION DECODE
. 0: ADC disabled
ADCBusy L Status of ADC operation. 1: ADC enabled and conversion running
Hptint0 (0x03)
BIT 7 6 5 4 3 2 1 0
. HptHDINDis | HptDRPOC | HptDRNOC | HptDRPOC | HptDRNOC HptFrgLockl
Field Int Plowint | PlLowint | PHighint | PHighint | HPtThmInt | HptClkOnint nt
%(,:;:ss Write, Read | Write, Read | Write, Read | Write, Read | Write, Read | Write, Read | Write, Read | Write, Read
BITFIELD BITS DESCRIPTION
HptHDINDisInt Change in HptHDINDis caused an interrupt.
HptDRPOCPLowInt 6 Change in HptDRPOCPLow caused an interrupt.
HptDRNOCPLowInt 5 Change in HptDRNOCPLow caused an interrupt.
HptDRPOCPHighint 4 Change in HptDRPOCPHigh caused an interrupt.
HptDRNOCPHighInt 3 Change in HptDRNOCPHigh caused an interrupt.
HptThmint 2 Change in HptThm caused an interrupt.
HptClkOnint 1 Change in HptCIkOn caused an interrupt.
HptFrgLockint 0 Change in HptFrgLock caused an interrupt.
Hptint1 (0x04)
BIT 7 6 5 4 3 2 1 0
. HptAutoTun HptHDINUV
Field - - - - eDonelnt HptTmolnt LOInt HptFltint
Access - - - - Write, Read | Write, Read | Write, Read | Write, Read
Type
BITFIELD BITS DESCRIPTION DECODE
HptAutoTune 3 Haptlc driver auto-tune procedure completion Set to 1 when haptic auto tune is complete.
Donelnt interrupt.
0: Haptic driver vibration timeout not expired.
HptTmolnt 2 Haptic driver vibration timeout interrupt. 1: Fault condition. Haptic driver locked and
disabled due to vibration timeout being expired.
0: VHDIN > VHDIN_UVLO-
HptHDINUVL 1 Haptic driver HDIN UVLO interrupt. 1: Fault condition. Haptic driver locked and
Olnt :
disabled due to VHp|N < VHDIN_UVLO-
HptFltint 0 Change in HptFIt caused an interrupt. Set to 1 when there is change in the HptFlt bit.
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Hptint2 (0x05)

BIT 7 6 5 4 3 2 1 0
Field - - - - - - ADCBusyInt | ADCEOCInt
Access - - - - - - Write, Read | Write, Read
Type

BITFIELD BITS DESCRIPTION
ADCBusylint 1 Change in ADCBusy caused an interrupt.
ADCEOCInt 0 ADC end of conversion interrupt.

HptIntMask0 (0x06)
BIT 7 6 5 4 3 2 1 0
Field HptHDINDis | HptDRPOC | HptDRNOC | HptDRPOC | HptDRNOC HotThmintM HptClkOnint | HptFrgLockl
IntM PLowIntM PLowIntM PHighIntM PHighIntM P M ntM
%(,:;:ss Write, Read | Write, Read | Write, Read | Write, Read | Write, Read | Write, Read | Write, Read | Write, Read
BITFIELD BITS DESCRIPTION DECODE
HptHDINDisl 7 HptHDINDisIntM masks the HptHDINDisInt 0: Masked
ntM interrupt in the HptInt0 register (0x03). 1: Not masked
HptDRPOCPLowIntM masks the .
HPptDRPOCP 6 HptDRPOCPLowlnt interrupt in the Hptinto | 9+ Masked
LowIntM : 1: Not masked
register (0x03).
HptDRNOCPLowIntM masks the .
HPptDRNOCP 5 HPtDRNOCPLowint interrupt in the Hptinto | - Masked
LowIntM : 1: Not masked
register (0x03).
HptDRPOCPHighIntM masks the .
HptDRPOCP 4 HptDRPOCPHighint interrupt in the Hptinto | - Masked
HighintM : 1: Not masked
register (0x03).
HptDRNOCPHighIntM masks the .
HPtDRNOCP 3 HptDRNOCPHighint interrupt in the Hptinto | - Masked
HighIntM - 1: Not masked
register (0x03).
HptThmIntM masks the HptThmint interrupt in | 0: Masked
HptThmintM 2 the HptIntO register (0x03). 1: Not masked
HptClkOnint 1 HptClkOnIntM masks the HptClkOnlnt 0: Masked
M interrupt in the HptIntO register (0x03). 1: Not masked
HptFrgLockin 0 HptFrgLockIntM masks the HptFrgLockint 0: Masked
tM interrupt in the HptIntO register (0x03). 1: Not masked
HptintMask1 (0x07)
BIT 7 6 5 4 3 2 1 0
. HptAutoTun HptHDINUV
Field - - - - eDonelntM HptTmolntM LOIntM HptFltintM
Access - - - - Write, Read | Write, Read | Write, Read | Write, Read
Type
BITFIELD BITS DESCRIPTION DECODE
HptAutoTuneDonelntM masks the .
HptAutoTune 3 HptAutoTuneDonelnt interrupt in the Hptint1 Oj Masked
DonelntM : 1: Not masked
register (0x04).
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BITFIELD BITS DESCRIPTION DECODE
HptTmolntM masks the HptTmolnt interrupt in | 0: Masked
HptTmolntM 2 the HptInt1 register (0x04). 1: Not masked
HptHDINUVLOIntM masks the .
HptHDINUVL 1 HptHDINUVLOInt interrupt in the Hptint1 0- Masked
OIntM : 1: Not masked
register (0x04).
HptFltintM masks the HptFltint interrupt in the | 0: Masked
HptFtintM 0 HptInt1 register (0x04). 1: Not masked
HptintMask2 (0x08)
BIT 7 6 5 4 3 2 1 0
. ADCBusyInt | ADCEOCInt
Field - - - - - - M M
Access - - - - - - Write, Read | Write, Read
Type
BITFIELD BITS DESCRIPTION DECODE
ADCBusylnt 1 ADCBusyIntM masks the ADCBusylnt 0: Masked
M interrupt in the HptInt2 register (0x05). 1: Not masked
ADCEOCInt 0 ADCEOCIntM masks the ADCEOCInt 0: Masked
M interrupt in the HptInt2 register (0x05). 1: Not masked
HptControl (0x09)
BIT 7 6 5 4 \ 3 2 | 1 0
Field HptExtTrig | HptRamEn HptD:’C“‘E HptDrvMode([4:0]
Access Write, Read | Write, Read | Write, Read Write, Read
Type
BITFIELD BITS DESCRIPTION DECODE
Haptic driver external trigger for ETRGI and
HotExtTri 7 RAMHPI driver mode (HptDrvMod[4:0] = 0: No vibration triggered
P 9 "01100" and HptDrvMod[4:0] = "10010," 1: Vibration triggered
respectively)
N 0: RAM disabled
HptRamEn 6 Haptic driver RAM block enable 1° RAM enabled
Haptic driver clock enable. In all interface
modes, HptDrvCIKEn must be set to 1 at the
same time or before providing the desired
mode in HptDrvMod[4:0]. The HptDrvCIKEn . N .
HptDrvCIkEn 5 bit must remain set to 1 during the vibration. ?j :2‘)::2 g:x:; g:gg:z g::gfg
Once vibration finishes, HptDrvMod[4:0] must | P
be set to “00000” before the haptic driver can
be disabled through HptDrvCIKEn = O for
power savings
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BITFIELD

BITS

DESCRIPTION

DECODE

HptDrvMode

4:0

Haptic driver interface mode selection.

00000: Disable haptic driver.

00001: Enable PPWMO mode and provide
amplitude based on PWM duty cycle on MPCO
00010: Enable PPWM1 mode and provide
amplitude based on PWM duty cycle on MPC1
00011: Enable PPWM2 mode and provide
amplitude based on PWM duty cycle on MPC2
00100: Enable PPWM3 mode and provide
amplitude based on PWM duty cycle on MPC3
00101: Enable PPWM4 mode and provide
amplitude based on PWM duty cycle on MPC4
00110: Enable RTI2C mode and provide current
output amplitude based on the contents of
HptRTI2CPat(0x0A)

00111: Enable ETRGO mode. Provide a pulse on
MPCO to start vibration (see the External Triggered
Stored Pattern (ETRG) section for details).

01000: Enable ETRG1 mode. Provide a pulse on
MPC1 to start vibration (see the External Triggered
Stored Pattern (ETRG) section for details).

01001: Enable ETRG2 mode. Provide a pulse on
MPC2 to start vibration (see the External Triggered
Stored Pattern (ETRG) section for details).

01010: Enable ETRG3 mode. Provide a pulse on
MPCS3 to start vibration (see the External Triggered
Stored Pattern (ETRG) section for details).

01011: Enable ETRG4 mode. Provide a pulse on
MPC4 to start vibration (see the External Triggered
Stored Pattern (ETRG) section for details).

01100: Enable ETRGI mode using I12C. Set
HptExtTrg(0x09[7]) bit to start vibration (see the
External Triggered Stored Pattern (ETRG) section
for details).

01101: Enable RAMHPO mode. Provide a pulse on
MPCO to start vibration (see the RAM Stored
Haptic Pattern (RAMHP) section for details).
01110: Enable RAMHP1 mode. Provide a pulse on
MPCH1 to start vibration (see the RAM Stored
Haptic Pattern (RAMHP) section for details).
01111: Enable RAMHP2 mode. Provide a pulse on
MPC?2 to start vibration (see the RAM Stored
Haptic Pattern (RAMHP) section for details).
10000: Enable RAMHP3 mode. Provide a pulse on
MPC3 to start vibration (see the RAM Stored
Haptic Pattern (RAMHP) section for details).
10001: Enable RAMHP4 mode. Provide a pulse on
MPC4 to start vibration (see the RAM Stored
Haptic Pattern (RAMHP) section for details).
10010: Enable RAMHPI mode using 12C. Set
HptExtTrg(0x09[7]) bit to start vibration (see the
RAM Stored Haptic Pattern (RAMHP) section for
details).

>10010: Reserved
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BIT 7 | 6 5 4 \ 3 \ 2 | 1 \ 0
Field HptRTI2CPat[7:0]
Access Write, Read
Type
BITFIELD BITS DESCRIPTION
Haptic driver programmed output amplitude as a percentage of Vgg in RTI2C
. mode (HptDrvMod = "00110"). LSB = 0.78%VFs. Note that the MSB
HptRTI2CPat 70 represents the sign of the amplitude to be driven. Patterns must always begin
with driving in the positive direction (0 as the MSB).
HptRAMPatAdd (0x0B)
BIT 7 | 6 5 4 \ 3 \ 2 | 1 0
Field HptRAMPatAdd[7:0]
Access Write, Read
Type
BITFIELD BITS DESCRIPTION
. Address of first sample in haptic driver vibration pattern to be run in RAMHP_
HptRAMPatAdd 70 mode (HptDrvMod ="01101," "01110," "01111," "10000," "10001," "10010").
HptProt (0x0C)
BIT 7 6 5 4 3 2 1 0
. HptThmProt | HptOCProt
Field - - - - - HptOfflmp Dis Dis
Access - - - - - Write, Read | Write, Read | Write, Read
Type
BITFIELD BITS DESCRIPTION DECODE
0: When haptic driver is disabled, outputs are
N . . strongly shorted to GND through low-side switches
HptOfflmp 2 Haptic driver output off-state impedance. 1: When haptic driver is disabled, outputs are
shorted to GND with 15kQ pull-down
Haptic driver thermal protection disable.
If HptThmPrthls = 0 and the haptic driver is 0: Thermal protection enabled, haptic driver shuts
locked and disabled due to an . -
HptThmProt " down if die temperature rises above THp SHDN
: 1 overtemperature condition, HptThmint —
Dis : L . threshold
interrupt is issued and HptFlt is set to 1. Set 1- Thermal orotection disabled
HptFltUnlock = 1 to allow a restart of the ’ P
haptic driver.
Haptic driver overcurrent protection disable.
If HptOCProtDis = 0 and the haptic driver is
locked and disabled due to an overcurrent 0: Overcurrent protection enabled. Haptic driver
HotOCProtDi condition, HptDRPOCPLowInt and/or shuts down if current through any of DRP/DRN
s P 0 HptDRNOCPLowInt and/or high/low-side switches exceeds the Iyp ocp

HptDRPOCPHighint and/or
HptDRNOCPHighInt interrupt is issued and
HptFlt is set to 1. Set HptFltUnlock = 1 to
allow a restart of the haptic driver.

threshold
1: Overcurrent protection disabled
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HptUnlock (0x0D)

BIT 7 6 5 4 3 2 1 0
Field _ _ _ _ _ _ _ HptFItUnloc
k
Access - - - - - - - Write, Read
Type
BITFIELD BITS DESCRIPTION

Haptic driver unlock control.

When a fault condition causes the haptic driver to be locked and disabled,
HptFlt is set to 1 and it can only be cleared by manually writing HptFItUnlock
to 1. After the unlock, HptFItUnlock also goes to 0 automatically.

HptFltUnlock 0

HPTCfg0 (0x11)

BIT 7 6 5 4 3 2 1 0
. AutoBrkPea | AutoBrkCm .
Field - KMeas pSatStop AutoBrkDis EmfEn HptSel AlcEn ZccHysEn
Access . . . . . . .
Type - Write, Read | Write, Read | Write, Read | Write, Read | Write, Read | Write, Read | Write, Read
BITFIELD BITS DESCRIPTION DECODE
Haptic driver BEMF amplitude detection 0: Four sample points are used to measure the
AutoBrkPeak 6 sample points. BEMF amplitude
Meas Determines if two or four BEMF sample 1: Two sample points are used to measure the
points are used during automatic braking. BEMF amplitude
Haptic driver BEMF zero crossing comparator
counter saturation. . . . .
If enabled, the automatic braking function 0: Do not exit braklng when the zero crossing
AutoBrkCmp : . comparator counter is saturated
5 exits when the counter on the zero crossing el . .
SatStop . . - 1: Exit braking when the zero crossing comparator
comparator is saturated during a braking counter is saturated
window within one of the BrkCyc[4:0] half
periods.
. - . . . 0: Automatic braking enabled
AutoBrkDis 4 Haptic driver automatic braking disable. 1: Automatic braking disabled
Haptic driver BEMF resonance detection 0: Disabled
EmfEn 3 :
control. 1: Enabled
— 0: ERM mode
HptSel 2 Haptic driver mode select. 1 LRA mode
AICEn 1 Haptic driver automatic level compensation 0: Disabled
(ALC) control. 1: Enabled
Haptic driver BEMF zero crossing comparator | 0: Disabled
ZccHysEn 0 hysteresis control. 1: Enabled (6mV typ)

HPTCfg1 (0x12)

BIT 7 6 5 4 \ 3 \ 2 | 1 0
Field Vfs[7:0]
Access Write, Read
Type
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BITFIELD BITS DESCRIPTION
Haptic drive full-scale voltage (VEs).
. Stores the voltage Vg to which the desired percentage output amplitude is
Vfs 7:0 . -
referred. The actual Vgg is the minimum between the value programmed on
Vfs[7:0] and the current Vyp|N value. LSB = 5.5V/255 = 21.57mV.
HPTCfg2 (0x13)
BIT 7 6 4 \ 3 \ 2 1 0
Field HDINDIisTh[7:0]
Access Write, Read
Type
BITFIELD BITS DESCRIPTION
Haptic driver HDIN voltage disable threshold.
HDINDisTh 7:0 If VHpDIN falls below this threshold, the haptic driver is locked and disabled,
’ HptHDINDisInt interrupt is issued and HptFlt is set to 1. Set HptFltUnlock = 1
to allow a restart of the haptic driver. LSB = 5.5V/255 = 21.57mV.
HPTCfg3 (0x14)
BIT 7 6 4 \ 3 \ 2 1 0
Field - EmfSkipTh[6:0]
Access - Write, Read
Type
BITFIELD BITS DESCRIPTION
Haptic driver BEMF detection skip threshold.
EmfSkioTh 6:0 If the absolute (lower 7 bits) programmed output amplitude as a percentage of
P ’ VEs is lower than EmfSkipTh, BEMF detection is skipped as the returned
BEMF voltage would be too small to be reliably detected. LSB = 0.78%VEs.
HPTCfg4 (0x15)
BIT 7 6 4 3 2 1 0
Field '”'GSiSSReSD - IniDly[4:0]
Access Write, Read - Write, Read
Type
BITFIELD BITS DESCRIPTION DECODE
0: Haptic driver uses IniGss[11:0] as the driving
frequency after the end of BrkCyc[4:0] sinewave
. . S . half periods
IniGssResDis 7 Haptic driver initial guess restore disable. 1: Haptic driver does not use IniGss[11:0] as the
driving frequency after the end of BrkCyc[4:0]
sinewave half periods
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BITFIELD BITS DESCRIPTION DECODE

Haptic driver number of sinewave half periods
to be skipped before (re)starting BEMF
measurement after:

1) start of vibration pattern

IniDly 4:0 2) change of output polarity (e.g., braking)

3) programmed percentage output amplitude
(with respect to VEg) becoming again higher
than EmfSkipTh[6:0] after having previously
gone below it

HPTCfg5 (0x16)

BIT 7 6 5 4 S 0
Field . . = WidWdw(4:0]
Access - - - Write, Read
Type
BITFIELD BITS DESCRIPTION

Haptic driver wide window duration for BEMF zero-crossing detection. LSB =

WidWdw 40 1/32nd of currently imposed sinewave period.

HPTCfg6 (0x17)

BIT 7 6 | 5 | 4 3 2 1 | o
Field NarWdw(3:0] - EmfSkipCyc[2:0]
Access Write, Read - Write, Read
Type

BITFIELD BITS DESCRIPTION

Haptic driver narrow window duration for BEMF zero-crossing detection. LSB

NarWdw 74 = 1/32"d of currently imposed sinewave period.

Haptic driver number of consecutive sinewave half periods during which

EmfSkipCyc 20 BEMF detection is skipped after a BEMF detection completes.

HPTCfg7 (0x18)

BIT 7 6 5 4 3 | 2 | 1 0
Field - - BlankWdw[5:0]
Access — - Write, Read
Type
BITFIELD BITS DESCRIPTION

Haptic driver zero-crossing comparator blanking time applied after entering or
prior to exiting the wide, narrow, and braking windows. The blanking window
BlankWdw 5:0 duration cannot exceed 1/64th of the current sinewave period unless
AutoBrkPeakMeas = 1 and the driver is in the automatic braking state. LSB =
128/25.6MHz.

HPTCfg8 (0x19)

BIT 7 6 5 4 3 \ 2 | 1 0
Field - - - BrkCyc[4:0]
Access _ _ _ Write, Read
Type
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BITFIELD BITS DESCRIPTION
Haptic driver number of consecutive sinewave half periods during which
active braking is applied after a change in driving polarity. During these half
BrkCyc 4:0 periods, the gain used becomes BrkLpGain[1:0], the window duration
becomes BrkWdw[4:0], and the effects of IniDly[4:0], EmfSkipCyc[2:0], and
NarCntLck[5:0] are masked.
HPTCfg9 (0x1A)

BIT 7 6 \ 5 \ 4 3 \ 2 1 \ 0
Field AutoBrkMeasWdw([3:0] AutoBrkMeasTh[1:0] AutoBrkMeasEnd[1:0]
Access Write, Read Write, Read Write, Read
Type

BITFIELD BITS DESCRIPTION DECODE
Haptic driver BEMF amplitude detection
C\;ldt\?vBrkMeas 74 window duration during automatic braking.
LSB = 128/25.6MHz.
00: 2.5mV
AutoBrkMeas 3: Haptic driver BEMF absolute amplitude 01: 5.0mV
Th ’ detection threshold during automatic braking. | 10: 7.5mV
11:10.0mV
Haptic driver BEMF amplitude detection end
counter during automatic braking.
Sets the number of consecutive BEMF 00: 1
AutoBrkMeas 10 amplitude detections in which the absolute 01:2
End ’ amplitude of the BEMF must be less than 10: 3
AutoBrkMeasTh[1:0] for more than half of 11: 4
AutoBrkMeasWdw][3:0] in order to stop
automatic braking.
HPTCfgA (0x1B

BIT 7 6 \ 5 4 3 2 | 1 \ 0

Field - BrkLpGain[1:0] - BrkWdw[3:0]
Access - Write, Read - Write, Read
Type

BITFIELD BITS DESCRIPTION DECODE
Haptic driver braking window gain.
Sets gain by which the phase delay found by .
: ) - 00: 1
the zero-crossing comparator is multiplied to 01: 1/2
BrkLpGain 6:5 calculate the shift for the new sinewave half 10: 1/4
period with respect to the previously imposed :
: : . 11:1/8
sinewave. This value is used when the
braking window is active.
Haptic driver braking window duration for
BrkWdw 3.0 BEMF zero-crossing detection. LSB = 1/32nd

of currently imposed sinewave period.
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BIT 7 6 5 4 \ 3 \ 2 | 1 \ 0
Field ZccSlowEn FltrCntrEn - DrvTmo[4:0]
Access Write, Read | Write, Read - Write, Read
Type
BITFIELD BITS DESCRIPTION DECODE
0: Zero-crossing comparator operates in normal
ZceSlowEn 7 Haptic driver zero-crossing comparator slow- | mode
down enable. 1: Slows down the zero-crossing comparator by 2X
for stronger antialiasing filtering
0: Zero-crossing measured using single
comparator/transition
1: Zero-crossing measured using an up/down
counter that samples (at 25.6MHz) the output of
the comparator for the whole duration of the
enabled window (wide, narrow, or braking). The
counter starts at zero (mid-code) and ends at a
positive or negative code depending on whether
FltrCntrEn 6 Haptic driver zero-crossing event capturing the average zero-crossing event occurs before or
filter enable. after than the expected time. The closer the zero-
crossing is on average to the expected time, the
closer to zero code returned at the end of the
window is. Phase error (in 25.6MHz period units)
can be calculated by dividing the resulting code at
the end of the window by 2. The usage of the up/
down counter enables filtering/noise rejection that
could otherwise cause a systematic shift in the
phase error detected.
Haptic driver vibration timeout.
If vibration timeout is reached, the haptic
driver is locked and disabled, HptTmolnt
DrvTmo 4:0 interrupt is issued and HptFlt is set to 1. Set
HptFltUnlock = 1 to allow a restart of the
haptic driver. LSB = 1s. Timeout is disabled if
DrvTmo[4:0] = "00000."
HPTCfgC (0x1D
BIT 7 6 \ 5 4 \ 3 \ 2 1 0
Field IniGss[7:0][7:0]
Access Write, Read
Type
BITFIELD BITS DESCRIPTION
. . . Haptic driver initial guess frequency.
IniGss[7:0] 7.0 Initial estimate for BEMF frequency = ((25.6MHz/64) / IniGss[11:0]).
HPTCfgD (0x1E)
BIT 7 6 5 4 3 \ 2 | 1 \ 0
Field - - - - IniGss[11:8][3:0]
Access - - - - Write, Read
Type
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BITFIELD BITS DESCRIPTION
. . . Haptic driver initial guess frequency.
IniGss[11:8] 30 Initial estimate for BEMF frequency = ((25.6MHz/64) / IniGss[11:0]).
HPTCfgE (0x1F)
BIT 7 6 5 4 3 \ 2 | 1 0
Field - - NarCntLck[5:0]
Access - - Write, Read
Type
BITFIELD BITS DESCRIPTION
Haptic driver number of consecutive sinewave half periods where the BEMF
NarCntLck 5:0 is detected and where the phase delay must fall within the narrow window
before detection window is reduced from wide to narrow.
HPTCfgF (0x20)
BIT 7 6 | 5 | 4 3 2 1 0
Field - NarLpGain[2:0] - WidLpGain[2:0]
Access _ Write, Read - Write, Read
Type
BITFIELD BITS DESCRIPTION DECODE
Haptic driver narrow window gain. 88(1) 1/2
Sets gain by which the phase delay found by 010j 1/4
the zero-crossing comparator is multiplied to 01 1: 18
NarLpGain 6:4 calculate the shift for the new sinewave half 100j 116
period with respect to the previously imposed 10 1: 1/32
sinewave. This value is used when the 110j 1/64
narrow window is active. 111 1128
Haptic driver wide window gain. 88? 1/2
Sets gain by which the phase delay found by 010j 1/4
the zero-crossing comparator is multiplied to 01 1j 18
WidLpGain 2:0 calculate the shift for the new sinewave half 100: 116
period with respect to the previously imposed 101j 1/32
sinewave. This value is used when the wide )
window is active 110:1/64
’ 111:1/128
HptAutoTune (0x22)
BIT 7 6 5 4 3 2 1 0
. AutoTuneG | AutoTuneR
Field - - - - - -
ood un
Access - - - - - - Read Only | Write, Read
Type
BITFIELD BITS DESCRIPTION DECODE
0: BEMF resonant frequency locking was not
AutoTuneGo 1 Haotic driver auto-tune procedure result achieved with the auto-tune procedure
od P P ’ 1: BEMF resonant frequency locking was achieved

with the auto-tune procedure
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BITFIELD BITS DESCRIPTION DECODE

Haptic driver auto-tune command.

Set AutoTuneRun to 1 to launch the auto-
0 tune procedure. AutoTuneRun is
automatically cleared to 0 once auto-tune
procedure is complete.

AutoTuneRu
n

BEMFPeriod0 (0x23)

BIT 7 | e 5 4 | 3 | 2 1 0
Field BEMFPeriod[7:0][7:0]
Access
Type Read Only
BITFIELD BITS DESCRIPTION

Haptic driver resonant frequency resolved by autotune function = ((25.6MHz /

BEMFPeriod[7:0] 7.0 64) / BEMFPeriod[11:0]).

BEMFPeriod1 (0x24)

BIT 7 6 5 4 3 \ 2 | 1 \ 0
Field - - - - BEMFPeriod[11:8][3:0]
Access
Type - - - - Read Only
BITFIELD BITS DESCRIPTION

Haptic driver resonant frequency resolved by autotune function = ((25.6MHz /

BEMFPeriod[11.8] 30 64) / BEMFPeriod[11:0]).

HptETRGOdAmp (0x30)

BIT 7 | s 5 | 4 | 3 | 2 1 | o

Field ETRGOdAmp[7:0]

Access Write, Read

Type

BITFIELD BITS DESCRIPTION

Haptic driver programmed output amplitude of the overdrive period as a

ETRGOdAmp 7:0 percentage of Vgg in ETRG mode. LSB = 0.78%VFs. Note that the MSB
represents the sign of the amplitude to be driven and must always be set to 0.

HptETRGOdDur (0x31)

BIT 7 | 6 5 4 \ 3 \ 2 1 0
Field ETRGOdDur[7:0]
Access Write, Read
Type
BITFIELD BITS DESCRIPTION
ETRGOdDur 7:0 Haptic driver duration of the overdrive period in ETRG mode. LSB = 5ms.
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BIT 7 | 6 4 \ 3 \ 2 | 1 \ 0
Field ETRGActAmp[7:0]
Access Write, Read
Type
BITFIELD BITS DESCRIPTION
Haptic driver programmed output amplitude of the normal drive period as a
ETRGActAmp 7:0 percentage of Vg in ETRG mode. LSB = 0.78%VFs. Note that the MSB
represents the sign of the amplitude to be driven and must always be set to 0.
HptETRGActDur (0x33)
BIT 7 | 6 4 \ 3 | 2 1 0
Field ETRGActDur[7:0]
Access Write, Read
Type
BITFIELD BITS DESCRIPTION
ETRGACctDur 7:0 Haptic driver duration of the normal drive period in ETRG mode. LSB = 10ms.
HptETRGBrkAmp (0x34)
BIT 7 | 6 4 \ 3 \ 2 1 0
Field ETRGBrkAmp([7:0]
Access Write, Read
Type
BITFIELD BITS DESCRIPTION
Haptic driver programmed output amplitude of the braking period is a
ETRGBrkAmp 7:0 percentage of Vg in ETRG mode. LSB = 0.78%VFs. Note that the MSB
represents the sign of the amplitude to be driven and must always be set to 1.
HptETRGBrkDur (0x35)
BIT 7 | 6 4 \ 3 | 2 1 0
Field ETRGBrkDur[7:0]
Access Write, Read
Type
BITFIELD BITS DESCRIPTION
Haptic driver duration of the braking period in ETRG mode is LSB = 5ms. If
. AutoBrkDis = 0, the automatic braking process is triggered with a maximum
ETRGBrkDur 70 braking time of ETRGBrkDur{7:0]. If AutoBrkDis = 1, ETRGBrkDur[7:0] must
be adjusted to achieve the desired optimal braking efficiency.
HptRAMAdd (0x40)
BIT 7 | 6 4 \ 3 | 2 1 \ 0
Field HptRAMAAdd[7:0]
Access Write, Read
Type
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BITFIELD BITS DESCRIPTION
HptRAMAdd 7:0 Haptic driver RAM address. The pattern sample is stored in these bits.
HptRAMDataH (0x41)
BIT 7 6 5 3 | 2 1 0
Field HptRAMDataH[7:0]
Access
Type
BITFIELD BITS DESCRIPTION DECODE
nLSx: Sets the behavior of a sample in the pattern.
00 = Current sample is the last sample in the
pattern
01 = Current sample is not the last sample in the
pattern
. . 10 = Interpolate current sample with next sample
Bits 7-6: nLSx _ . .
HptRAMData 7:0 Bit 5: AmpSign 11 = Current sample is the last sample in the

H

Bits 4-0: Amp[6:2]

pattern. Repeat the entire pattern RPTx[3:0] times
AmpSign: Sign of haptic amplitude in current
sample

0 = Positive

1 = Negative

Amp: Sets the amplitude of pattern sample x as a
7-bit percentage of Vg and a 1-bit direction.

HptRAMDataM (0x42)

M

Bit 0: Wait[4]

BIT 7 6 5 3 \ 2 1 0

Field HptRAMDataM[7:0]

Access

Type

BITFIELD BITS DESCRIPTION DECODE
Amp: Sets the amplitude of pattern sample x as a
7-bit percentage of Vg and a 1-bit direction.
Dur: Sets the duration of time the driver outputs the
amplitude of the current sample in increments of
5ms
00000 = Oms
00001 = 5ms
Bits 7-6: Amp[1:0] _
HptRAMData 7:0 Bits 5-1: Dur[4:0] 11110 = 150ms

11111 = 155ms

Wait: Sets the duration of time the driver waits at
zero amplitude before the next sample in
increments of 5ms

00000 = Oms

00001 = 5ms

11110 = 150ms
11111 = 155ms
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BIT 7 6 5 3 \ 2 | 1 \ 0
Field HptRAMDataL[7:0]
Access
Type
BITFIELD BITS DESCRIPTION DECODE
Wait: Sets the duration of time the driver waits at
zero amplitude before the next sample in
increments of 5ms
00000 = 0Oms
00001 = 5ms
11110 = 150ms
11111 = 155ms
HptRAMData . Bits 7-4: Wait[3:0] RPTXx: Sets the number of times to repeat .the
L 7:0 Bits 3-0: RPTX[3:0] sample before moving to the next sample in the
’ ’ pattern. If nLSx[1:0] = 11, this sets the number of
times to repeat the whole pattern.
0000 = Repeat 0 times. If nLSx = 00, automatic
braking is performed on this sample with a
maximum braking time equal to Wait[4:0].
0001 = Repeat 1 time
1110 = Repeat 14 times
1111 = Repeat 15 timesMAX20353Wearable
ADCEN (0x50)
BIT 7 6 5 3 2 1 0
Field _ _ _ _ _ _ ADCConvL
aunch
Access - - - - - - Write, Read
Type
BITFIELD BITS DESCRIPTION
ADC conversion launch command.
ADCConvLaunch 0 Set ADCConvLaunch = 1 to launch an ADC conversion. ADCConvLaunch is
automatically cleared to 0 once the conversion is complete.
ADCCfg (0x51)
BIT 7 6 5 4 \ 3 2 | 1 \ 0
Field - - ADCAVvgSiz[2:0] ADCSel[2:0]
Access - - Write, Read Write, Read
Type
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BITFIELD BITS DESCRIPTION DECODE
000: No averaging (1 measurement)
001: Average 2 measurements
. . 010: Average 4 measurements
ADC averaging size. ; 011: Average 8 measurements
ADCAvgSiz 5:3 ADC performs 2ADCAvgSiZ[2:0] consecutive : 9
100: Average 16 measurements
averaged measurements. :
101: Average 32 measurements
110: Average 64 measurements
111: Average 128 measurements
000: VHDIN
001: Viymon (use IVMONRatioConfig[1:0] = "00")
010: Reserved
ADCSel 2:0 ADC channel selection. 011: VCHGIN
100: VepouT
101: VesTouT
110: Reserved
111: Reserved
ADCDatAvg (0x53)
BIT 7 6 5 4 \ 3 \ 2 1 0
Field ADCAvg[7:0]
Access
Type Read Only
BITFIELD BITS DESCRIPTION
. ADC conversion average value.
ADCAvg 70 Contains the average value of the 2ADCAvgSiz[2:0] ADC measurements.
ADCDatMin (0x54)
BIT 7 6 5 4 \ 3 \ 2 1 0
Field ADCMIin[7:0]
Access
Type Read Only
BITFIELD BITS DESCRIPTION
ADCMin 7:0 ADC conversion minimum value. _
' Contains the minimum value among the 2ADCAvgSiz[2:0] ADC measurements.
ADCDatMax (0x55)
BIT 7 6 5 4 \ 3 \ 2 1 0
Field ADCMax[7:0]
Access
Type Read Only
BITFIELD BITS DESCRIPTION
ADC conversion maximum value. _
ADCMax 7:0 Contains the maximum value among the 2ADCAvgSiz[2:0] ADC
measurements.
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ADDRESS | NAME | msB | \ \ ] \ | LsB
PMIC Interrupts and Status
0x00 | ChiplD[7:0] ChipRev[7:0]
0x01 | Status0[7:0] - - ThmStat[2:0] ChgStat[2:0]
. . ChgJEIT | ChgJEIT
0x02 | Status1[7:0 - - ILim | UsbOVP | UsbOk s AReg | ChgTmo
_ ChgThm ThmLDO | UVLOLD | UVLOLD LSW1Tm | LSW2Tm
0x03 Status2[7:0 SD - LSW o2 o1 - o o
0x04 | Status3[7:0] BBsiFa“' H“’n?;tc Sysria“" Chﬁ’:]ys" ChgStep | ThmBk1 | ThmBk2 | ThmBk3
0x05 | Status4[7:0] BatGood Bag:ng BstFault - - - - -
_ ThmsStatl | ChgStatl . UsbOVPI ChgJEIT | ChgJEIT | ChgTmol
0x06 | Int0[7:0 . - ILimInt " UsbOkint | “4hint | ARegint ”
_ ChgThm ThmLDO | UVLOLD | UVLOLD LSW1Tm | LSW2Tm
007 | Int1[7:0 SDInt - _LSWint | O2int O1int - olnt olnt
, BBstFaul | HrvBatC | SysBatLi | ChgSysL | ChgStepl | ThmBk1l | ThmBk2l | ThmBk3l
0x08 Int2[7.0 tint mplnt mint imint nt nt nt nt
. BatGood | BatRegD | BstFaultl I12cCrcFa | 12cTmoln | HptStatin | ADCStatl
0x09 Int3[7:0 Int onelnt nt - ilint t t nt
OXOA IntMaskO/[7:0 ThmStatl | ChgStatl ILimintM UsbOVPI | UsbOkint | ChgJEIT if'l?geJElrl]'lt' ChgTmol
IntMask0[7.0] ntm ntM ntm M ASDIntM Mg ntm
ThmLDO
_ ChgThm UVLOLD | UVLOLD LSW1Tm | LSW2Tm
OB | IeiMask” 7.0 SDIntM - —"S,\\AN Nt} oomntm | O1intm - olntM | olntM
, BBstFaul | HrvBatC | SysBatLi | ChgSysL | ChgStepl | ThmBk1l | ThmBk2l | ThmBk3l
Ox0C | IntMask2[7:0 tntM | mpintM | mintM | imintM | ntM ntM ntM ntM
. BatGood | BatRegD | BstFaultl I12cCrcFa | 12cTmoln | HptStatin | ADCStatl
00D | IntMasks[7:.0 IntM | onelntM ntM - ilintm tM tM ntM
Charger
O0xOF ILIimCntl[7:0 SysMinVIt[2:0] ILimBlank[1:0] I ILimCntl[2:0]
0x10 | ChgCntl0[7:0] FrcPChg | ChgBatReChg[1:0] ChgBatReg[3:0] | chgEn
0x11 | ChaCntl1[7:0] BatPD VPChg[2:0] IPChg[1:0] IChgDone[1:0]
0x12 | ChaTmr{7:0] ChgAuto | ChoAuto |y o Trmr(1:0] FChgTmr[1:0] PChgTmr[1:0]
Stop ReSta
0x13 StepChgCfg0[7:0 - ChgStepHys[2:0] ChgStepRise[3:0]
0x14 StepChgCfg1[7:0 - - | - VSysUvlo[1:0] ChglStep[2:0]
0x15 ThmCfg0[7:0 - ChgThmEn[1:0] ChgCoolBatReg[1:0] ChgCoolFChg[2:0]
0x16 | ThmCfg1[7:0] - - - Cthoo";']BatRegm : ChgRoomIFChg[2:0]
0x17 | ThmCfg2[7:0] HrvThmEn[1:0] - Chgwar"(;']aatRegn : ChgWarmIFChg[2:0]
0x18 HrvCfg0[7:0 HrvBatSys[1:0] HrvBatReChg[1:0] HrvBatReg[3:0]
0x19 HrvCfg1[7:0] _ Hr\E)'iF:m Herarm?atRegH :0 HrvRooml?atReg[tO HrvCoolBatReg[1:0]
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ADDRESS | NAME | wmsB | ] \ | LsB
MON Mux
0x1A | IVMONCfg[7:0] - 'VMONR?g]OCMﬁg“ 'mel?go IVMONChI[3:0]
Buck1
0x1B Buck1Ena[7:0 Buck1Seq[2:0] - - - Buck1En[1:0]
oic |muoicgra | P | Goope | BukiFa | BuldPs | Bucdhc | Buktlo | Buddr | Buten
0x1D | Buck1Cfg1[7:0] - - ggg';;'\é't B“\?\'/‘IJAFP B(;‘:t'gi'sA - - -
Buck1IS
Ox1E Buck1lset[7:0 etLookU - - - Buck11Set[3:0]
pDis
Ox1F Buck1VSet[7:0 - - Buck1VSet[5:0]
o oz | Pt | e | By o T [ s | o | B
0x21 Buck1DvsCfg0[7:0 - - - Buck1DVSCfg[4:0]
0x22 Buck1DvsCfg1[7:0] - - Buck1DVSVIt0[5:0]
0x23 Buck1DvsCfg2[7:0] - - Buck1DVSVIt1[5:0]
0x24 Buck1DvsCfg3[7:0 - - Buck1DVSVIt2[5:0]
0x25 Buck1DvsCfg4[7:0 - - Buck1DVSVIt3[5:0]
0x26 Buck1DvsSpi[7:0 - - Buck1SPIVIt[5:0]
Buck2
0x27 Buck2Ena[7:0] Buck2Seq[2:0] - - - Buck2En[1:0]
b8 |muacounal | SiOER | Gooben | BUSFa | BucdPe | Buidhc | Bukilo | BuearE | Buctr
0x29 | Buck2Cfg1[7:0] - - %lé;c,lz(f,zf B“\‘;\';I\ZAFP Bc;JF‘;tszi'SA - - -
Buck2IS
0x2A Buck?Iset[7:0 etLookU - - - Buck2ISet[3:0]
pDis
0x2B Buck2VSet[7:0 - - Buck2VSet[5:0]
000 |mozcza | PV | B | S ouch [ Byl [ Buialt | sz | B
0x2D Buck2DvsCfg0[7:0 - - - Buck2DvsCfg[4:0]
0x2E Buck2DvsCfg1[7:0] - - Buck2DvsVIt0[5:0]
0x2F Buck2DvsCfg2[7:0 - - Buck2DvsVIt1[5:0]
0x30 Buck2DvsCfg3[7:0 - - Buck2DvsVIt2[5:0]
0x31 Buck2DvsCfg4[7:0 - - Buck2DvsVIt3[5:0]
0x32 Buck2DvsSpi[7:0 - - Buck2SPIVIt[5:0]
Buck3
0x34 | Buck3Ena[7:0] | Buck3Seq[2:0] _ - | - ] Buck3EN[10]

www.maximintegrated.com

Maxim Integrated | 118



MAX20360 PMIC with Ultra-Low I Regulators, Charger,
Fuel Gauge, and Haptic Driver for
Small Li+ System

ADDRESS NAME MSB LSB
Buck3En | BUSKSP | B ckaFa | Buck3Ps | Buck3Ac | Buck3lo | Buck3FE | Buck3En

:

O35 | Buck3Cig[Z.0, bINTGR GogDe” st vDsc tDsc WEMI | TScale | LxSns
Buck3Di | Buck3M | Buck3FP | Buck3IA
: — . — — —
0x36 | Buck3Cigl[7.0] sLDO | PCFast | WM dptDis
Buck3IS
0x37 Buck3lset[7:0 etLookU - - - Buck3ISet[3:0]
pDis
0x38 Buck3VSet[7:0 - - Buck3VSet[5:0]

. Buck3M | Buck3M | Buck3M | Buck3M | Buck3M | Buck3M | Buck3M | Buck3M
0x39 | BudksCul/.0 PC7 PC6 PC5 PC4 PC3 PC2 PC1 PCO
0x3A Buck3DvsCfg0[7:0] - - - Buck3DvsCfg[4:0]
0x3B Buck3DvsCfg1[7:0 - - Buck3DvsVIt0[5:0]
0x3C Buck3DvsCfg2[7:0 - - Buck3DvsVIt1[5:0]
0x3D Buck3DvsCfg3[7:0 - - Buck3DvsVIt2[5:0]

Ox3E | Buck3DvsCfg4[7:0] - - Buck3DvsVIt3[5:0]
Ox3F | Buck3DvsSpi[7:0] - - Buck3SPIVIt[5:0]
Buck-Boost
0x40 BBstEna[7:0 BBstSeq[2:0] - - - BBstEN[1:0]
BBstISet

) BBstLow | BBstAct | BBstRa | BBstMod | BBstPsv
0x41 BBstCfg[7:0 Looli(SUpD - - EMI Dsc mpEn e Disc
0x42 | BBstVSet[7:0] - - BBstVSet[5:0]
0x43 | BBstISet[7:0] BBstlPSet2[3:0] BBstlPSet1[3:0]

BBstMP
0x44 | BBstCfq1[7:0] - BBSUAdD | ppirast | BBSZCC | BBSIFET | cicoic | BBFHighshi1:0]
tDis mpDis Scale ntl

, BBstMP | BBstMP | BBstMP | BBstMP | BBstMP | BBstMP | BBstMP | BBstMP
Ox45 | BBSICO[7.0 c7 C6 c5 ca c3 c2 C1 Co
0x46 BBstCtr1[7:0 - - - BBstDvsCfg[4:0]
0x47 BBstDvsCfg0[7:0 - - BBstDvsVIt0[5:0]
0x48 | BBstDvsCfg1[7:0] - - BBstDvsVIt1[5:0]
0x49 | BBstDvsCfg2[7:0] - - BBstDvsVIt2[5:0]
0x4A BBstDvsCfg3[7:0 - - BBstDvsVIt3[5:0]
0x4B | BBstDvsSpi[7:0] - - BBstSPIVIt[5:0]

LDO1
0x51 LDO1Enal[7:0] LDO1Seq[2:0] - - - LDO1En[1:0]
LDO1_M | LDO1_M | LDO1Act | LDO1Mo | LDO1Ps

: _ _ _ _ _
0x52 | LDO1CIG[Z:0] PCOCNF | PCOCNT | Dsc de vDsc
0x53 | LDO1VSet[7:0] - - LDO1VSet[5:0]

_ LDO1MP | LDO1MP | LDO1MP | LDO1MP | LDO1MP | LDO1MP | LDO1MP | LDO1MP
Oxb4 | LDOICI 2.0 c7 C6 c5 C4 c3 c2 c1 Co

LDO2
0x55 \ LDO2Enal7:0] LDO2Seq[2:0] - - - LDO2En[1:0]
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ADDRESS NAME MSB LSB
0x56 LDO2Cfa[7-0 _ _ B _ LDO2Su | LDO2Act | LDO2Mo | LDO2Ps
LDO2Cfg[70] pply Dsc de vDsc
0x57 LDO2VSet[7:0 - - - LDO2VSet[4:0]
. LDO2MP | LDO2MP | LDO2MP | LDO2MP | LDO2MP | LDO2MP | LDO2MP | LDO2MP
0x88 | LDO2CHI7:0 c7 c6 cs c4 c3 c2 c1 co
Load Switch 1
0x59 LSW1Ena[7:0 LSW1Seq[2:0] - - - LSW1EnN[1:0]
OX5A LSW1CHg[7:0] _ _ _ _ B LSW1Act | LSW1Lo | LSW1Ps
Dsc wiq vDsc
. LSW1IM | LSW1IM | LSW1IM | LSW1M | LSWIM | LSW1IM | LSW1IM | LSW1M
0x58 | LSW1CHIZ.0 PC7 PC6 PC5 PC4 PC3 PC2 PC1 PCO
Load Switch 2
0x5C LSW2Ena[7:0 LSW2Seq[2:0] - - - LSW2En[1:0]
0x5D LSW2Cig[7:0] _ _ _ _ B LSW2Act | LSW2Lo | LSW2Ps
Dsc wiq vDsc
. LSW2M | LSW2M | LSW2M | LSW2M | LSW2M | LSW2M | LSW2M | LSW2M
OxSE | LSW2Ct[7:0 PC7 PC6 PC5 PC4 PC3 PC2 PC1 PCO
Charge Pump
Ox5F ChgPmpEna[7:0 ChgPmpSeq[2:0] - - - ChgPmpEn[1:0]
0x60 | ChgPmpCfa[7:0] - - - - - - cPvset | ChgPmp
Psv
0x61 ChaPmbCir(7:0 CHGPM | CHGPM | CHGPM | CHGPM | CHGPM | CHGPM | CHGPM | CHGPM
gPmp :
PMPC7 | PMPC6 | PMPC5 | PMPC4 | PMPC3 | PMPC2 | PMPC1 PMPCO
Boost
0x62 BoostEna[7:0 BoostSeq[2:0] - - - BstEn[1:0]
. BstPsvD | BstlAdpt | BstFastS | BStFETS
0x63 BoostCfg[7:0 - - - - sc En trt cale
BstlSetL
0x64 BoostISet[7:0 ookUpDi - - - BstlSet[3:0]
s
0x65 BoostVSet[7:0 - - BstVSet[5:0]
0x66 BoostCtr[7:0 BstMPC | BstMPC | BstMPC | BstMPC | BstMPC | BstMPC | BstMPC | BstMPC
EoostCli]7.0] 7 6 5 4 3 2 1 0
MPC Control
Ox67 MPCOCH[7:0 MPCORe _ B MPCOOu | MPCOO | MPCOHi | MPCORe | MPCOPu
MPCOCH[Z.0] ad t D ZB s p
0x68 MPC1Cfq[7:0] MPC1Re _ _ MPC10u | MPC10 | MPC1Hi | MPC1Re | MPC1Pu
ad t D ZB S p
0x69 MPC2Cfal7:0 MPC2Re _ B MPC20u | MPC20 | MPC2Hi | MPC2Re | MPC2Pu
MPC2LIGL0, ad t D ZB S p
OxBA MPC3Cial7:0 MPC3Re B B MPC30u | MPC30 | MPC3Hi | MPC3Re | MPC3Pu
MPCICIGIZO] ad t D ZB s p
Ox6B MPC4CIal7:0 MPC4Re _ B MPC40u | MPC40 | MPC4Hi | MPC4Re | MPC4Pu
MPCACH[7.0] ad t D ZB s p
0x6C MPC5Cfq[7:0] MPC5Re _ _ MPC50u | MPC50 | MPC5Hi | MPC5Re | MPC5Pu
ad t D ZB S p
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ADDRESS NAME MSB LSB

A — MPC6Re ~ ~ MPC60u | MPC60 | MPC6Hi | MPC6Re | MPC6Pu
MPCELIGLD, ad t D ZB S p

O6E | MPCTCHAT0 MPC7Re _ ~ MPC70u | MPC70 | MPC7Hi | MPC7Re | MPC7Pu
MPCLIGLZO] ad t D ZB s p

USBOKM BK3PgM | BK2PgM | BK1PgM

: p— p— p— p—

Ox6F | MPCIrSts[7:0] PCSts PCSts | PCSts | PCSts
BK1PGM | BK1MPC | BK1MPC | BK1MPC | BKIMPC | BKIMPC | BKIMPC | BKIMPC
.
0x70 | EK1DedIntCfo[7:0] PClnt 6Sel 5Sel 4Sel 3Sel 2Sel 1Sel 0Sel
BK2PGM | BK2MPC | BK2MPC | BK2MPC | BK2MPC | BK2MPC | BK2MPC | BK2MPC
BK2DedIntCfg[7:0]
071 | BK2DedIntCigl7.0 PCnt 6Sel 5Sel 4Sel 3Sel 2Sel 1Sel 0Sel
BK3PGM | BK3MPC | BK3MPC | BK3MPC | BK3MPC | BK3MPC | BK3MPC | BK3MPC
.
Ox72 | BK3DedIntCig[7.0] PCint 6Sel 5Sel 4Sel 3Sel 2Sel 1Sel 0Sel
HptStatD | HPTMP | HPTMP | HPTMP | HPTMP | HPTMP | HPTMP | HPTMP
HptDedIntCfg[7:0]
0x73 | HptDedIntCfg[7.0 edint C6Sel | C5Sel | C4Sel | C3Sel C2Sel | C1Sel COSel
ADCStat | ADCMP | ADCMP | ADCMP | ADCMP | ADcMP | ADCMP | ADCMP
.
Ox74 | ADCDedintCfo[7:0] MPCint | C6Sel | C5Sel | C4Sel | C3Sel | C2Sel | C1Sel | COSel
USBOKM | USBOKM | USBOKM | USBOKM | USBOKM | USBOKM | USBOKM | USBOKM
.
075 | USBOKDedIniCig[7.0] PCInt | PC6Sel | PC5Sel | PC4Sel | PC3Sel | PC2Sel | PC1Sel | PCOSel
LED Current Sinks
0x78 LEDCommon([7:0 LED_Bo - - LED_Open[2:0] LEDIStep[1:0]
ostLoop
0x79 | LEDORef[7:0] - - - - - [ - LEDO_REFSEL[1:0]
0X7A | LEDOCH{7:0] LEDOEN[2:0] LEDOISet[4:0]
0x7B | LED1CH[7:0] LED1EN[2:0] LED1ISet[4:0]
0x7C | LED2CHr[7:0] LED2En[2:0] LED2ISet[4:0]
Boot Behavior and PFNx status
0x7D | PEN[7:0] - | - 1 - 1 - - — | PFN2Pin | PFN1PIn
OX7E | BootCfg[7:0] PWIRStCfg[3:0] Sﬂ'zSth BootDIy[1:0] Chgr/;'WT
Power Commands and Lock Function
OX7F | PwrCfg[7:0] - | -1 - 1 -1 - 1 - | - | styon
0x80 PwrCmd[7:0 PwrCmd[7:0]
_ Bk2FrcD | Bk1FrcD | BK3DVS | Bk2DVS | Bk1DVS | Bk3Low | Bk2Low | Bk1Low
0x81 BuckCfgl7.0 CM CcM Cur Cur Cur BW BW BW
0x83 | LockMsk[7:0] LD2Lck | LD1Lck | BBLck | Bstlck | BK3Lck | BK2Lck | BK1iLck | Chglck
0x84 | LockUnlock[7:0] PASSWD[7:0]
SFOUT

0x86 | SFOUTCH[7:0] SFg;TV - - - - - SFOUTEN[1:0]

SFOUT | SFOUT | SFOUT | SFOUT | SFouT | sFouT | sFouT | sFout
.

0x87 | SFOUTMPC[7:0) MPC7 | MPC6 | MPC5 | MPC4 | MPC3 | MPC2 | MPC1 MPCO
OTP Readback

0x88 | 12C_OTP ADD[7:0] OTPDIG__ADD[7:0]

0x89 | 12C_OTP DAT][7:0] OTPDIG__DAT[7:0]
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Register Details

ChiplD (0x00)
BIT 7 | 6 5 4 \ 3 | 2 1 0
Field ChipRev[7:0]
Access
Type Read Only
BITFIELD BITS DESCRIPTION
. . ChipRevV[7:0] bits show information about the hardware revision of the
ChipRev 7:0 MAX20360.
Status0 (0x01)
BIT 7 6 5 \ 4 \ 3 2 | 1 \ 0
Field - - ThmStat[2:0] ChgStat[2:0]
Access
Type - - Read Only Read Only
BITFIELD BITS DESCRIPTION DECODE
000: Cold zone (VTHM_coLD < VTHM < VTHM_DIS)
001: Cool zone(VTum_cooL < VTHM <
VTHM_coLD)
010: Room zone (VTHM_WARM < VTHM <
VTHM_cooL)
011: Warm zone (VTHM_HOT <VTHM <
VTHM_WARM)
100: Hot zone (VTHmM < VTHM_HOT)
. . . 101: No thermistor detected (VTHMm > VTHM DIS)
ThmStat 53 Status of thermistor monitoring. 110: Thermistor monitoring disabled because
CHGIN input voltage is present and
ChgThmERN[1:0] = "00" or because CHGIN input
voltage is not present and ChgThmEn[1:0] =
HrvThmEn[1:0] = "00".
111: Thermistor monitoring disabled because
CHGIN input voltage is not present,
ChgThmEn[1:0] is not equal to "00" and
HrvThmEn[1:0] = "00".
000: Charger off
001: Charging suspended due to temperature (see
Figure 32, the Battery Charger-State Diagram)
010: Precharge in progress
. 011: Fast-charge constant current in progress
ChgStat 20 Status of charger 100: Fast-charge constant voltage in progress
101: Maintain charge in progress
110: Maintain charger timer done
111: Charger fault condition (see Figure 32, the
Battery Charger-State Diagram)
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BIT 7 6 5 4 3 2 1 0
Field - - ILim UsbOVP UsbOk Cthg'TAS CtheZ'TAR ChgTmo
?;::)::ss - - Read Only Read Only | Read Only Read Only Read Only Read Only

BITFIELD BITS DESCRIPTION DECODE
Status of CHGIN input current limit. . . -
ILim 5 Valid only when CHGIN input voltage is ?; g:g:: :2"3: 23:;22: Eﬁ:;’g;;:‘\jg
present and [UsbOVP,UsbOk] = "01". ’ P
UsbOVP 4 Status of CHGIN overvoltage protection 0: CHGIN overvoltage not detected
(OVP). 1: CHGIN overvoltage detected
0: CHGIN input voltage not present or outside of
UsbOk 3 Status of CHGIN input voltage. valid range
1: CHGIN input voltage present and valid
Status of battery charger shutdown due to
JEITA. . . .
ChgJEITASD 2 Valid only when CHGIN input voltage is (1); g:?z; gfgaigg dﬁzr?;aj'é’l%d'sab'ed
present, [UsbOVP,UsbOk] = "01" and charger | "~ 9
is enabled.
Status of battery charger current or voltage
ChaJEITARe reduction due to JEITA. 0: Charger operating normally or disabled.
9 1 Valid only when CHGIN input voltage is 1: Charger current or voltage being actively
9 present, [UsbOVP,UsbOk] = "01" and charger | reduced due to JEITA.
is enabled.
Status of charger time-out condition.
ChaTmo 0 Valid only when CHGIN input voltage is 0: Charger operating normally or disabled
9 present, [UsbOVP,UsbOk] = "01" and charger | 1: Charger has reached a time-out condition
is enabled.
Status2 (0x03

BIT 7 6 5 4 3 2 1 0
Field ChgThmSD - Thmé.\%O_L UVLOLDO2 | UVLOLDO1 - LSW1Tmo | LSW2Tmo
?;;:ss Read Only - Read Only | Read Only | Read Only - Read Only | Read Only

BITFIELD BITS DESCRIPTION DECODE
Status of input limiter and charger thermal
ChaThmSD 7 shutdown. 0: Input limiter and charger operating normally
9 Valid only when CHGIN input voltage is 1: Input limiter and charger in thermal shutdown
present.
ThmLDO_LS 5 Status of LDO1, LDO2, LSW1, LSW2 0: All the above blocks are operating normally
w Thermal Shutdown 1: One of the above blocks is in thermal shutdown
0: LDO2 operating normally
UVLOLDO2 4 Status of LDO2 UVLO 1 LDO2 UVLO active
0: LDO1 operating normally
UVLOLDO1 3 Status of LDO1 UVLO 1- LDO1 UVLO active
LSW1Tmo 1 LSW1 failed to startup during the timeout
period.
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BITFIELD BITS DESCRIPTION DECODE
LSW2Tmo 0 LSW2 failed to startup during the timeout
period.
Status3 (0x04
BIT 7 6 5 4 3 2 1 0
Field BBstFault | HrvBatCmp | SysBatLim | ChgSysLim ChgStep ThmBk1 ThmBk2 ThmBk3
%(,:;:ss Read Only Read Only Read Only Read Only Read Only Read Only Read Only Read Only
BITFIELD BITS DESCRIPTION DECODE
: 0: Buck-Boost operating normally
BBstFault 7 Status of Buck-Boost Fault 1- Buck-Boost under fault condition
Status of harvester BAT comparator. 3: VBAT < VHARV—BAJ _;Rtgisi’!)t h
HrvBatCmp 6 Valid only when harvester interaction is 1_H\';‘RV—EA\-;—RECHG Y (with
enabled when HrvEn=1. - VBAT HARV_BAT_REG Y
VHARV_BAT_RECHG hysteresis)
Status of charger regulation due to SYS 0: Charge current is not being actively reduced to
voltage. regulate V
SysBatLim 5 Valid only when CHGIN input voltage is 1_90har eizrsrent actively being reduced fo
present, [UsbOVP,UsbOk] = "01" and charger ré ulategV collapse y 9
is enabled. 9 sYs P
Status of input limiter regulation due to 0: Input limiter current is not being actively reduced
. CHGIN voltage. to regulate VcHaIN
ChgSysLim 4 Valid only when CHGIN input voltage is 1: Input limiter current is actively being reduced to
present and [UsbOVP,UsbOk] = "01". regulate VoygiN collapse
Status of charger step-charge current
reduction. 0: Charger step-charge current reduction not active
ChgStep 3 Valid only when CHGIN input voltage is 1: Charger step-charge current reduction active
present, [UsbOVP,UsbOk] = "01" and charger | "~ 9 P 9
is enabled.
ThmBk1 2 Status of Buck1 Thermal Shutdown 0- Buck1 operating normally
1: Buck1 in thermal shutdown
0: Buck2 operating normally
ThmBk2 1 Status of Buck2 Thermal Shutdown 1+ Buck? in thermal shutdown
0: Buck3 operating normally
ThmBk3 0 Status of Buck3 Thermal Shutdown 1+ Buck3 in thermal shutdown
Status4 (0x05
BIT 7 6 5 4 3 2 1 0
Field BatGood | D2e9%" | BstFault - - - - -
Access
Type Read Only Read Only Read Only - - - - -
BITFIELD BITS DESCRIPTION DECODE
Status of charger BatGood comparator. 0: VBAT < VBAT UVLO
BatGood 7 Valid only when CHGIN input voltage is 1: VBAT > VBAT_uvLo or CHGIN input voltage not
present and [UsbOVP,UsbOk] = "01". present
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BITFIELD BITS DESCRIPTION DECODE
Status of charger BAT voltage regulation.
Valid only when CHGIN input voltage is 0: VBaAT < VBAT REG
BatRegDone 6 present, [UsbOVP,UsbOK] = "01", chargeris | 1: VBT 2 VBAT REG
enabled and SysBatLim = 0.
0: Buck-Boost operating normally
BstFault 5 Status of Buck-Boost Fault 1+ Buck-Boost under fault condition
Int0 (0x06)

BIT 7 6 5 4 3 2 1 0
Field ThmStatint | ChgStatint |  ILimint | UsbOVPInt | UsbOkint Chg;ﬁ]'tTAS Chg:g':-lr'IAR ChgTmolnt
Access . . . . . . . .

Type Write, Read | Write, Read | Write, Read | Write, Read | Write, Read | Write, Read | Write, Read | Write, Read
BITFIELD BITS DESCRIPTION
ThmStatint 7 Change in ThmStat[2:0] caused an interrupt.
ChgStatint 6 Change in ChgStat[2:0] caused an interrupt.
ILimInt 5 Change in ILim caused an interrupt.
UsbOVPInt 4 Change in UsbOVP caused an interrupt.
UsbOkint 3 Change in UsbOk caused an interrupt.
ChgJEITASDInt 2 Change in ChgJEITASD caused an interrupt.
ChgJEITARegInt 1 Change in ChgJEITAReg caused an interrupt.
ChgTmolnt 0 Change in ChgTmo caused an interrupt.
Int1 (0x07)
BIT 7 6 5 4 3 2 1 0
. ChgThmSDI ThmLDO_L | UVLOLDO2 | UVLOLDO1 LSW1Tmol | LSW2Tmol
Field - -
nt SWint Int Int nt nt
%(,:;:ss Write, Read - Write, Read | Write, Read | Write, Read - Write, Read | Write, Read
BITFIELD BITS DESCRIPTION
ChgThmSDint 7 Change in ChgThmSD caused an interrupt.
ThmLDO_LSWint 5 Change in ThmLDO_LSW caused an interrupt.
UVLOLDO2Int 4 Change in UVLOLDO2 caused an interrupt.
UVLOLDO1Int 3 Change in UVLOLDO1 caused an interrupt.
LSW1Tmolnt 1 Change in LSW1Tmo caused an interrupt.
LSW2Tmolnt 0 Change in LSW2Tmo caused an interrupt.
Int2 (0x08)

BIT 7 6 5 4 3 2 1 0
Field BBstFaultint HWBf‘ttcmp' SySBri“"m' Chgsg'ts"'m' ChgStepint | ThmBk1int | ThmBk2int | ThmBk3Int
Access . . . . . . . .

Type Write, Read | Write, Read | Write, Read | Write, Read | Write, Read | Write, Read | Write, Read | Write, Read
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BITFIELD BITS DESCRIPTION
BBstFaultint 7 Change in BBstFault caused an interrupt.
HrvBatCmplnt 6 Change in HrvBatCmp caused an interrupt.
SysBatLimint 5 Change in SysBatLim caused an interrupt.
ChgSysLimint 4 Change in ChgSysLim caused an interrupt.
ChgSteplnt 3 Change in ChgStep caused an interrupt.
ThmBk1Int 2 Change in ThmBk1 caused an interrupt.
ThmBk2Int 1 Change in ThmBk2 caused an interrupt.
ThmBk3Int 0 Change in ThmBk3 caused an interrupt.

Int3 (0x09)

BIT 7 6 5 4 3 2 1 0
Field BatGoodInt Batr‘;‘i?tm” BstFaultint - 'ZCC“t’Fa'"” I2cTmolnt | HptStatint | ADCStatint
Access . . . . .

Type Write, Read | Write, Read | Write, Read - Write, Read | Write, Read | Read Only Read Only

BITFIELD BITS DESCRIPTION
BatGoodInt 7 Change in BatGood caused an interrupt.

BatRegDonelnt 6 Change in BatRegDone caused an interrupt.
BstFaultint 5 Change in BstFault caused an interrupt.
I12cCrcFailint 3 CRC Failure - I2C write not performed
I2C Watchdog Timer Expired due to 100ms bus inactivity between START
12cTmolnt 2 s
and STOP conditions.
Haptic driver general status interrupt. HptStatint is issued in case any other
HptStatint 1 L . L
haptic driver related interrupt is issued.
ADCStatint 0 ADC ge_neral sta_tu; interrupt. ADCStatInt is issued in case any other ADC
related interrupt is issued.
IntMaskO0 (0x0A)
BIT 7 6 5 4 3 2 1 0
. ThmStatint | ChgStatint . UsbOVPInt ChgJEITAS | ChgJEITAR | ChgTmoint
Field M M ILimIntM M UsbOKIntM DintM egintM M
Access . . . . . . . .
Type Write, Read | Write, Read | Write, Read | Write, Read | Write, Read | Write, Read | Write, Read | Write, Read
BITFIELD BITS DESCRIPTION DECODE
ThmStatintM masks the ThmStatint interrupt | 0: Masked
ThmStatintM 7 in the IntO register (0x06). 1: Not masked
ChgStatIntM masks the ChgStatint interrupt 0: Masked
ChgsStatintM 6 in the IntO register (0x06). 1: Not masked
ILimintM 5 ILimIntM masks the ILimInt interrupt in the 0: Masked
IntO register (0x06). 1: Not masked
UsbOVPIntM masks the UsbOVPInt interrupt | 0: Masked
UsbOVPIntM 4 in the Int0 register (0x06). 1: Not masked
UsbOkIntM masks the UsbOkint interrupt in 0: Masked
UsbOkIntM 3 the Int0 register (0x06). 1: Not masked
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BITFIELD BITS DESCRIPTION DECODE
ChgJEITASD 2 ChgJEITASDIntM masks the ChgJEITASDInt | 0: Masked
IntM interrupt in the IntO register (0x06). 1: Not masked
ChgJEITARegIntM masks the .
ChgJEITARe 1 ChgJEITARegInt interrupt in the IntO register Oj Masked
gintM 1: Not masked
(0x06).
ChgTmolntM masks the ChgTmolnt interrupt | 0: Masked
ChgTmolntM 0 in the Int0 register (0x06). 1: Not masked
IntMask1 (0x0B)
BIT 7 6 5 4 3 2 1 0
Field ChgThmSDI _ ThmLDO_L | UVLOLDO2 | UVLOLDO1 _ LSW1Tmol | LSW2Tmol
ntM SWintM IntM IntM ntM ntM
?;;:ss Write, Read - Write, Read | Write, Read | Write, Read - Write, Read | Write, Read
BITFIELD BITS DESCRIPTION DECODE
ChgThmSDIn 7 ChgThmSDIntM masks the ChgThmSDInt 0: Masked
tM interrupt in the Int1 register (0x07). 1: Not masked
ThmLDO_LSWIntM masks the .
ThmLDO_LS 5 ThmLDO_LSWiInt interrupt in the Int1 register 0: Masked
WIintM 1: Not masked
(0x07).
UVLOLDOZ2I 4 UVLOLDO2IntM masks the UVLOLDO2Int 0: Masked
ntM interrupt in the Int1 register (0x07). 1: Not masked
UVLOLDO1I 3 UVLOLDO1IntM masks the UVLOLDO1Int 0: Masked
ntM interrupt in the Int1 register (0x07). 1: Not masked
LSW1Tmolnt 1 LSW1TmolntM masks the LSW1Tmolnt 0: Masked
M interrupt in the Int1 register (0x07). 1: Not masked
LSW2Tmolnt 0 LSW2TmolntM masks the LSW2Tmolnt 0: Masked
M interrupt in the Int1 register (0x07). 1: Not masked
IntMask2 (0x0C)
BIT 7 6 5 4 3 2 1 0
Field BBstFaultint | HrvBatCmpl | SysBatLiml | ChgSysLiml | ChgStepint | ThmBk1Int | ThmBk2Int | ThmBk3Int
M ntM ntM ntM M M M M
Access . . . . . . . .
Type Write, Read | Write, Read | Write, Read | Write, Read | Write, Read | Write, Read | Write, Read | Write, Read
BITFIELD BITS DESCRIPTION DECODE
BBstFaultint 7 BBstFaultintM masks the BBstFaultint 0: Masked
M interrupt in the Int2 register (0x08). 1: Not masked
HrvBatCmplin 6 HrvBatCmpIntM masks the HrvBatCmplnt 0: Masked
tM interrupt in the Int2 register (0x08). 1: Not masked
SysBatLimInt 5 SysBatLimIntM masks the SysBatLimint 0: Masked
M interrupt in the Int2 register (0x08). 1: Not masked
ChgSysLimIn 4 ChgSysLimIntM masks the ChgSysLimInt 0: Masked
tM interrupt in the Int2 register (0x08). 1: Not masked
ChgStepIntM masks the ChgSteplnt interrupt | 0: Masked
ChgStepintM 3 in the Int2 register (0x08). 1: Not masked
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BITFIELD BITS DESCRIPTION DECODE
ThmBk1IntM masks the ThmBk1Int interrupt | 0: Masked
ThmBk1IntM 2 in the Int2 register (0x08). 1: Not masked
ThmBk2IntM masks the ThmBk2Int interrupt | 0: Masked
ThmBk2IntM 1 in the Int2 register (0x08). 1: Not masked
ThmBk3IntM masks the ThmBk3Int interrupt | 0: Masked
ThmBk3IntM 0 in the Int2 register (0x08). 1: Not masked
IntMask3 (0x0D)
BIT 7 6 5 4 3 2 1 0
. BatGoodInt | BatRegDon | BstFaultint 12cCrcFailln ADCStatInt
Field M eIntM M - tM I2cTmolntM | HptStatintM M
Access . . . . . . .
Type Write, Read | Write, Read | Write, Read - Write, Read | Write, Read | Write, Read | Write, Read
BITFIELD BITS DESCRIPTION DECODE
BatGoodIntM masks the BatGoodInt interrupt | 0: Masked
BatGoodintM 7 in the Int3 register (0x09). 1: Not masked
BatRegDonel 6 BatRegDonelntM masks the BatRegDonelnt | 0: Masked
ntM interrupt in the Int3 register (0x09). 1: Not masked
BstFaultintM masks the BstFaultint interrupt 0: Masked
BstFaultintM 5 in the Int3 register (0x09). 1: Not masked
12cCrcFaillnt 3 12CCRCFaillntM masks the I2CCRCFaillnt 0: Masked
M interrupt in the Int3 register (0x09). 1: Not masked
12cTmolntM 2 12CTmolntM masks the 12CTmolnt interrupt in | 0: Masked
the Int3 register (0x09). 1: Not masked
HptStatintM masks the HptStatint interrupt in | 0: Masked
HptStatintM 1 the Int3 register (0x09). 1: Not masked
ADCStatIintM masks the ADCStatint interrupt | 0: Masked
ADCStatintM 0 in the Int3 register (0x09). 1: Not masked
ILimCntl (0x0F)
BIT 7 | e | s 4 | 3 2 | 1 0
Field SysMinVIt[2:0] ILimBlank[1:0] ILimCntl[2:0]
Access Write, Read Write, Read Write, Read
Type
BITFIELD BITS DESCRIPTION DECODE
000: 3.6V
001: 3.7V
System (SYS) voltage minimum threshold. 81(1) ggx
SysMinVIt 7:5 SYS voltage below which charging current is 100j 4.0V
reduced to prevent Vgys from collapsing. 101: 4.1V
110: 4.2V
111: 4.3V
00: No debounce (allow a few clock cycles for
CHGIN input current limiter blanking time resampling)
ILimBlank 4:3 (during which the current is limited to 01: 0.5ms
ILIM MAX)- 10: 1.0ms
- 11: 10.0ms
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BITFIELD BITS DESCRIPTION DECODE
000: 50mA
001: 90mA
010: 150mA

. . . . 011: 200mA

ILimCntl 2:0 CHGIN programmable input current limit. 100- 300mA
101: 400mA
110: 450mA
111: 1000mA
ChgCntl0 (0x10)

BIT 7 6 ] 5 4 3 \ 2 | 1 0
Field FrcPChg ChgBatReChg[1:0] ChgBatReg[3:0] ChgEn
%(,:;:ss Write, Read Write, Read Write, Read Write, Read

BITFIELD BITS DESCRIPTION DECODE
FrePCh 7 Charger forced precharge mode. Valid only if | 0: Charger operating normally
9 ChgEn = 1. 1: Charger current is forced to precharge value
00: ChgBatReg[3:0] -70mV
ChgBatReCh 65 Charger recharge threshold in relation to 01: ChgBatReg[3:0] -120mV
g ’ ChgBatReg[3:0]. 10: ChgBatReg[3:0] -170mV
11: ChgBatReg[3:0] -220mV
0000: 4.05Vv
0001: 4.10V
0010: 4.15V
0011: 4.20V
0100: 4.25V
0101: 4.30V
0110: 4.35V
. . 0111: 4.40V
ChgBatReg 4:1 Charger battery regulation voltage. 1000: 4.45V
1001: 4.50V
1010: 4.55V
1011: 4.60V
1100: Reserved
1101: Reserved
1110: Reserved
1111: Reserved
ChaEn 0 Charger on/off control. 0: Charger disabled
9 Does not affect input limiter and SYS node. 1: Charger enabled
ChgCntl1 (0x11)

BIT 7 6 | 5 \ 4 3 | 2 1 \ 0
Field BatPD VPChg[2:0] IPChg[1:0] IChgDone[1:0]
?;::)::ss Write, Read Write, Read Write, Read Write, Read

BITFIELD BITS DESCRIPTION DECODE
BatPD 7 Pulldown resistor enable on BAT. 0: Pulldown resistor disabled

1: Pulldown resistor enabled
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BITFIELD BITS DESCRIPTION DECODE

000: 2.10V
001: 2.25V
010: 2.40V
011: 2.55V
100: 2.70V
101: 2.85V
110: 3.00V
111:3.15V

00: 0.05 x IrcHG
01:0.10 x IrFcHG

VPChg 6:4 Charger precharge voltage rising threshold.

IPChg 3:2 Charger precharge current. 10:0.20 X IFGHG
11: 0.30 X IFcHG
00: 0.05 x IrcHG
IChgDone 1:0 Charger charge-done current threshold 01:0.10x IFcHg
' ' 10: 0.20 X IFcHG
11:0.30 X IFcHG
ChgTmr (0x12
BIT 7 6 5 | a4 I 1 | o
Field Cth;tosm Chggg"Re MtChgTmr[1:0] FChgTmi{1:0] PChgTmr[1:0]
%(,:;:ss Write, Read | Write, Read Write, Read Write, Read Write, Read
BITFIELD BITS DESCRIPTION DECODE
Charger auto-stop control.
ChaAutoSto 7 Controls the transition from maintain-charge 0: Auto-stop disabled
9 P to maintain-charge done. See Figure 32, the 1: Auto-stop enabled
Battery Charger-State Diagram.
Charger auto-restart control 0: Charger remains in maintain-charge done even
ChgAutoReS 9 | when VgaT is less than recharge threshold.
6 See Figure 32, the Battery Charger-State . )
ta ) 1: Charger automatically restarts when Vgat drops
Diagram.
below recharge threshold.
00: Omin
MtChgTmr 5:4 Charger maintain-charge timer 01: 15min
9 ' 9 9 ' 10: 30min
11: 60min
00: 75min
) . 01: 150min
FChgTmr 3:2 Charger fast-charge timer. 10: 300min
11: 600min
00: 30min
. : 01: 60min
PChgTmr 1:0 Charger precharge timer. 10- 120min
11: 240min
StepChgCfg0 (0x13)
BIT 7 6 5 ] 4 3 2 | 1 ] 0
Field - ChgStepHys[2:0] ChgStepRise[3:0]
Access - Write, Read Write, Read
Type
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BITFIELD BITS

DESCRIPTION

DECODE

ChgStepHys 6:4

Charger step-charge voltage threshold

hysteresis.

000:
001:
010:
011:
100:
101:
110:
111:

100mV
200mV
300mV
400mV
500mV
600mV
Reserved
Reserved

ChgStepRise 3.0

Charger step-charge voltage rising threshold.

1110
1111

0000:
0001:
0010:
0011:
0100:
0101:
0110:
0111:
1000:
1001:
1010:
1011:
1100:
1101:

3.80V
3.85V
3.90V
3.95V
4.00vV
4.05V
410V
4.15V
4.20V
4.25V
4.30V
4.35V
4.40V
4.45V
1 4.50V
1 4.55V

StepChqCfqg1 (0x14)

BIT 7

4 \ 3

| 1+ | o

Field -

VSysUvlo[1:0]

ChglStep[2:0]

Access
Type

Write, Read

Write, Read

BITFIELD BITS

DESCRIPTION

DECODE

VSysUvlo 4:3

SYS UVLO falling voltage threshold selector.

00: 2
01:2

v
Re\Y)

10: 3.0V
11:3.2V

ChglStep 2.0

Charger step-charge current reduction.

Sets the modified fast-charge current once
ChgStepRise[3:0] threshold is exceeded. The
fast-charge current is the minimum of the
value set by ChglStep[2:0] and the applicable
charger current reduction related to

thermistor monitoring (see

ChgCoollFchg[2:0], ChgRoomIFchg[2:0],

ChgWarmlFchg[2:0]).

000:
001:
010:
011:
100:
101:
110:
111:

0.2 X IFcHG
0.3 x IFcHG
0.4 X IFcHG
0.5x IFcHG
0.6 X IFcHG
0.7 X IFcHG
0.8 X IFcHG
1.0 X IrcHG

ThmCfg0 (0x15)

BIT 7

6 ] 5

4 \ 3

1 ] 0

Field -

ChgThmEn[1:0]

ChgCoolBatReg[1:0]

ChgCoolFChg[2:0]

Access
Type

Write, Read

Write, Read

Write, Read
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BITFIELD BITS DESCRIPTION DECODE
00: Thermistor monitoring disabled
01: Thermistor monitoring permanently enabled
and charger enabled in the cool and room
Charger thermistor monitoring related control. ter_nperatu.re zones =~
. - . . 10: Thermistor monitoring permanently enabled
ChgThmEn 6:5 Valid only when CHGIN input voltage is .
and charger enabled in the room and warm
present.
temperature zones
11: Thermistor monitoring permanently enabled
and charger enabled in the cool, room, and warm
temperature zones
f;lzjircgtiecl;ncool zone battery regulation voltage 00: ChgBatReg[3:0] -150mV
ChgCoolBat 4:3 Sets the modified battery regulation voltage 013 CthatReg[SEO] -100mV
Reg . 10: ChgBatReg[3:0] -50mV
when the cool temperature zone is entered : :
. : o 11: ChgBatReg[3:0]
according to thermistor monitoring.
000: 0.2 X IrcHG
Charger cool zone fast-charge current 8?(1) 83 z :FCHG
ChgCoolFCh reduction. 011: 05 x g
9 2:0 Sets the modified fast-charge current when 100: 0-6 x IFCHG
9 the cool temperature zone is entered e FCHG
according to thermistor monitorin 101:0.7xIFcHG
9 9 110: 0.8 X IcHG
111: 1.0 X lIrcHG
ThmCfg1 (0x16)

BIT 7 6 5 4 \ 3 2 1 ] 0
Field - - - ChgRoomBatReg[1:0] ChgRoomlIFChg[2:0]
Access - - - Write, Read Write, Read
Type

BITFIELD BITS DESCRIPTION DECODE
g:jircgt?aornroom zone battery regulation voltage 00: ChgBatReg[3:0] -150mV
ChgRoomBat 4:3 Sets the modified battery regulation voltage 015 CthatReg[3EO] -100mV
Reg . 10: ChgBatReg[3:0] -50mV
when the room temperature zone is entered : :
} . o 11: ChgBatReg[3:0]
according to thermistor monitoring.
000: 0.2 x IFcHG
Charger room zone fast-charge current 8?8 82 i :FCHG
ChgRoomIF reduction. 011: 0.5 X Irang
2:0 Sets the modified fast-charge current when e FCHG
Chg : 100: 0.6 X IFcHG
the room temperature zone is entered )
according to thermistor monitorin 101:0.7xIFcHG
9 9 110: 0.8 X IEGHG
111: 1.0 X IFcHG
ThmCfg2 (0x17)

BIT 7 | 6 5 4 \ 3 2 1 \ 0
Field HrvThmEnN[1:0] - ChgWarmBatReg[1:0] ChgWarmlIFChg[2:0]
Access Write, Read - Write, Read Write, Read
Type
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BITFIELD BITS DESCRIPTION DECODE
00: Periodic thermistor monitoring disabled.
Periodic thermistor monitoring related control. | 01: Periodic thermistor monitoring enabled and
Valid when CHGIN input voltage is not harvester charging enabled in the cool and room
present and interaction with harvester is temperature zones.
HrvThmEn 7.6 enabled when HrvEn = 1. 10: Periodic thermistor monitoring enabled and
' If HrvThmER[1:0] is different from "00", harvester charging enabled in the room and warm
thermistor (VTHm) is periodically monitored by | temperature zones.
exploiting Fuel Gauge periodic 11: Periodic thermistor monitoring enabled and
measurements timing. harvester charging enabled in the cool, room, and
warm temperature zones.
f;lzjircgtiecl;nwarm zone battery regulation voltage 00: ChgBatReg[3:0] -150mV
ChgWarmBat 4:3 Sets the modified battery regulation voltage 015 CthatReg[SEO] -100mV
Reg . 10: ChgBatReg[3:0] -50mV
when the warm temperature zone is entered : :
. ) . 11: ChgBatReg[3:0]
according to thermistor monitoring.
000: 0.2 X IrcHG
Charger warm zone fast-charge current 8(1)(1) 83 z :FCHG
ChgWarmIF reduction. 011: 05 x g
9 2:0 Sets the modified fast-charge current when e FCHG
Chg ; 100: 0.6 X IFcHG
the warm temperature zone is entered )
according to thermistor monitoring 101:0.7xIFcHG
' 110: 0.8 X IFcHG
111: 1.0 X lIrcHG
HrvCfg0 (0x18)
BIT 7 | 6 5 ] 4 3 2 | 1 ] 0
Field HrvBatSys[1:0] HrvBatReChg[1:0] HrvBatReg[3:0]
Access Write, Read Write, Read Write, Read
Type
BITFIELD BITS DESCRIPTION DECODE
00: Direct-path (BAT-SYS FET fully on) forced
active
Harvester BAT-SYS FET control. 01: Direct-path active if VgaT < HrvBatReg[3:0]
Valid when CHGIN input voltage is not and ideal BAT-to-SYS diode active if VgaT >
present and interaction with harvester is HrvBatReg[3:0]. Once ideal diode has been
HrvBatSys 7:6 enabled when HrvEn = 1. If HrvEn = 0 and activated, an hysteresis equal to HrvBatReChg[1:0]
¥ ’ CHGIN input voltage is not present, the BAT- | is applied on HrvBatReg[3:0] threshold.
SYS FET is fully on (direct-path). If CHGIN 10: Ideal BAT-to-SYS diode (BAT-SYS FET
input voltage is present, the BAT-SYS FET is | controlled in order to allow current flowing from
controlled by the charger. BAT to SYS with a low drop and to not allow
current flowing from SYS to BAT) forced active
11: Reserved
00: HrvBatReg[3:0] -70mV
HrvBatReCh 54 Harvester recharge threshold in relation to 01: HrvBatReg[3:0] -120mV
g ’ HrvBatReg[3:0]. 10: HrvBatReg[3:0] -170mV
11: HrvBatReg[3:0] -220mV
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BITFIELD BITS DESCRIPTION DECODE
0000: 4.05V
0001: 4.10V
0010: 4.15V
0011: 4.20V
0100: 4.25V
0101: 4.30V
0110: 4.35V
. Harvester battery-regulation voltage 0111: 4.40V
HrvBatReg 30 threshold. 1000: 4.45V
1001: 4.50V
1010: 4.55V
1011: 4.60V
1100: Reserved
1101: Reserved
1110: Reserved
1111: Reserved
HrvCfg1 (0x19)

BIT 7 6 5 ] 4 3 \ 2 1 ] 0
Field - HrvThmDis HrvWarmBatReg[1:0] HrvRoomBatReg[1:0] HrvCoolBatReg[1:0]
%(,:;:ss - Write, Read Write, Read Write, Read Write, Read

BITFIELD BITS DESCRIPTION DECODE
Harvester charging disabled condition control.
Valid whgn CHG.IN lnput voltage 'S not 0: Harvester is disabled through the MPC6 output
present, interaction with harvester is enabled )
. _ PO and the BAT-SYS FET is controlled through
via HrvEn = 1, HrvThmER[1:0] is different .
: PP - HrvBatSys[1:0].
HrvThmDis 6 from "00" and the temperature is in a zone . . .
. D 1: Harvester is not disabled through the MPC6
where charging from harvester is inhibited. If ; ; . .
z . . output and ideal BAT-to-SYS diode is forced active
HrvEn = 1 and CHGIN input voltage is .
. regardless of HrvBatSys[1:0].

present, the harvester is permanently
disabled through the MPC6 output.
Harvester warm zone battery regulation
voltage threshold reduction. 00: HrvBatReg[3:0] -150mV

HrvWarmBat 54 Sets the modified harvester battery regulation | 01: HrvBatReg[3:0] -100mV

Reg ’ voltage threshold when the warm 10: HrvBatReg[3:0] -50mV
temperature zone is entered according to 11: HrvBatReg[3:0]
thermistor monitoring.
Harvester room zone battery regulation
voltage threshold reduction. 00: HrvBatReg[3:0] -150mV

HrvRoomBat 3- Sets the modified harvester battery regulation | 01: HrvBatReg[3:0] -100mV

Reg ’ voltage threshold when the room temperature | 10: HrvBatReg[3:0] -50mV
zone is entered according to thermistor 11: HrvBatReg[3:0]
monitoring.
Harvester cool zone battery regulation
voltage threshold reduction. 00: HrvBatReg[3:0] -150mV

HrvCoolBatR 10 Sets the modified harvester battery regulation | 01: HrvBatReg[3:0] -100mV

eg ’ voltage threshold when the cool temperature | 10: HrvBatReg[3:0] -50mV

zone is entered according to thermistor

monitoring.

11: HrvBatReg[3:0]
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IVMONCfg (0x1A)

BIT 7 6 \ 5 4 3 \ 2 | 1 \ 0

IVMONOffH
iz

Field - IVMONRatioConfig[1:0] IVMONCNI[3:0]

Access

Type
BITFIELD BITS DESCRIPTION DECODE

00: 1:1

IVMONRatio . . - " 01: 2:1

Config 6:5 IVMON multiplexer resistive partition selector. 10: 31

11: 4:1

IVMONOffHi IVMON multiplexer disabled condition. 0: IVMON s pulled low by a 59kQ (typ) resistor.

z Valid when IVMONCNtl = "0000". 1: IVMON is Hi-Z.

0000: IVMON multiplexer disabled.
0001: Charger current (buffered version of V|sgT).
0010: BAT

0011: SYS

0100: BK1OUT

0101: BK2OUT

0110: BK3OUT

0111: L1OUT

1000: L20UT

1001: SFOUT

1010: BBOUT

1011: Reserved

1100: Reserved

1101: Reserved

1110: Reserved

1111: Reserved

- Write, Read Write, Read Write, Read

IVMONCNtI 3.0 IVMON multiplexer input channel selector.

Buck1Ena (0x1B)
BIT 7 | 6 \ 5 4 3 2 1 \ 0
Field Buck1Seq[2:0] - - - Buck1En[1:0]

Access
Type

BITFIELD BITS DESCRIPTION DECODE

000: Disabled

001: Reserved

010: Enabled at 0% of Boot/POR Process Delay
Control

011: Enabled at 25% of Boot/POR Process Delay
Control

100: Enabled at 50% of Boot/POR Process Delay
Control

101: Reserved

110: Reserved

111: Controlled by Buck1En [1:0] after 100% of
Boot/POR Process Delay Control

Read Only - - - Write, Read

Buck1Seq 7:5 Buck1 Enable Configuration
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BITFIELD BITS DESCRIPTION DECODE
00: Disabled: BK1OUT not actively discharged
Buck1En 10 Buck1 Enable Configuration (effective only gr11ieéial-é?;g-Reset/Shutdown/Off mode

when Buck1Seq = 111)

10: Controlled by MPC__ (See Buck1MPC_ bits)
11: Reserved

Buck1Cfg0 (0x1C)

BIT 7 6 5 4 3 2 1 0
. Buck1integ | Buck1PGO Buck1PsvD | Buck1ActDs | Buck1LowE | Buck1FETS | Buck1EnLX
Field < Buck1Fast
Dis ODEnN sc c Mi cale Sns
%(,:;:ss Write, Read | Write, Read | Write, Read | Write, Read | Write, Read | Write, Read | Write, Read | Write, Read
BITFIELD BITS DESCRIPTION DECODE
Buck1IntegDi 7 Buck1 integrator feedback disable 0 Integrator e_nabled .
s 1: Integrator disabled—proportional control only
0: PGOOD comparator disabled during voltage
Buck1PGOO transition after startup
DEn 6 Buck1 PGOOD comparator control 1: PGOOD comparator enabled during voltage
transition after startup
0: Normal, low quiescent current operation
Buck1Fast 5 Buck1 pretrigger mode setting 1: Increased quiescent mode for fast load transient
response. Quiescent current increased to 30pA.
Buck1PsvDs 0: Buck1 passively discharged only in Hard-Reset
c 4 Buck1 passive discharge control 1: Buck1 passively discharged in Hard-Reset or
Enable Low.
0: Buck1 actively discharged only in Hard-Reset
Buck1ActDsc 3 Buck1 active discharge control 1: Buck1 actively discharged in Hard-Reset or
Enable Low
Buck1LowE 0: Normal operation
Ml 2 BuckT low EMI mode 1: Slow rise/fall edges on BK1LX by 3x
Buck1 Force FET Scaling
Buck1FETSc Reduce the FET size by a factor of two. Used | . per ¢ oaiing disabled
ale 1 to optimize the efficiency 1+ FET scaling enabled
when Buck11Set must be < 100mA (e.g., to ’ 9
mitigate noise at low frequencies).
Buck1 LX Sense Control 0: Enter frgewheellng mode after inductor current
Buck1EnLXS 0 Selects the condition to turn-on frewheelin Zero-crossing
ns 9 1: Enter freewheeling mode on V|_x high detection

FET. Keep it to O for Buck1Vset < 1.6V

after inductor current zero-crossing

Buck1Cfg1 (0x1D)

Fast

BIT 7 6 5 4 3 2 1 0
Field _ _ Buck1MPC | Buck1FPW | Buck1lAdpt _ _ _
2Fast M Dis
Access - - Write, Read | Write, Read | Write, Read - - -
Type
BITFIELD BITS DESCRIPTION DECODE
Buck1MPC2 5 Buck1 FAST mode by MPC2 control 0: Buck1 fast mode control by MPC2 disabled

1: Buck1 fast mode control by MPC2 enabled
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BITFIELD BITS DESCRIPTION DECODE
0: Normal operation
Buck1FPWM 4 Buck1 forced PWM mode control 1: Forced PWM mode enabled
Buck11AdptDi . 0: Adaptive peak current mode enabled
s 3 Buck™ adaptive peak current mode control 1: Peak current fixed at value set in Buck1ISet
Buck1lset (0x1E)
BIT 7 6 5 4 3 2 | 1 \ 0
. Buck1ISetL .
Field ookUpDis - - - Buck11Set[3:0]
Access Write, Read - - - Write, Read
Type
BITFIELD BITS DESCRIPTION DECODE
Buck1ISetLo , Buck1 Peak Current Set by Lookup Table S:F,T:blf:tor current setting is set according to look-
okUpDis Disable 1: Inductor current setting is set by Buck11Set
0000: OmA
0001: 25mA
0010: 50mA
0011: 75mA
0100: 100mA
Buck1 Inductor Peak Current Setting. 0101: 125mA
Valid only if Buck1ISetLookUpDis is high. 0110: 150mA
Buck1lSet 3:0 For the best efficiency, use between 150mA 0111: 175mA
’ and 200mA. Linear scale, 25mA increments, 1000: 200mA
settings below 75mA can be limited by the 1001: 225mA
minimum ton 1010: 250mA
1011: 275mA
1100: 300mA
1101: 325mA
1110: 350mA
1111: 375mA
Buck1VSet (0x1F)
BIT 7 6 5 4 3 \ 2 | 1 0
Field - - Buck1VSet[5:0]
Access - - Write, Read
Type
BITFIELD BITS DESCRIPTION
Buck1 Output Voltage Setting
0.55V to (63 x Bk1Step), linear scale, increments of Bk1Step.
e.g., for Bk1Step = 10mV:
Buck1VSet 5:0 000000 = 0.55V
000001 = 0.56V
111111 = 1.18V
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Buck1Ctr (0x20)
BIT 7 6 5 4 3 2 1 0
. Buck1MPC | Buck1MPC | Buck1MPC | Buck1MPC | Buck1MPC | Buck1MPC | Buck1MPC | Buck1MPC
Field
7 6 5 4 3 2 1 0
Access . . . . . . . .
Type Write, Read | Write, Read | Write, Read | Write, Read | Write, Read | Write, Read | Write, Read | Write, Read
BITFIELD BITS DESCRIPTION DECODE
Buck1 MPC7 Enable Control.
Only valid when Buck1Seq = 111 and .
Buck1MPC7 7 Buck1En = 10. If mutliple MPCs are selected, ‘1); Sﬂg'ﬂ gg;tcrgﬂgg";d,\%g"fm
Buck1 is controlled by the logical OR of the ’ y
MPCs
Buck1 MPC6 Enable Control.
Only valid when Buck1Seq = 111 and .
Buck1MPC6 6 Buck1En = 10. If mutliple MPCs are selected, (1); SEEE] zgafrgﬂgg':fd,\;’%é";%
Buck1 is controlled by the logical OR of the ’ y
MPCs
Buck1 MPC5 Enable Control.
Only valid when Buck1Seq = 111 and .
Buck1MPC5 5 Buck1En = 10. If mutliple MPCs are selected, ?; gﬂzﬂ gg;frgﬂgg':fd,\%g"spa’
Buck1 is controlled by the logical OR of the ’ y
MPCs
Buck1 MPC4 Enable Control.
Only valid when Buck1Seq = 111 and .
Buck1MPC4 4 Buck1En = 10. If mutliple MPCs are selected, ?j Sﬂgﬂ gg;t‘i‘c’)ﬁgg'fdhﬁé&m“
Buck1 is controlled by the logical OR of the ’ y
MPCs
Buck1 MPC3 Enable Control.
Only valid when Buck1Seq = 111 and .
Buck1MPC3 3 Buck1En = 10. If mutliple MPCs are selected, ‘1); Sﬂg'ﬂ gg;tcrgﬂggu;d“%yspcs
Buck1 is controlled by the logical OR of the ’ y
MPCs
Buck1 MPC2 Enable Control.
Only valid when Buck1Seq = 111 and .
Buck1MPC2 2 Buck1En = 10. If mutliple MPCs are selected, (1); SEEE] zgafrgﬂgg':fd,\;’%é";oz
Buck1 is controlled by the logical OR of the ’ y
MPCs
Buck1 MPC1 Enable Control.
Only valid when Buck1Seq = 111 and .
Buck1MPC1 1 Buck1En = 10. If mutliple MPCs are selected, ?; gﬂg:ﬂ gg;fr‘;ﬂgg'fd,\%y:g"1PC1
Buck1 is controlled by the logical OR of the ’ y
MPCs
Buck1 MPCO Enable Control.
Only valid when Buck1Seq = 111 and .
Buck1MPCO 0 Buck1En = 10. If mutliple MPCs are selected, ?j Sﬂgﬂ gg;tig“ggusdl\%gopco
Buck1 is controlled by the logical OR of the ’ y
MPCs
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BIT

7

5 4 \ 3 \ 2 | 1 \ 0

Field

- Buck1DVSCfg[4:0]

Access
Type

- Write, Read

BITFIELD

BITS

DESCRIPTION DECODE

Buck1DVSCf
9

4:0

00000: DVS Modes Disabled
00001: MPCO/MPC1
00010: MPCO/MPC2
00011: MPCO/MPC3
00100: MPCO/MPC4
00101: MPCO/MPC5
00110: MPCO/MPC6
00111: MPCO/MPC7
01000: MPC1/MPC2
01001: MPC1/MPC3
01010: MPC1/MPC4
01011: MPC1/MPC5
01100: MPC1/MPC6
01101: MPC1/MPC7
01110: MPC2/MPC3
01111: MPC2/MPC4
10000: MPC2/MPC5
10001: MPC2/MPC6
10010: MPC2/MPC7
10011: MPC3/MPC4
10100: MPC3/MPC5
10101: MPC3/MPC6
10110: MPC3/MPC7
10111: MPC4/MPC5
11000: MPC4/MPC6
11001: MPC4/MPC7
11010: MPC5/MPC6
11011: MPC5/MPC7
11100: MPC6/MPC7
11101: SPI Mode
>11101: RESERVED

Buck1DvsCfg1 (0x22)

BIT

7

5 4 3 | 2 | 1 0

Field

Buck1DVSVIt0[5:0]

Access
Type

Write, Read

BITFIELD

BITS

DESCRIPTION

Buck1DVSVIt0

5:0

Buck1 alternate output voltage setting 0 (Controlling MPCs = 00)
0.55V to (63 x Bk1Step), linear scale, increments of Bk1Step.
e.g., for Bk1Step = 10mV:

000000 = 0.55V

000001 = 0.56V

111111 =118V
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BIT 7 6 4 \ 3 \ 2 | 1 \ 0
Field - - Buck1DVSVIt1[5:0]
Access - - Write, Read
Type
BITFIELD BITS DESCRIPTION
Buck1 alternate output voltage setting 1 (Controlling MPCs = 01)
0.55V to (63 x Bk1Step), linear scale, increments of Bk1Step.
e.g., for Bk1Step = 10mV:
Buck1DVSViIt1 5:0 000000 = 0.55V
000001 = 0.56V
111111 = 1.18V
Buck1DvsCfqg3 (0x24)
BIT 7 6 4 3 | 2 | 1 0
Field - - Buck1DVSVIt2[5:0]
Access - - Write, Read
Type
BITFIELD BITS DESCRIPTION
Buck1 alternate output voltage setting 2 (Controlling MPCs = 10)
0.55V to (63 x Bk1Step), linear scale, increments of Bk1Step.
e.g., for Bk1Step = 10mV:
Buck1DVSVIt2 5:0 000000 = 0.55V
000001 = 0.56V
111111 = 1.18V
Buck1DvsCfg4 (0x25)
BIT 7 6 4 3 \ 2 | 1 0
Field - - Buck1DVSVIt3[5:0]
Access - - Write, Read
Type
BITFIELD BITS DESCRIPTION
Buck1 alternate output voltage setting 3 (Controlling MPCs = 11)
0.55V to (63 x Bk1Step), linear scale, increments of Bk1Step.
e.g., for Bk1Step = 10mV:
Buck1DVSVIt3 5:0 000000 = 0.55V
000001 = 0.56V
111111 = 1.18V
Buck1DvsSpi (0x26)
BIT 7 6 4 3 | 2 | 1 0
Field - - Buck1SPIVIt[5:0]
Access
Type - - Read Only
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BITFIELD BITS DESCRIPTION
Buck1 SPI DVS Readback
0.55V to (63 x Bk1Step), linear scale, increments of Bk1Step.
e.g., for Bk1Step = 10mV:
Buck1SPIVIt 5:0 000000 = 0.55V
000001 = 0.56V
111111 = 1.18V
Buck2Ena (0x27)

BIT 7 | e | s 4 3 2 1 | o
Field Buck2Seq[2:0] - - - Buck2En[1:0]
Access Read Only - - - Write, Read
Type

BITFIELD BITS DESCRIPTION DECODE
000: Disabled
001: Reserved
010: Enabled at 0% of Boot/POR Process Delay
Control
011: Enabled at 25% of Boot/POR Process Delay
. ) . Control
Buck2Seq [ Buck2 Enable Configuration 100: Enabled at 50% of Boot/POR Process Delay
Control
101: Reserved
110: Reserved
111: Controlled by Buck2En [1:0] after 100% of
Boot/POR Process Delay Control
00: Disabled: BK20OUT not actively discharged
. Buck2 Enable Configuration (effective only un!ess Hard-Reset/Shutdown/Off mode
Buck2En 1:0 when Buck2Seq = 111) 01: Enabled
q 10: Controlled by MPC_ (See Buck2MPC_ bits)
11: Reserved
Buck2Cfqg (0x28)
BIT 7 6 5 4 3 2 1 0
Field Buck2Enbl | Buck2PGO Buck2Fast Buck2PsvD | Buck2ActDs | Buck2LowE | Buck2FETS | Buck2EnLx
NTGR ODena sC c MI cale Sns
?;::)::ss Write, Read | Write, Read | Write, Read | Write, Read | Write, Read | Write, Read | Write, Read | Write, Read
BITFIELD BITS DESCRIPTION DECODE
Buck2EnbIN . . 0: Integrator enabled
TGR 7 Buck2 integrator feedback disable 1: Integrator disabled—proportional control only
0: PGOOD comparator disabled during voltage
Buck2PGOO transition after startup
Dena 6 Buck2 PGOOD comparator control 1: PGOOD comparator enabled during voltage
transition after startup
0: Normal, low quiescent current operation
Buck2Fast 5 Buck2 pretrigger mode setting 1: Increased quiescent mode for fast load transient

response. Quiescent current increased to 30pA.
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BITFIELD BITS DESCRIPTION DECODE
Buck2PsvDs 0: Buck2 passively discharged only in Hard-Reset
c 4 Buck2 passive discharge control 1: Buck2 passively discharged in Hard-Reset or
Enable Low.
0: Buck2 actively discharged only in Hard-Reset
Buck2ActDsc 3 Buck2 active discharge control 1: Buck?2 actively discharged in Hard-Reset or
Enable Low
Buck2LowE 0: Normal operation
M 2 Buck2 low EMI mode 1: Slow rise/fall edges on BK2LX by 3x
Buck2 FET Scaling Control.
Reduce the FET size by a factor of two. Used . . .
ZL;CKZFETSC 1 to optimize the efficiency when Buck1ISet ?j EE$ zgg::gg gf:tzlsg
must be < 100mA (e.g., to mitigate noise at ’ 9
low frequencies).
Buck? LX Sense Control 0: Enter frgewheellng mode after inductor current
Buck2EnLxS 0 Selects the condition to turn-on frewheelin Zero-crossing
ns 9 1: Enter freewheeling mode on V| x high detection

FET. Keep it to O for Buck2Vset < 1.6V

after inductor current zero-crossing

Buck2Cfg1 (0x29)

okUpDis

BIT 7 6 5 4 3 2 1 0
Field _ _ Buck2MPC | Buck2FPW | Buck2lAdpt _ _ _
Fast M Dis

Access - - Write, Read | Write, Read | Write, Read - - -
Type

BITFIELD BITS DESCRIPTION DECODE
Buck2MPCF 0: Buck2 FAST mode control by MPC3 disabled
ast S Buck2 FAST mode by MPC3 control 1: Buck2 FAST mode control by MPC3 enabled

0: Normal operation
Buck2FPWM 4 Buck2 forced PWM mode control 1: Forced PWM mode enabled
Buck2IAdptDi . 0: Adaptive peak current mode enabled
s 3 Buck2 adaptive peak current mode control 1: Peak current fixed at value set in Buck2ISet
Buck2lset (0x2A)
BIT 7 6 5 4 3 2 | 1 | o

. Buck2ISetL .
Field ookUpDis - - - Buck2ISet[3:0]
Access Write, Read - - - Write, Read
Type

BITFIELD BITS DESCRIPTION DECODE
Buck2ISetLo Buck2 peak current set by lookup table 0 Inductor current setting is set according to

7 lookup table

disabled

1: Inductor current setting is set by Buck2ISet
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BITFIELD BITS DESCRIPTION DECODE

0000: OmA
0001: 25mA
0010: 50mA
0011: 75mA
0100: 100mA
Buck2 Inductor Peak Current Setting. 0101: 125mA
Valid only if Buck2ISetLookUpDis is high. 0110: 150mA
For the best efficiency, use between 150mA 0111: 175mA
and 200mA. Linear scale, 25mA increments, | 1000: 200mA
settings below 75mA can be limited by the 1001: 225mA
minimum ton 1010: 250mA
1011: 275mA
1100: 300mA
1101: 325mA
1110: 350mA
1111: 375mA

Buck2ISet 3.0

Buck2VSet (0x2B)
BIT 7 6 5 4 3 \ 2 | 1 0
Field - - Buck2VSet[5:0]

Access
Type

- - Write, Read

BITFIELD BITS DESCRIPTION

Buck2 Output Voltage Setting

0.55V to (63 x Bk2Step), linear scale, increments of Bk2Step.
e.g., for Bk2Step = 25mV:

Buck2VSet 5:0 000000 = 0.55V

000001 = 0.575V

111111 = 2.125V

Buck2Ctr (0x2C)
BIT 7 6 5 4 3 2 1 0
. Buck2MPC | Buck2MPC | Buck2MPC | Buck2MPC | Buck2MPC | Buck2MPC | Buck2MPC | Buck2MPC
Field
7 6 5 4 3 2 1 0
Access . . . . . . . .
Type Write, Read | Write, Read | Write, Read | Write, Read | Write, Read | Write, Read | Write, Read | Write, Read
BITFIELD BITS DESCRIPTION DECODE
Buck2 MPC7 Enable Control.
Only valid when Buck2Seq = 111 and .
Buck2MPC7 7 Buck2En = 10. If multiple MPCs are selected, ?j Sﬂgg g‘;tn‘tfor;ltg(’j"gd &3;,'\0/'? c7
Buck2 is controlled by the logical OR of the ’ y
MPCs
Buck2 MPC6 Enable Control.
Only valid when Buck2Seq = 111 and .
Buck2MPC6 6 Buck2En = 10. If multiple MPCs are selected, ‘1); St‘jgg gg;tcrgﬂggu;d“%yspces
Buck2 is controlled by the logical OR of the ’ y
MPCs
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BITFIELD BITS DESCRIPTION DECODE
Buck2 MPCS5 Enable Control.
Only valid when Buck2Seq = 111 and .
Buck2MPC5 5 Buck2En = 10. If multiple MPCs are selected, ?j Sﬂgg gg;t‘i‘c’)ﬁgg'fdhﬁég’;%
Buck2 is controlled by the logical OR of the ’ y
MPCs
Buck2 MPC4 Enable Control.
Only valid when Buck2Seq = 111 and .
Buck2MPC4 4 Buck2En = 10. If multiple MPCs are selected, ‘1); St‘jgg gg;tcrgﬂgg";d,\%g’fc“
Buck2 is controlled by the logical OR of the ’ y
MPCs
Buck2 MPC3 Enable Control.
Only valid when Buck2Seq = 111 and .
Buck2MPC3 3 Buck2En = 10. If multiple MPCs are selected, (1); Sﬁgg zgafrgﬂgg':fd,\;’%é"spm
Buck2 is controlled by the logical OR of the ’ y
MPCs
Buck2 MPC2 Enable Control.
Only valid when Buck2Seq = 111 and .
Buck2MPC2 2 Buck2En = 10. If multiple MPCs are selected, ?; gﬂgg gg;frgﬁgg':fd,\%g"zpcz
Buck2 is controlled by the logical OR of the ’ y
MPCs
Buck2 MPC1 Enable Control.
Only valid when Buck2Seq = 111 and .
Buck2MPC1 1 Buck2En = 10. If multiple MPCs are selected, ?j Sﬂgg Eg;t‘i‘c’)“gg'fdhﬁéyfm
Buck2 is controlled by the logical OR of the ’ y
MPCs
Buck2 MPCO Enable Control.
Only valid when Buck2Seq = 111 and .
Buck2MPCO 0 Buck2En = 10. If multiple MPCs are selected, ‘1); St‘jgg gg;tcrgﬂggu;d“%yopco
Buck2 is controlled by the logical OR of the ’ y
MPCs
Buck2DvsCfg0 (0x2D)

BIT 7 6 5 4 3 2 | 1
Field - - - Buck2DvsCfg[4:0]
Access - - - Write, Read
Type
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BITFIELD BITS DESCRIPTION DECODE

00000: DVS Modes Disabled
00001: MPCO/MPC1
00010: MPCO/MPC2
00011: MPCO/MPC3
00100: MPCO/MPC4
00101: MPCO/MPC5
00110: MPCO/MPC6
00111: MPCO/MPC7
01000: MPC1/MPC2
01001: MPC1/MPC3
01010: MPC1/MPC4
01011: MPC1/MPC5
01100: MPC1/MPC6
01101: MPC1/MPC7
01110: MPC2/MPC3
Buck2DvsCfg 4:0 01111: MPC2/MPC4
10000: MPC2/MPC5
10001: MPC2/MPC6
10010: MPC2/MPC7
10011: MPC3/MPC4
10100: MPC3/MPC5
10101: MPC3/MPC6
10110: MPC3/MPC7
10111: MPC4/MPC5
11000: MPC4/MPC6
11001: MPC4/MPC7
11010: MPC5/MPC6
11011: MPC5/MPC7
11100: MPC6/MPC7
11101: SPI Mode
>11101: RESERVED

Buck2DvsCfg1 (0x2E)

BIT 7 6 5 4 S 0
Field . . Buck2DvsVIt0[5:0]
Access - - Write, Read
Type
BITFIELD BITS DESCRIPTION

Buck?2 alternate output voltage setting 0 (Controlling MPCs = 00)
0.55V to (63 x Bk2Step), linear scale, increments of Bk2Step.
e.g., for Bk2Step = 25mV:

Buck2DvsVIt0 5:0 000000 = 0.55V

000001 = 0.575V

111111 = 2.125V

Buck2DvsCfg2 (0x2F)

BIT 7 6 5 4 3 \ 2 | 1 0
Field - - Buck2DvsVIt1[5:0]
Access - - Write, Read
Type
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BITFIELD BITS DESCRIPTION
Buck2 alternate output voltage setting 1 (Controlling MPCs = 01)
0.55V to (63 x Bk2Step), linear scale, increments of Bk2Step.
e.g., for Bk2Step = 25mV:
Buck2DvsVIt1 5:0 000000 = 0.55V
000001 = 0.575V
111111 = 2125V
Buck2DvsCfg3 (0x30)
BIT 7 6 5 4 S 0
Field - - Buck2DvsVIt2[5:0]
Access - - Write, Read
Type
BITFIELD BITS DESCRIPTION
Buck?2 alternate output voltage setting 2 (Controlling MPCs = 10)
0.55V to (63 x Bk2Step), linear scale, increments of Bk2Step.
e.g., for Bk2Step = 25mV:
Buck2DvsVIt2 5:0 000000 = 0.55V
000001 = 0.575V
111111 = 2.125V
Buck2DvsCfg4 (0x31)
BIT 7 6 5 4 3 \ 2 | 1 0
Field - - Buck2DvsVIt3[5:0]
Access - - Write, Read
Type
BITFIELD BITS DESCRIPTION
Buck2 alternate output voltage setting 3 (Controlling MPCs = 11)
0.55V to (63 x Bk2Step), linear scale, increments of Bk2Step.
e.g., for Bk2Step = 25mV:
Buck2DvsVIt3 5:0 000000 = 0.55V
000001 = 0.575V
111111 = 2125V
Buck2DvsSpi (0x32)
BIT 7 6 5 4 S 0
Field - - Buck2SPIVIt[5:0]
Access
Type - - Read Only
BITFIELD BITS DESCRIPTION
Buck2 SPI DVS Readback.
0.55V to (63 x Bk2Step), linear scale, increments of Bk2Step.
e.g., for Bk2Step = 25mV:
Buck2SPIVIt 5:0 000000 = 0.550V

000001 = 0.525V

111111 = 2.125V
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BIT 7 | 6 \ 5 4 3 2 1 \ 0
Field Buck3Seq[2:0] - - - Buck3En[1:0]
Access Read Only - - - Write, Read
Type

BITFIELD BITS DESCRIPTION DECODE

000: Disabled
001: Reserved
010: Enabled at 0% of Boot/POR process delay
control
011: Enabled at 25% of Boot/POR process delay

. ) . control

Buck3Seq [ Buck3 enable configuration 100: Enabled at 50% of Boot/POR process delay
control
101: Reserved
110: Reserved
111: Controlled by Buck3En [1:0] after 100% of
Boot/POR process delay control
00: Disabled: BK1OUT not actively discharged
) . . unless Hard-Reset/Shutdown/Off mode
. Buck3 enable configuration (effective only .
Buck3En 1:0 when Buck3Seq = 111) 01: Enabled
q 10: Controlled by MPC_ (See Buck3MPC _ bits)
11: Reserved
Buck3Cfg (0x35)
BIT 7 6 5 4 3 2 1 0
Field Buck3Enbl | Buck3PGO Buck3Fast Buck3PsvD | Buck3ActDs | Buck3LowE | Buck3FETS | Buck3EnLx
NTGR ODena sC c MI cale Sns
?;;:ss Write, Read | Write, Read | Write, Read | Write, Read | Write, Read | Write, Read | Write, Read | Write, Read
BITFIELD BITS DESCRIPTION DECODE
Buck3EnbIN . . 0: Integrator enabled
TGR 7 Bucks3 integrator feedback disable 1: Integrator disabled—proportional control only
0: PGOOD comparator disabled during voltage
Buck3PGOO transition after startup
Dena 6 Buck3 PGOOD Comparator Control 1: PGOOD comparator enabled during voltage
transition after startup
0: Normal, low quiescent current operation
Buck3Fast 5 Buck3 pretrigger mode setting 1: Increased quiescent mode for fast load transient
response. Quiescent current increased to 30pA.
Buck3PsvDs 0: Buck3 passively discharged only in Hard-Reset
c 4 Buck3 Passive Discharge Control 1: Buck3 passively discharged in Hard-Reset or
Enable Low.
0: Buck3 actively discharged only in Hard-Reset
Buck3ActDsc 3 Buck3 Active Discharge Control 1: Buck3 actively discharged in Hard-Reset or
Enable Low
Buck3LowE 0: Normal operation
MI 2 Buck3 Low EMI Mode 1: Slow rise/fall edges on BK3LX by 3x
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BITFIELD BITS DESCRIPTION DECODE
Buck3 Force FET Scaling
Reduce the FET size by a factor of two. Used | .. . .
SIL;CksFETSC 1 to optimize the efficiency when Buck1ISet ?j EE$ zg:::zg 2::&':3
must be < 100mA (e.g., to mitigate noise at ’ 9
low frequencies).
Buck3 LX Sense Control 0: Enter frgewheeling mode after inductor current
Buck3EnLxS 0 Selects the condition to turn-on frewheelin Zero-crossing
ns 9 1: Enter freewheeling mode on V|_x high detection

FET. Keep it to O for Buck3Vset < 1.6V

after inductor current zero-crossing

Buck3Cfg1 (0x36)

okUpDis

BIT 7 6 5 4 3 2 1 0
Field _ Buck3DisLD | Buck3MPC | Buck3FPW | Buck3IAdpt _ _ _
(0] Fast M Dis

Access - Write, Read | Write, Read | Write, Read | Write, Read - - -
Type

BITFIELD BITS DESCRIPTION DECODE

. 0: Enable low dropout mode with LDO at low buck
(B)uck3D|sLD 6 LDO mode control ratios
1: Disable LDO mode at low buck ratios
Buck3MPCF 0: Buck3 FAST mode control by MPC4 disabled
ast S Buck3 FAST mode by MPC4 control 1: Buck3 FAST mode control by MPC4 enabled
0: Normal operation
Buck3FPWM 4 Buck3 forced PWM mode control 1: Forced PWM mode enabled
Buck3IAdptDi . 0: Adaptive peak current mode enabled
s 3 Buck3 adaptive peak current mode control 1: Peak current fixed at value set in Buck3ISet
Buck3lset (0x37)
BIT 7 6 5 4 3 2 | 1 | o

. Buck3ISetL .
Field ookUpDis - - - Buck3I1Set[3:0]
Access Write, Read - - - Write, Read
Type

BITFIELD BITS DESCRIPTION DECODE
Buck3ISetLo Buck3 peak current set by lookup table 0 Inductor current setting is set according to

7 lookup table

disabled

1: Inductor current setting is set by Buck31Set
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BITFIELD BITS DESCRIPTION DECODE
0000: OmA
0001: 25mA
0010: 50mA
0011: 75mA
0100: 100mA
Buck3 Inductor Peak Current Setting. 0101: 125mA
Valid only if Buck3ISetLookUpDis is high. 0110: 150mA
Buck3ISet 3:0 For the best efficiency, use between 150mA 0111: 175mA
’ and 200mA. Linear scale, 25mA increments, | 1000: 200mA
settings below 75mA can be limited by the 1001: 225mA
minimum ton 1010: 250mA
1011: 275mA
1100: 300mA
1101: 325mA
1110: 350mA
1111: 375mA
Buck3VSet (0x38)
BIT 7 6 5 4 3 \ 2 1 0
Field - - Buck3VSet[5:0]
Access - - Write, Read
Type
BITFIELD BITS DESCRIPTION
Buck3 Output Voltage Setting.
0.55V to (63 x Bk3Step), linear scale, increments of Bk3Step.
e.g., for Bk3Step = 50mV:
Buck3VSet 5:0 000000 = 0.55V
000001 = 0.6V
111111 = 3.7V
Buck3Ctr (0x39)
BIT 7 6 5 4 3 2 1 0
. Buck3MPC | Buck3MPC | Buck3MPC | Buck3MPC | Buck3MPC | Buck3MPC | Buck3MPC | Buck3MPC
Field
7 6 5 4 3 2 1 0
Access . . . . . . . .
Type Write, Read | Write, Read | Write, Read | Write, Read | Write, Read | Write, Read | Write, Read | Write, Read
BITFIELD BITS DESCRIPTION DECODE
Buck3 MPC7 Enable Control.
Only valid when Buck3Seq = 111 and .
Buck3MPC7 7 Buck3En = 10. If mutliple MPCs are selected, ?j Sﬂgg gg;t‘igﬁ;rg"tfdh%g'fm
Buck3 is controlled by the logical OR of the : y
MPCs
Buck3 MPC6 Enable Control.
Only valid when Buck3Seq = 111 and .
Buck3MPC6 6 Buck3En = 10. If mutliple MPCs are selected, ‘1); St‘jg::g gg;tcrgﬂggu;d“%yspces
Buck3 is controlled by the logical OR of the ’ y
MPCs
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BITFIELD BITS DESCRIPTION DECODE
Buck3 MPC5 Enable Control.
Only valid when Buck3Seq = 111 and .
Buck3MPC5 5 Buck3En = 10. If mutliple MPCs are selected, ?j Sﬂgg gg;t‘i‘c’)ﬁgg'fdhﬁég’;%
Buck3 is controlled by the logical OR of the : y
MPCs
Buck3 MPC4 Enable Control.
Only valid when Buck3Seq = 111 and .
Buck3MPC4 4 Buck3En = 10. If mutliple MPCs are selected, ‘1); St‘jg::g gg;tcrgﬂgg";d,\%g’fc“
Buck3 is controlled by the logical OR of the ’ y
MPCs
Buck3 MPC3 Enable Control.
Only valid when Buck3Seq = 111 and .
Buck3MPC3 3 Buck3En = 10. If mutliple MPCs are selected, (1); 332‘8 zgafrgﬂgg':fd,\%é"spm
Buck3 is controlled by the logical OR of the ’ y
MPCs
Buck3 MPC2 Enable Control.
Only valid when Buck3Seq = 111 and .
Buck3MPC2 2 Buck3En = 10. If mutliple MPCs are selected, ?; gﬂg:g gg;frgﬁgg':fd,\%g"zpcz
Buck3 is controlled by the logical OR of the ’ y
MPCs
Buck3 MPC1 Enable Control.
Only valid when Buck3Seq = 111 and .
Buck3MPC1 1 Buck3En = 10. If mutliple MPCs are selected, ?j Sﬂgg Eg;t‘i‘c’)“gg'fdhﬁéyfm
Buck3 is controlled by the logical OR of the : y
MPCs
Buck3 MPCO Enable Control.
Only valid when Buck3Seq = 111 and .
Buck3MPCO 0 Buck3En = 10. If mutliple MPCs are selected, ‘1); St‘jg::g gg;tcrgﬂggu;d“%yopco
Buck3 is controlled by the logical OR of the ’ y
MPCs
Buck3DvsCfg0 (0x3A)

BIT 7 6 5 4 3 2 | 1
Field - - - Buck3DvsCfg[4:0]
Access - - - Write, Read
Type
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BITFIELD BITS DESCRIPTION DECODE

00000: DVS modes disabled
00001: MPCO/MPC1
00010: MPCO/MPC2
00011: MPCO/MPC3
00100: MPCO/MPC4
00101: MPCO/MPC5
00110: MPCO/MPC6
00111: MPCO/MPC7
01000: MPC1/MPC2
01001: MPC1/MPC3
01010: MPC1/MPC4
01011: MPC1/MPC5
01100: MPC1/MPC6
01101: MPC1/MPC7
01110: MPC2/MPC3
Buck3DvsCfg 4:0 01111: MPC2/MPC4
10000: MPC2/MPC5
10001: MPC2/MPC6
10010: MPC2/MPC7
10011: MPC3/MPC4
10100: MPC3/MPC5
10101: MPC3/MPC6
10110: MPC3/MPC7
10111: MPC4/MPC5
11000: MPC4/MPC6
11001: MPC4/MPC7
11010: MPC5/MPC6
11011: MPC5/MPC7
11100: MPC6/MPC7
11101: SPI Mode
>11101: RESERVED

Buck3DvsCfg1 (0x3B)

BIT 7 6 5 4 S 0
Field . . Buck3DvsVIt0[5:0]
Access - - Write, Read
Type
BITFIELD BITS DESCRIPTION

Buck3 alternate output voltage setting 0 (Controlling MPCs = 00)
0.55V to (63 x Bk3Step), linear scale, increments of Bk3Step.
e.g., for Bk3Step = 50mV:

Buck3DvsVIt0 5:0 000000 = 0.55V

000001 = 0.6V

111111 =3.7V

Buck3DvsCfg2 (0x3C)

BIT 7 6 5 4 3 \ 2 | 1 0
Field - - Buck3DvsVIt1[5:0]
Access - - Write, Read
Type

www.maximintegrated.com Maxim Integrated | 151



MAX20360 PMIC with Ultra-Low I Regulators, Charger,
Fuel Gauge, and Haptic Driver for
Small Li+ System

BITFIELD BITS DESCRIPTION

Buck3 alternate output voltage setting 1 (Controlling MPCs = 01)
0.55V to (63 x Bk3Step), linear scale, increments of Bk3Step.
e.g., for Bk3Step = 50mV:

Buck3DvsVIt1 5:0 000000 = 0.55V

000001 = 0.6V

111111 =37V

Buck3DvsCfqg3 (0x3D)

BIT 7 6 5 4 S 0
Field . . Buck3DvsVIt2[5:0]
Access - - Write, Read
Type
BITFIELD BITS DESCRIPTION

Buck3 alternate output voltage setting 2 (Controlling MPCs = 10)
0.55V to (63 x Bk3Step), linear scale, increments of Bk3Step.
e.g., for Bk3Step = 50mV:

Buck3DvsVIt2 5:0 000000 = 0.55V

000001 = 0.6V

111111 =3.7V

Buck3DvsCfg4 (0x3E)

BIT 7 6 5 4 3 \ 2 | 1 0
Field - - Buck3DvsVIt3[5:0]
Access - - Write, Read
Type
BITFIELD BITS DESCRIPTION

Buck3 alternate output voltage setting 3 (Controlling MPCs = 11)
0.55V to (63 x Bk3Step), linear scale, increments of Bk3Step.
e.g., for Bk3Step = 50mV:

Buck3DvsVIt3 5:0 000000 = 0.55V

000001 = 0.6V

111111 =37V

Buck3DvsSpi (0x3F)

BIT 7 6 5 4 S 0
Field - - Buck3SPIVIt[5:0]
Access
Type - - Read Only
BITFIELD BITS DESCRIPTION

Buck3 SPI DVS Readback.

0.55V to (63 x Bk3Step), linear scale, increments of Bk3Step.
e.g., for Bk3Step = 50mV:

Buck3SPIVIt 5:0 000000 = 0.55V

000001 = 0.6V

111111 =3.7V
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BIT 7 | 6 \ 4 3 2 1 \ 0
Field BBstSeq[2:0] - - - BBstEN[1:0]
Access Read Only - - - Write, Read
Type

BITFIELD BITS DESCRIPTION DECODE

000: Disabled
001: Reserved
010: Enabled at 0% of Boot/POR process delay
control
011: Enabled at 25% of Boot/POR process delay

. ) . control

BBstSeq 7:5 Buck-Boost enable configuration 100: Enabled at 50% of Boot/POR process delay
control
101: Reserved
110: Reserved
111: Controlled by BBstEn[1:0] after 100% of Boot/
POR process delay control
00: Disabled: BBOUT not actively discharged
) . . unless Hard-Reset/Shutdown/Off mode
. Buck-Boost enable configuration (effective .
BBstEn 1:0 only when BBstSeq = 111) 01: Enabled
y q 10: Controlled by MPC_ (See BBstMPC_ bits)
11: Reserved
BBstCfg (0x41
BIT 7 6 4 3 2 1 0
Field BBstISet_Lo _ BBstLowEM BBstActDsc BBstRampE BBstMode BBstPsvDis
okUpDis | n c
?;;:ss Write, Read - Write, Read | Write, Read | Write, Read | Write, Read | Write, Read
BITFIELD BITS DESCRIPTION DECODE
0: Inductor current setting is set according to look-
BBstlSetLook 7 Buck-Boost peak current set by lookup table | up table
UpDis disable 1: Inductor current setting is set by BBstIPSet2 and
BBstIPSet1
0: Normal operation
BBstLowEMI 4 Buck-Boost low EMI mode 1: Slow rise/fall edges on HVLX/LVLX by 3x
0: Buck-Boost actively discharged only in Hard-
. . Reset
BBstActDsc 3 Buck-Boost active discharge control 1: Buck-Boost actively discharged in Hard-Reset o
Enable Low
0: Voltage setting transition is performed without
intermediate steps
BBstRampEn 2 Buck-Boost ramp enable 1: Voltage setting transition to a higher value is
performed with incremental steps every 20us
. 0: Buck-Boost
BBstMode 1 Buck-Boost operating mode 1: Buck Only
0: Buck-Boost passively discharged only in Hard-
. . . Reset
BBstPsvDisc 0 Buck-Boost passive discharge control 1: Buck-Boost passively discharged in Hard-Reset
or Enable Low.
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BIT 7 6 5 4 \ 3 \ 2 | 1 \ 0

Field - - BBstVSet[5:0]

Access - - Write, Read

Type

BITFIELD BITS DESCRIPTION
Buck-Boost Output Voltage Setting.
2.5V to 5.5V, Linear Scale, 50mV increments, codes below 000010 can
interfere with VggouT uvLo and are not guaranteed
. 000000 = 2.5V -

BBstvSet 5:0 000001 = 2.55V
111100 = 5.5V
>111100 = N/A

BBstlISet (0x43)

BIT 7 6 \ 5 \ 4 3 2 | 1 \ 0
Field BBstIPSet2[3:0] BBstIPSet1[3:0]
Access Write, Read Write, Read
Type

BITFIELD BITS DESCRIPTION DECODE
0000: BBstIPSet1 + OmA
Buck-Boost nominal maximum peak current 0001: BBstIPSet1 + 25mA
setting. 0010: BBstIPSet1 + 50mA
Valid only if BBstlSetLookUpDis is high. 0011: BBstIPSet1 + 75mA
See Buck-Boost Regulator section for a 0100: BBstIPSet1 + 100mA
description of the peak current settings. OmA | 0101: BBstIPSet1 + 125mA
to 375mA, linear scale, 25mA increments, 0110: BBstIPSet1 + 150mA
. settings below 75mA can be limited by the 0111: BBstIPSet1 + 175mA
BBstiPSet2 4 minimum top. 1000: BBstIPSet1 + 200mA
Recommended settings: 1001: BBstIPSet1 + 225mA
VBBoOUT < 2.65V: 250mA 1010: BBstIPSet1 + 250mA
2.7V < VggouT < 3.05V: 225mA 1011: BBstIPSet1 + 275mA
3.1V < VggouT < 3.6V: 200mA 1100: BBstIPSet1 + 300mA
3.65V < VggouT < 4.35V: 175mA 1101: BBstIPSet1 + 325mA
VeBouT > 4.4V: 150mA 1110: BBstIPSet1 + 350mA
1111: BBstIPSet1 + 375mA
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BITFIELD BITS DESCRIPTION DECODE
Buck-Boost nominal peak current setting.
Valld.only if BBstlSetLookUpDis is hlgh. 0000: OmA
Nominal peak current when charging inductor :
0001: 25mA
between VN and GND. :
) 0010: 50mA
See Buck-Boost Regulator section for a :
L . 0011: 75mA
description of the peak current settings. OmA :
. . 0100: 100mA
to 375mA, linear scale, 25mA increments, )
settings below 75mA may be limited by the 0101: 125mA
minimgum ton y y 0110: 150mA
BBstIPSet1 3:0 Recommended settings: 0111: 175mA
. 1000: 200mA
VBBOUT < 2.65V: 50mA .
. 1001: 225mA
2.7V < VgpouT < 3.05V: 75mA .
. 1010: 250mA
3.1V < VggouT < 3.4V: 100mA )
. 1011: 275mA
3.45V < VgpouyrT < 3.8V: 1256mA 1100: 300mA
3.85V < VgpouyTt £4.15V: 150mA
. 1101: 325mA
4.2V < VgouT < 4.55V: 175mA :
. 1110: 350mA
4.6V < VggouT < 4.9V: 200mA 1111: 375mA
4.95V < VggouT < 5.3V: 225mA )
VeeouT > 5.35V: 250mA
BBstCfg1 (0x44)
BIT 7 6 5 4 3 2 1 | o
Field _ BBstIAdptDi BBstFast BBstZQCm BBstFETSc | BBstMPC1F BBFHighSh[1:0]
s pDis ale astCntl
%(,:;:ss - Write, Read | Write, Read | Write, Read | Write, Read | Write, Read Write, Read
BITFIELD BITS DESCRIPTION DECODE
. . 0: Enabled
BBstlAdptDis 6 /(;\g:&téve peakivalley current adjustment 1: Disabled, peak current fixed and is set by
BBstIPSet1,2. Valley current is fixed to OmA
0: Normal, low quiescent current operation
BBstFast 5 Buck-Boost pretrigger mode setting 1: Increased quiescent mode for fast load transient
response. Quiescent current increased to 30pA.
BBstZCCmp . . 0: Enable
Dis 4 Buck-Boost zero-crossing comparator disable 1- Disable
Buck-Boost Force FET Scaling. . . .
BBstFETScal 3 Reduce the FET size by factor 2 to optimize 0: FET scal!ng disabled
e . . 1: FET scaling enabled
the efficiency at light loads
Buck-Boost FAST Mode Enable by MPC1. 0: FAST status controlled by BBstFast Register
BBstMPC1Fa 2 Improves interoperability with MAX86170/ 1: FAST mode controlled by MPC1.
stCntl 171. Tie MPC1 to INT2 on MAX86170/171 if | MPC1 = 0: FAST disabled
this mode is used. MPC1 = 1: FAST enabled, 1Q increased by 30pA
Buck-Boost fyigHq Thresholds.
Selects the switching frequency threshold 00: 25kHz/6.125kHz
BBFHighSh 10 fhigh- If fsw > fHigH all the blocks are kept 01: 35kHz/8.25kHz

ON (lq is higher). A small glitch on VggouT
can be present at the fy gy crossoverover.

10: 50kHz/12.5kHz
11: 100kHz/25kHz
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BBstCtr0 (0x45)

BIT 7 6 5 4 3 2 1 0
Field BBstMPC7 | BBstMPC6 | BBstMPC5 | BBstMPC4 | BBstMPC3 | BBstMPC2 | BBstMPC1 | BBstMPCO
¢;::ss Write, Read | Write, Read | Write, Read | Write, Read | Write, Read | Write, Read | Write, Read | Write, Read

BITFIELD BITS DESCRIPTION DECODE

Buck-Boost MPC7 Enable Control.
Only valid when BBstSeq = 111 and BBstEn .

BBstMPC7 7 = 10. If multiple MPCs are selected, the Buck- ?; gﬂgi:ggg:ﬁ Qg’tmi‘;ﬂterg'fdhﬁ.‘éé”7p‘37
Boost is controlled by the logical OR of the ’ Y
MPCs
Buck-Boost MPC6 Enable Control.
Only valid when BBstSeq = 111 and BBstEn .

BBStMPC6 6 = 10. If multiple MPCs are selected, the Buck- ?j Sﬂgt:gggzt ggat‘i‘;ﬂterg”bedl\%c'\"g%
Boost is controlled by the logical OR of the ’ Y
MPCs
Buck-Boost MPC5 Enable Control.
Only valid when BBstSeq = 111 and BBstEn .

BBStMPC5 5 = 10. If multiple MPCs are selected, the Buck- ‘1); Sﬂgi:gggzt ggat"r‘c’)ﬂgg”bedl\%é"spcs
Boost is controlled by the logical OR of the ’ y
MPCs
Buck-Boost MPC4 Enable Control.
Only valid when BBstSeq = 111 and BBstEn .

BBstMPC4 4 = 10. If multiple MPCs are selected, the Buck- (1); gﬁﬁi:gggzt ggat"rzﬂgg':oedl\;’gg’Afpcd'
Boost is controlled by the logical OR of the ’ Y
MPCs
Buck-Boost MPC3 Enable Control.
Only valid when BBstSeq = 111 and BBstEn .

BBStMPC3 3 = 10. If multiple MPCs are selected, the Buck- ?; Eﬂgi:gggzi ggﬁ]tcrgﬂterg':oedl\%&m’
Boost is controlled by the logical OR of the ’ Y
MPCs
Buck-Boost MPC2 Enable Control.
Only valid when BBstSeq = 111 and BBstEn .

BBStMPC2 2 = 10. If multiple MPCs are selected, the Buck- ?j Sﬂgt:gggzt ggat‘i‘;ﬂterg”bedl\%c'v'zpcz
Boost is controlled by the logical OR of the ’ Y
MPCs
Buck-Boost MPC1 Enable Control.
Only valid when BBstSeq = 111 and BBstEn .

BBStMPC1 1 = 10. If multiple MPCs are selected, the Buck- ‘1); Sﬂgi:gggzt ggat"r‘c’)ﬂgg”bed,\%é"fm
Boost is controlled by the logical OR of the ’ y
MPCs
Buck-Boost MPCO Enable Control.
Only valid when BBstSeq = 111 and BBstEn .

BBStMPCO 0 = 10. If multiple MPCs are selected, the Buck- (1); gﬁﬁi:gggzt Zﬁﬂﬁﬁﬂterg"bedﬁééﬂopco
Boost is controlled by the logical OR of the ’ Y
MPCs

BBstCtr1 (0x46
BIT 7 6 5 4 3 2 | 1 0
Field - - - BBstDvsCfg[4:0]
Access - - - Write, Read
Type
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BITFIELD BITS DESCRIPTION DECODE

00000: DVS modes disabled
00001: MPCO/MPCA1
00010: MPCO/MPC2
00011: MPCO/MPC3
00100: MPCO/MPC4
00101: MPCO/MPC5
00110: MPCO/MPC6
00111: MPCO/MPC7
01000: MPC1/MPC2
01001: MPC1/MPC3
01010: MPC1/MPC4
01011: MPC1/MPC5
01100: MPC1/MPC6
01101: MPC1/MPC7
01110: MPC2/MPC3
BBstDvsCfg 4:0 Buck-Boost DVS configuration 01111: MPC2/MPC4
10000: MPC2/MPC5
10001: MPC2/MPC6
10010: MPC2/MPC7
10011: MPC3/MPC4
10100: MPC3/MPC5
10101: MPC3/MPC6
10110: MPC3/MPC7
10111: MPC4/MPC5
11000: MPC4/MPC6
11001: MPC4/MPC7
11010: MPC5/MPC6
11011: MPC5/MPC7
11100: MPC6/MPC7
11101: SPI Mode
>11101: RESERVED

BBstDvsCfq0 (0x47)

BIT 7 6 5 4 S 0
Field . . BBstDvsVt0[5:0]
Access - - Write, Read
Type
BITFIELD BITS DESCRIPTION

Buck-Boost alternate output voltage setting 0 (Controlling MPCs = 00)
2.5V to 5.5V, Linear Scale, 50mV increments, codes below 000010 can
interfere with VggouT _uvLo and are not guaranteed

. 000000 = 2.5V

BBstDvsVIt0 5:0 000001 = 255V
111100 = 5.5V
>111100 = N/A

BBstDvsCfg1 (0x48)

BIT 7 6 5 4 S 0
Field . . BBstDvsVIt1[5:0]
Access - - Write, Read
Type
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BITFIELD BITS DESCRIPTION
Buck-Boost alternate output voltage setting 1 (Controlling MPCs = 01)
2.5V to 5.5V, Linear Scale, 50mV increments, codes below 000010 can
interfere with VggouT uvLo and are not guaranteed
) 000000 = 2.5V -
BBstDvsVIt1 5:0 000001 = 2 55V
111100 = 5.5V
>111100 = N/A
BBstDvsCfg2 (0x49)
BIT 7 6 5 4 3 \ 2 ] 1 0
Field - - BBstDvsVIt2[5:0]
Access - - Write, Read
Type
BITFIELD BITS DESCRIPTION
Buck-Boost alternate output voltage setting 2 (Controlling MPCs = 10)
2.5V to 5.5V, Linear Scale, 50mV increments, codes below 000010 can
interfere with VggouT uvLo and are not guaranteed
) 000000 = 2.5V -
BBstDvsVIt2 5:0 000001 = 2 55V
111100 = 5.5V
>111100 = N/A
BBstDvsCfg3 (0x4A)
BIT 7 6 5 4 3 \ 2 ] 1 0
Field - - BBstDvsVIt3[5:0]
Access - - Write, Read
Type
BITFIELD BITS DESCRIPTION
Buck-Boost alternate output voltage setting 3 (Controlling MPCs = 11)
2.5V to 5.5V, Linear Scale, 50mV increments, codes below 000010 can
interfere with VggouT uvLo and are not guaranteed
) 000000 = 2.5V -
BBstDvsVIt3 5:0 000001 = 2 55V
111100 = 5.5V
>111100 = N/A
BBstDvsSpi (0x4B)
BIT 7 6 5 4 3 \ 2 ] 1 0
Field - - BBstSPIVIt[5:0]
Access
Type - - Read Only
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BITFIELD BITS DESCRIPTION
Buck-Boost SPI DVS Readback.
2.5V to 5.5V, Linear Scale, 50mV increments, codes below 000010 can
interfere with VggouT uvLo and are not guaranteed
) 000000 = 2.5V B

BBstSPIVIt 5:0 000001 = 2 55V
111100 = 5.5V
>111100 = N/A

LDO1Ena (0x51)

BIT 7 | 6 ] 5 4 3 2 1 ] 0
Field LDO1Seq[2:0] - - - LDO1EN[1:0]
Access Read Only - - - Write, Read
Type

BITFIELD BITS DESCRIPTION DECODE
000: Disabled
001: Reserved
010: Enabled at 0% of Boot/POR process delay
control
011: Enabled at 25% of Boot/POR process delay
. ) . control
LDO1Seq 7:5 LDO1 enable configuration (read only) 100: 100 = Enabled at 50% of Boot/POR process
delay control
101: Reserved
110: Reserved
111: Controlled by LDO1En [1:0] after 100% of
Boot/POR process delay control
00: Disabled
) . . 01: Enabled
LDO1EN 1:0 LDOT enable corlflguratlon (effective only 10: Controlled by MPC_ (See LDO1Ctr register
when LDO1Seq = 111)
0x54)
11: Reserved
LDO1Cfqg (0x52)
BIT 7 6 5 4 3 2 1 0
. LDO1_MPC | LDO1_MPC | LDO1ActDs LDO1PsvDs
Field - - - 0CNF OCNT c LDO1Mode c
¢;::ss - - - Write, Read | Write, Read | Write, Read | Write, Read | Write, Read
BITFIELD BITS DESCRIPTION DECODE
0: MPCOQ controls LDO/SW mode of LDO1 (MPCO
LDO1_MPCO 4 MPCO confiquration bit =0 LDO mode, MPCO =1 SW mode)
CNF 9 1: MPCO controls Enable of LDO1 (MPC0 =0
disabled, MPCO = 1 enabled in SW mode)
LDO1 MPCO 0: MPCO has no effect on the LDO
CNT 3 LDO1/MPCO control bit 1: LDO1_MPCOCNF is valid and MPCO function is

enabled
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BITFIELD BITS DESCRIPTION DECODE
0: LDO1 output is actively discharged only in Hard-
. . Reset mode
LDO1ActDsc 2 LDO1 active discharge control 1: LDOA output is actively discharged in Hard-
Reset mode and also when its Enable goes Low
LDO1 Mode Control.
When FET is On, the output is unregulated. 0: Normal LDO operating mode
LDO1Mode 1 This setting is internally latched and can 1: Load switch mode. FET is either fully On or Off
change only when the LDO depending on state of LDO1EnN.
is disabled
0: LDO1 output is discharged only entering Off and
. . Hard-Reset modes
LDO1PsvDsc 0 LDO1 passive discharge control 1: LDO1 output is discharged only entering Off and
Hard-Reset modes and when the enable is Low
LDO1VSet (0x53)

BIT 7 6 5 4 3 \ 2 ] 1 0

Field - - LDO1VSet[5:0]
Access - - Write, Read
Type

BITFIELD BITS DESCRIPTION
LDO1 Output Voltage Setting.
Limited by input supply
0.5V to 1.95V, Linear Scale, 25mV increments

. 000000 = 0.5V
LDO1VSet 5:0 000001 = 0.525V
111010 = 1.95V
>111010 = Limited by input supply
LDO1Ctr (0x54)

BIT 7 6 5 4 3 2 1 0
Field LDO1MPC7 | LDO1MPC6 | LDO1MPC5 | LDO1MPC4 | LDO1MPC3 | LDO1MPC2 | LDO1MPC1 | LDO1MPCO
%(,:;:ss Write, Read | Write, Read | Write, Read | Write, Read | Write, Read | Write, Read | Write, Read | Write, Read

BITFIELD BITS DESCRIPTION DECODE

LDO1 MPC7 Enable Control.
Only valid when LDO1Seq = 111 and .

LDO1MPC7 7 LDO1En = 10. If multiple MPCs are selected, ?j tgg Eg;t‘i‘c’)ﬂgg'fdhﬁég’f(n
LDO1 is controlled by the logical OR of the ’ y
MPCs
LDO1 MPC6 Enable Control.
Only valid when LDO1Seq = 111 and .

LDO1MPC6 6 LDO1EN = 10. If multiple MPCs are selected, ‘1); tgg] gg;tcrzﬂgg”t’fd,\%é"spce
LDO1 is controlled by the logical OR of the ’ y
MPCs
LDO1 MPC5 Enable Control.
Only valid when LDO1Seq = 111 and .

LDOTMPC5 5 LDO1En = 10. If multiple MPCs are selected, | - D01 o conrolied Y VPCS
LDO1 is controlled by the logical OR of the ’ y
MPCs
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BITFIELD BITS DESCRIPTION DECODE

LDO1 MPC4 Enable Control.
Only valid when LDO1Seq = 111 and .

LDO1MPC4 4 LDO1En = 10. If multiple MPCs are selected, ?j tgg Eg;t‘igﬂ;rg”tfdh;’ég'fc“
LDO1 is controlled by the logical OR of the ’ y
MPCs
LDO1 MPC3 Enable Control.
Only valid when LDO1Seq = 111 and .

LDO1MPC3 3 LDO1EN = 10. If multiple MPCs are selected, ‘1); tgg] 23;52“23”;",%3";’03
LDO1 is controlled by the logical OR of the ’ y
MPCs
LDO1 MPC2 Enable Control.
Only valid when LDO1Seq = 111 and .

LDO1MPC2 2 LDO1EN = 10. If multiple MPCs are selected, (1); ::881 Eg;tcrgﬂgg':fd,\;’%éﬂzpoz
LDO1 is controlled by the logical OR of the ’ y
MPCs
LDO1 MPC1 Enable Control.
Only valid when LDO1Seq = 111 and .

LDO1MPC1 1 LDO1En = 10. If multiple MPCs are selected, ?; 'Eggl :g;ﬁgﬂgg':f%%é"fm
LDO1 is controlled by the logical OR of the ’ y
MPCs
LDO1 MPCO Enable Control.
Only valid when LDO1Seq = 111 and .

LDO1MPCO 0 LDO1En = 10. If multiple MPCs are selected, ?j tgg Eg;t‘i‘c’)ﬂgg'fdhﬁég’opco
LDO1 is controlled by the logical OR of the ’ y
MPCs

LDO2Ena (0x55)

BIT 7 | 6 \ 5 4 3 2 1 \ 0
Field LDO2Seq[2:0] - - - LDO2EN[1:0]
?;;:ss Read Only - - - Write, Read

BITFIELD BITS DESCRIPTION DECODE
000: 000 = Disabled
001: Enabled always when BAT/SYS is present
010: Enabled at 0% of Boot/POR process delay
control
011: Enabled at 25% of Boot/POR process delay
. ) . control
LDO2Seq 7:5 LDO2 Enable Configuration (Read only) 100: Enabled at 50% of Boot/POR process delay
control
101: Reserved
110: Reserved
111: Controlled by LDO2En [1:0] after 100% of
Boot/POR process delay control
00: Disabled
) . . 01: Enabled
LDO2En 1:0 'V‘Vagffggg'gei"_”fﬁf)a“on (effective only | 15 Controlied by MPC_ (See LDO2Ctr register
- 0x58)

11: Reserved
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BIT 7 6 5 4 3 2 1 0
Field B B _ _ LDOZySuppI LDOZ?ctDs LDO2Mode LDOZ(I:?’svDs
?;::)::ss - - - - Write, Read | Write, Read | Write, Read | Write, Read

BITFIELD BITS DESCRIPTION DECODE
0: L2IN must be provided externally
LDO2Supply 3 AON LDO internal switchover supply control 1: L2IN is internally connected to VoonT With a
TYP 15kQ resistor. Bypass L2IN with 1uF
0: LDO2 output is actively discharged only in Hard-
. . Reset mode
LDO2ActDsc 2 LDO2 active discharge control 1: LDO2 output is actively discharged in Hard-
Reset mode and also when its Enable goes Low
LDO2 Mode Control. . . . . .
When FET is On, the output is unregulated. 0: LDO2 output is actively discharged only in Hard-
. P Reset mode
LDO2Mode 1 This setting is internally latched and can . . . . .
1: LDO2 output is actively discharged in Hard-
change only when the LDO .
- Reset mode and also when its Enable goes Low
is disabled.
0: LDO2 output is passively discharged only in
. . Hard-Reset mode
LDO2PsvDsc 0 LDO2 passive discharge control 1: LDO2 output is passively discharged in Hard-
Reset mode and also when its Enable goes Low
LDO2VSet (0x57

BIT 7 6 5 4 3 2 | 1 0

Field - - - LDO2VSet[4:0]
Access - - - Write, Read
Type

BITFIELD BITS DESCRIPTION
LDO2 Output Voltage Setting.
Limited by input supply.
0.9V to 4V, Linear Scale, 100mV increments
. 000000 = 0.9V

LDO2VSet 4:0 000001 = 1V
11110 = 3.9V
11111 =4V

LDO2Ctr (0x58)

BIT 7 6 5 4 3 2 1 0
Field LDO2MPC7 | LDO2MPC6 | LDO2MPC5 | LDO2MPC4 | LDO2MPC3 | LDO2MPC2 | LDO2MPC1 | LDO2MPCO
?;;:ss Write, Read | Write, Read | Write, Read | Write, Read | Write, Read | Write, Read | Write, Read | Write, Read
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BITFIELD

BITS

DESCRIPTION

DECODE

LDO2MPC7

LDO2 MPC7 Enable Control.

Only valid when LDO2Seq = 111 and
LDO2En = 10. If multiple MPCs are selected,
LDO2 is controlled by the logical OR of the
MPCs

-

: LDO2 not controlled by MPC7
: LDO2 controlled by MPC7

LDO2MPC6

LDO2 MPC6 Enable Control.

Only valid when LDO2Seq = 111 and
LDO2En = 10. If multiple MPCs are selected,
LDO2 is controlled by the logical OR of the
MPCs

—_

: LDO2 not controlled by MPC6
: LDO2 controlled by MPC6

LDO2MPC5

LDO2 MPC5 Enable Control.

Only valid when LDO2Seq = 111 and
LDO2En = 10. If multiple MPCs are selected,
LDO2 is controlled by the logical OR of the
MPCs

: LDO2 not controlled by MPC5
: LDO2 controlled by MPC5

LDO2MPC4

LDO2 MPC4 Enable Control.

Only valid when LDO2Seq = 111 and
LDO2En = 10. If multiple MPCs are selected,
LDO?2 is controlled by the logical OR of the
MPCs

: LDO2 not controlled by MPC4
: LDO2 controlled by MPC4

LDO2MPC3

LDO2 MPC3 Enable Control.

Only valid when LDO2Seq = 111 and
LDO2En = 10. If multiple MPCs are selected,
LDO2 is controlled by the logical OR of the
MPCs

-

: LDO2 not controlled by MPC3
: LDO2 controlled by MPC3

LDO2MPC2

LDO2 MPC2 Enable Control.

Only valid when LDO2Seq = 111 and
LDO2En = 10. If multiple MPCs are selected,
LDO2 is controlled by the logical OR of the
MPCs

-

: LDO2 not controlled by MPC2
: LDO2 controlled by MPC2

LDO2MPC1

LDO2 MPC1 Enable Control.

Only valid when LDO2Seq = 111 and
LDO2En = 10. If multiple MPCs are selected,
LDO2 is controlled by the logical OR of the
MPCs

: LDO2 not controlled by MPC1
: LDO2 controlled by MPC1

LDO2MPCO

LDO2 MPCO Enable Control.

Only valid when LDO2Seq = 111 and
LDO2En = 10. If multiple MPCs are selected,
LDO2 is controlled by the logical OR of the
MPCs

: LDO2 not controlled by MPCO
: LDO2 controlled by MPCO

LSW1Ena (0x59)

BIT

6 | 5

2 1 \

0

Field

LSW1Seq[2:0]

LSW1ER[1:0]

Access
Type

Read Only

Write, Read
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BITFIELD

BITS

DESCRIPTION

DECODE

LSW1Seq

75

LSW1 enable configuration (read only)

000: Disabled

001: Reserved

010: Enabled at 0% of Boot/POR process delay
control

011: Enabled at 25% of Boot/POR process delay
control

100: Enabled at 50% of Boot/POR process delay
control

101: Reserved

110: Reserved

111: Controlled by LSW1En [1:0] after 100% of
Boot/POR process delay control

LSW1En

1:0

LSW1 enable configuration (effective only
when LSW1Seq = 111)

00: Disabled

01: Enabled

10: Controlled by MPC_ (See LSW1MPC__ bits in
register 0x5B)

11: Reserved

LSW1Cfg (0x5A)

BIT 7 6 5 4 3 2 1 0
Field _ _ _ _ _ LSW1ActDs LSWA1Lowlq LSW1PsvD
c sC
Access - - - - - Write, Read | Write, Read | Write, Read
Type
BITFIELD BITS DESCRIPTION DECODE
0: LSW1 output is actively discharged only in Hard-
. . Reset mode
LSW1ActDsc 2 LSW1 active discharge control 1: LSW1 output i actively discharged in Hard-
Reset mode and also when its Enable goes Low
0: Voltage protection enabled. If Vgys - Vi sw1ouT
LSW1 Low Quiescent Control. exceeds V| sw_pROT, the output is disabled to
LSW1Lowlq 1 Low quiescent mode is achieved by disabling | protect from overcurrent.
the voltage protection of LSW1 1: Voltage protection disabled and quiescent is
reduced
0: LSW1 output is discharged only entering Off and
LSW1PsvDs 0 LSW1 passive discharge control Hard-Reset modes
c P 9 1: LSW1 output is discharged only entering Off and
Hard-Reset modes and when the enable is Low
LSW1Ctr (0x5B)

BIT 7 6 5 4 3 2 1 0
Field LSW1MPC7 | LSW1MPC6 | LSW1MPC5 | LSW1MPC4 | LSW1MPC3 | LSW1MPC2 | LSW1MPC1 | LSW1MPCO
¢;::ss Write, Read | Write, Read | Write, Read | Write, Read | Write, Read | Write, Read | Write, Read | Write, Read

BITFIELD BITS DESCRIPTION DECODE
LSW1 MPC7 Enable Control.
Only valid when LSW1Seq = 111 and .
LSWIMPC7 7 LSW1En = 10. If multiple MPCs are selected, | 9 LSW1 not controlled by MPC7

LSW1 is controlled by the logical OR of the
MPCs

1: LSW1 controlled by MPC7
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BITFIELD

BITS

DESCRIPTION

DECODE

LSW1MPC6

LSW1 MPC6 Enable Control.

Only valid when LSW1Seq = 111 and
LSW1En = 10. If multiple MPCs are selected,
LSW1 is controlled by the logical OR of the
MPCs

-

: LSW1 not controlled by MPC6
: LSW1 controlled by MPC6

LSW1MPC5

LSW1 MPC5 Enable Control.

Only valid when LSW1Seq = 111 and
LSW1En = 10. If multiple MPCs are selected,
LSW1 is controlled by the logical OR of the
MPCs

—_

: LSW1 not controlled by MPC5
: LSW1 controlled by MPC5

LSW1MPC4

LSW1 MPC4 Enable Control.

Only valid when LSW1Seq = 111 and
LSW1En = 10. If multiple MPCs are selected,
LSW1 is controlled by the logical OR of the
MPCs

: LSW1 not controlled by MPC4
: LSW1 controlled by MPC4

LSW1MPC3

LSW1 MPC3 Enable Control.

Only valid when LSW1Seq = 111 and
LSW1En = 10. If multiple MPCs are selected,
LSW1 is controlled by the logical OR of the
MPCs

: LSW1 not controlled by MPC3
: LSW1 controlled by MPC3

LSW1MPC2

LSW1 MPC2 Enable Control.

Only valid when LSW1Seq = 111 and
LSW1En = 10. If multiple MPCs are selected,
LSW1 is controlled by the logical OR of the
MPCs

-

: LSW1 not controlled by MPC2
: LSW1 controlled by MPC2

LSW1MPC1

LSW1 MPC1 Enable Control.

Only valid when LSW1Seq = 111 and
LSW1En = 10. If multiple MPCs are selected,
LSW1 is controlled by the logical OR of the
MPCs

-

: LSW1 not controlled by MPC1
: LSW1 controlled by MPC1

LSW1MPCO

LSW1 MPCO Enable Control.

Only valid when LSW1Seq = 111 and
LSW1En = 10. If multiple MPCs are selected,
LSW1 is controlled by the logical OR of the
MPCs

: LSW1 not controlled by MPCO
: LSW1 controlled by MPCO

LSW2Ena (0x5C)

BIT

6 ] 5 4

2 1 ] 0

Field

LSW2Seq[2:0] _

- LSW2En[1:0]

Access
Type

Read Only -

- Write, Read
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BITFIELD

BITS

DESCRIPTION

DECODE

LSW2Seq

75

LSW2 enable configuration (read only)

000: Disabled

001: Reserved

010: Enabled at 0% of Boot/POR process delay
control

011: Enabled at 25% of Boot/POR process delay
control

100: Enabled at 50% of Boot/POR process delay
control

101: Reserved

110: Reserved

111: Controlled by LSW2En [1:0] after 100% of
Boot/POR process delay control

LSW2En

1:0

LSW2 enable configuration (effective only
when LSW2Seq = 111)

00: Disabled

01: Enabled

10: Controlled by MPC_ (See LSW2MPC__ bits in
register Ox5E)

11: Reserved

LSW2Cfg (0x5D)

BIT 7 6 5 4 3 2 1 0
Field _ _ _ _ _ LSW2ActDs LSW2Lowlq LSW2PsvD
c sc
Access - - - - - Write, Read | Write, Read | Write, Read
Type
BITFIELD BITS DESCRIPTION DECODE
0: LSW2 output is actively discharged only in Hard-
. . Reset mode
LSW2ActDsc 2 LSW2 active discharge control 1: LSW2 output i actively discharged in Hard-
Reset mode and also when its Enable goes Low
0: Voltage protection enabled. If Vgys - Vi sw20uT
LSW2 Low Quiescent Control. exceeds V| sw_pROT, the output is disabled to
LSW2Lowlq 1 Low quiescent mode is achieved by disabling | protect from overcurrent.
the voltage protection of LSW2 1: Voltage protection disabled and quiescent is
reduced
0: LSW2 output is discharged only entering Off and
LSW2PsvDs . . Hard-Reset modes
(] 0 LSW2 passive discharge control 1: LSW2 output is discharged only entering Off and
Hard-Reset modes and when the enable is Low
LSW2Ctr (0x5E)

BIT 7 6 5 4 3 2 1 0
Field LSW2MPC7 | LSW2MPC6 | LSW2MPC5 | LSW2MPC4 | LSW2MPC3 | LSW2MPC2 | LSW2MPC1 | LSW2MPCO
¢;::ss Write, Read | Write, Read | Write, Read | Write, Read | Write, Read | Write, Read | Write, Read | Write, Read

BITFIELD BITS DESCRIPTION DECODE
LSW2 MPC7 Enable Control.
Only valid when LSW2Seq = 111 and .
LSW2MPC7 7 LSW2En = 10. If multiple MPCs are selected, | 9 LSW2 not controlled by MPC7

LSW2 is controlled by the logical OR of the
MPCs

1: LSW2 controlled by MPC7
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BITFIELD BITS DESCRIPTION DECODE
LSW2 MPC6 Enable Control.
Only valid when LSW2Seq = 111 and .
LSW2MPC6 6 LSW2En = 10. If multiple MPCs are selected, ?j tgwg Eg;t‘i‘c’)ﬁgg'fdl\;’ég’g%
LSW2 is controlled by the logical OR of the ’ y
MPCs
LSW2 MPC5 Enable Control.
Only valid when LSW2Seq = 111 and .
LSW2MPC5 5 LSW2En = 10. If multiple MPCs are selected, ‘1); tgwg gg;tcrg“;rgu;d“%yspcs
LSW2 is controlled by the logical OR of the ’ y
MPCs
LSW2 MPC4 Enable Control.
Only valid when LSW2Seq = 111 and .
LSW2MPC4 4 LSW2En = 10. If multiple MPCs are selected, (1); tgwg zgafrgﬂgg";d,\;’ég"“':o“
LSW2 is controlled by the logical OR of the ’ y
MPCs
LSW2 MPC3 Enable Control.
Only valid when LSW2Seq = 111 and .
LSW2MPC3 3 LSW2En = 10. If multiple MPCs are selected, ?; tgwg Eg;frgﬁgg':fd,\%g"spcs
LSW2 is controlled by the logical OR of the ’ y
MPCs
LSW2 MPC2 Enable Control.
Only valid when LSW2Seq = 111 and .
LSW2MPC2 2 LSW2En = 10. If multiple MPCs are selected, ?j tgwg Eg;t‘i‘c’)ﬁgg'fdl\%&mz
LSW2 is controlled by the logical OR of the ’ y
MPCs
LSW2 MPC1 Enable Control.
Only valid when LSW2Seq = 111 and .
LSW2MPC1 1 LSW2En = 10. If multiple MPCs are selected, ‘1); tgwg ggatﬁg“ggu;d“%gﬂfc1
LSW2 is controlled by the logical OR of the ’ y
MPCs
LSW2 MPCO Enable Control.
Only valid when LSW2Seq = 111 and .
LSW2MPCO 0 LSW2En = 10. If multiple MPCs are selected, (1); ::gwg zgafrzﬂgg'fd,\%gﬂopoo
LSW2 is controlled by the logical OR of the ’ y
MPCs
ChgPmpEna (0x5F)

BIT 7 | 6 ] 5 4 3 2 1 ] 0
Field ChgPmpSeq[2:0] - - - ChgPmpEn[1:0]
Access Read Only - - - Write, Read
Type
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BITFIELD BITS DESCRIPTION DECODE

000: Disabled

001: Reserved

010: Enabled at 0% of Boot/POR process delay
control

011: Enabled at 25% of Boot/POR process delay
Charge pump enable configuration (read control

only) 100: Enabled at 50% of Boot/POR process delay
control

101: Reserved

110: Reserved

111: Controlled by ChgPmpEn [1:0] after 100% of
Boot/POR process delay control

00: Disabled

01: Enabled

10: Controlled by MPC_ (See ChgPmpMPC__ bits
in register 0x61)

11: Reserved

ChgPmpSeq 7:5

Charge pump enable configuration (effective

ChgPmpEn 10 only when ChgPmpSeq = 111)

ChgPmpCfqg (0x60)

BIT 7 6 5 4 3 2 1 0
Field - - - - - - CPVSet ChgpvmpPs
¢;:::SS - - - - - - Write, Read | Write, Read

BITFIELD BITS DESCRIPTION DECODE
CPVSet 1 Charge pump voltage control ? g\?v
0: Charge pump passively discharged only in Hard-
ChgPmpPsv 0 Charge pump passive discharge control l‘iecsifltarge pump passively discharged in Hard-
Reset or Enable Low.

ChgPmpCtr (0x61)
BIT 7 6 5 4 3 2 1 0
Field CHGPMPM | CHGPMPM | CHGPMPM | CHGPMPM | CHGPMPM | CHGPMPM | CHGPMPM | CHGPMPM
PC7 PC6 PC5 PC4 PC3 PC2 PC1 PCO
%(,:;:ss Write, Read | Write, Read | Write, Read | Write, Read | Write, Read | Write, Read | Write, Read | Write, Read
BITFIELD BITS DESCRIPTION DECODE
Charge Pump MPC7 Enable Control.
CHGPMPMP Only valid when ChgPmpSeq = 111 and 0: Charge pump not controlled by MPC7
c7 7 ChgPmpEn = 10. If multiple MPCs are 1 Charge pump controlled by MPC7
selected, ChgPmp is controlled by the logical ’
OR of the MPCs
Charge Pump MPC6 Enable Control.
CHGPMPMP 6 gﬂly valid wtlen CthmpSeq = 111 and 0: Charge pump not controlled by MPC6
C6 gPmpEn = 10. If multiple MPCs are 1: Charge pump controlled by MPC6
selected, ChgPmp is controlled by the logical ’
OR of the MPCs
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BITFIELD BITS DESCRIPTION DECODE
Charge Pump MPC5 Enable Control.
CHGPMPMP Only valid when ChgPmpSeq = 111 and 0: Charge pump not controlled by MPC5
c5 5 ChgPmpEn = 10. If multiple MPCs are 1 Charge pump controlled by MPC5
selected, ChgPmp is controlled by the logical ’
OR of the MPCs
Charge Pump MPC4 Enable Control.
CHGPMPMP Only valid wtlen CthmpSeq = 111 and 0: Charge pump not controlled by MPC4
ca 4 ChgPmpEn = 10. If multiple MPCs are 1 Charge pump controlled by MPC4
selected, ChgPmp is controlled by the logical ’
OR of the MPCs
Charge Pump MPC3 Enable Control.
CHGPMPMP Only valid wEen CthmpSeq =111 and 0: Charge pump not controlled by MPC3
C3 3 ChgPmpEn = 10. If multiple MPCs are 1: Charge pump controlled by MPC3
selected, ChgPmp is controlled by the logical ’ ge pump y
OR of the MPCs
Charge Pump MPC2 Enable Control.
CHGPMPMP Only valid when ChgPmpSeq = 111 and 0: Charge pump not controlled by MPC2
Cc2 2 ChgPmpEn = 10. If multiple MPCs are 1: Charge pump not controlled by MPC2
selected, ChgPmp is controlled by the logical ’
OR of the MPCs
Charge Pump MPC1 Enable Control.
CHGPMPMP Only valid when ChgPmpSeq = 111 and 0: Charge pump not controlled by MPC1
c1 1 ChgPmpEn = 10. If multiple MPCs are 1 Charge pump controlled by MPC1
selected, ChgPmp is controlled by the logical ’
OR of the MPCs
Charge Pump MPCO Enable Control.
CHGPMPMP 0 gﬂly valid wtlen CthmpSeq = 111 and 0: Charge pump not controlled by MPCO
COo gPmpEn = 10. If multiple MPCs are 1: Charge pump controlled by MPCO
selected, ChgPmp is controlled by the logical ’
OR of the MPCs
BoostEna (0x62)

BIT 7 | 6 \ 5 4 3 2 1 \ 0
Field BoostSeq[2:0] - - - BstEn[1:0]
Access Read Only - - - Write, Read
Type

BITFIELD BITS DESCRIPTION DECODE
000: Disabled
001: Reserved
010: Enabled at 0% of Boot/POR process delay
control
011: Enabled at 25% of Boot/POR process delay
BoostSeq 7:5 Boost enable configuration (read only) control

100: Enabled at 50% of Boot/POR process delay
control

101: Reserved

110: Reserved

111: Controlled by BoostEn [1:0] after 100% of
Boot/POR process delay control
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BITFIELD BITS DESCRIPTION DECODE

00: Disabled

Boost enable configuration (effective onl 01: Enabled

BstEn 1:0 g y 10: Controlled by MPC_ (See BoostMPC_ bits in

when BoostSeq = 111) .
register 0x66)
11: Reserved

BoostCfg (0x63)

BIT 7 6 5 4 3 2 1 0
Field - - - - BstPsvDsc | BstlAdptEn | BstFastStrt BStFF;TS"a'
%(,:;:ss - - - - Write, Read | Write, Read | Write, Read | Write, Read

BITFIELD BITS DESCRIPTION DECODE
0: Boost output is discharged only when entering
Off and Hard-Reset modes
BstPsvDsc 3 Boost passive discharge control 1: Boost output is discharged only when entering
Off and Hard-Reset modes and when BoostEn is
set to 000
0: Inductor peak current fixed at the programmed
. value by means of BstISet
BstlAdptEn 2 Boost adaptive peak current control 1: Inductor peak current automatically increased to
provide better load regulation
0: Time to full current capability during Startup
. =100ms. Precharge with fixed BstISet = 100mA
BstFastStrt 1 Boost fast start time 1: Time to full current capability during Startup =
50ms.
0: No FET scaling
BStFETScale 0 Boost FET scaling 1: Act_lve bo_o_st FET size sc_:aled down by half to
optimize efficiency for low inductor peak current
settings
BoostiSet (0x64)
BIT 7 6 5 4 3 2 | 1 \ 0
. BstlSetLook .
Field UpDis - - - BstlSet[3:0]
Access Write, Read - - - Write, Read
Type
BITFIELD BITS DESCRIPTION DECODE
BstlSetLook 7 Boost peak current set by lookup table g:pI?:bulgtor current setting is set according to look-
UpDis disable 1: Inductor current setting is set by BstISet
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BITFIELD BITS DESCRIPTION DECODE

0000: 100mA
0001: 125mA
0010: 150mA
0011: 175mA
0100: 200mA
0101: 225mA
0110: 250mA
0111: 275mA
1000: 300mA
1001: 325mA
1010: 350mA
1011: 375mA
1100: 400mA
1101: 425mA
1110: 450mA
1111: 475mA

Boost Nominal inductor Peak Current Setting.
BstlSet 3.0 Valid only if BstlSetLookUpDis is high.
25mA step resolution

BoostVSet (0x65)
BIT 7 6 5 4 3 \ 2 ] 1 0
Field - - BstVSet[5:0]

Access
Type

- - Write, Read
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BITFIELD BITS DESCRIPTION DECODE

000000: 5.00V
000001: 5.25V
000010: 5.50V
000011: 5.75V
000100: 6.00V
000101: 6.25V
000110: 6.50V
000111: 6.75V
001000: 7.00V
001001: 7.25V
001010: 7.50V
001011: 7.75V
001100: 8.00V
001101: 8.25V
001110: 8.50V
001111: 8.75V
010000: 9.00V
010001: 9.25V
010010: 9.50V
010011: 9.75V
010100: 10.00V
010101: 10.25V
010110: 10.50V
010111: 10.75V
011000: 11.00V
011001: 11.25V
011010: 11.50V

Boost Output Voltage Setting. 011011: 11.75V
BstVSet 5:0 Linear scale from 5V to 20V in 250mV 011100: 12.00V
increments 011101: 12.25V

011110: 12.50V
011111: 12.75V
100000: 13.00V
100001: 13.25V
100010: 13.50V
100011: 13.75V
100100: 14.00V
100101: 14.25V
100110: 14.50V
100111: 14.75V
101000: 15.00V
101001: 15.25V
101010: 15.50V
101011: 15.75V
101100: 16.00V
101101: 16.25V
101110: 16.50V
101111: 16.75V
110000: 17.00V
110001: 17.25V
110010: 17.50V
110011: 17.75V
110100: 18.00V
110101: 18.25V
110110: 18.50V
110111: 18.75V
111000: 19.00V
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BITFIELD BITS DESCRIPTION DECODE
111001: 19.25V
111010: 19.50V
111011: 19.75V
111100: 20.00V
>111100: Reserved
BoostCtr (0x66)

BIT 7 6 5 4 3 2 1 0
Field BstMPC7 BstMPC6 BstMPC5 BstMPC4 BstMPC3 BstMPC2 BstMPC1 BstMPCO
?;;:ss Write, Read | Write, Read | Write, Read | Write, Read | Write, Read | Write, Read | Write, Read | Write, Read

BITFIELD BITS DESCRIPTION DECODE

Boost MPC7 Enable Control.
Only valid when BstSeq = 111 and BstEn = .

BstMPC7 7 10. If multiple MPCs are selected, Buck- (1); Sggi: Eg;frzﬂgg':fd,\;’ég'fm
Boost is controlled by the logical OR of the ’ y
MPCs
Boost MPC6 Enable Control.
Only valid when BstSeq = 111 and BstEn = .

BstMPC6 6 10. If multiple MPCs are selected, Buck- ?; gggz: gg;frgﬂgg'fdh%é"epcs
Boost is controlled by the logical OR of the ’ y
MPCs
Boost MPC5 Enable Control.
Only valid when BstSeq = 111 and BstEn = .

BstMPC5 5 10. If multiple MPCs are selected, Buck- ?j gggz: Eg;t‘i‘c’)ﬂgg'fdhﬁég’;%
Boost is controlled by the logical OR of the ’ y
MPCs
Boost MPC4 Enable Control.
Only valid when BstSeq = 111 and BstEn = .

BstMPC4 4 10. If multiple MPCs are selected, Buck- ‘1); Sggi: gg;tcrzﬂgg”;d,\%é"fc“
Boost is controlled by the logical OR of the ’ y
MPCs
Boost MPC3 Enable Control.
Only valid when BstSeq = 111 and BstEn = .

BStMPC3 3 10. If multiple MPCs are selected, Buck- 0 Boost not contralled by MRS
Boost is controlled by the logical OR of the ’ y
MPCs
Boost MPC2 Enable Control.
Only valid when BstSeq = 111 and BstEn = .

BstMPC2 2 10. If multiple MPCs are selected, Buck- ?; gggz: gg;frgﬂgg'fdh%é";cz
Boost is controlled by the logical OR of the ’ y
MPCs
Boost MPC1 Enable Control.
Only valid when BstSeq = 111 and BstEn = .

BstMPC1 1 10. If multiple MPCs are selected, Buck- ?j gggz: Eg;t‘i‘;ﬂgg'fdhﬁééﬂfm
Boost is controlled by the logical OR of the ’ y
MPCs
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BITFIELD BITS DESCRIPTION DECODE
Boost MPCO Enable Control.
Only valid when BstSeq = 111 and BstEn = .
BstMPCO 0 10. If multiple MPCs are selected, Buck- ?j gggz: Eg;t‘igﬂ;rg”tfdh;’éé"opco
Boost is controlled by the logical OR of the ’ y
MPCs
MPCO0Cfqg (0x67)

BIT 7 6 5 4 3 2 1 0
Field MPCORead — - MPCOOut MPCOOD MPCOHizB MPCORes MPCOPup
?;;:ss Read Only - - Write, Read | Write, Read | Write, Read | Write, Read | Write, Read

BITFIELD BITS DESCRIPTION DECODE
0: MPCO Low
MPCORead 7 MPCO State 1: MPCO High (if MPCOOD = 0) or Hi-Z (if
MPCOOD = 1)
0: MPCO connected to GND
MPCO Output Value. 1:
MPCOOut 4 Valid only if MPCO is configured as output MPCO open drain off (MPCOOD = 1) or
(MPCOHiZB = 1) connected to BK10UT
(MPCOOD =0)
MPCO Output Configuration. . . )
MPCOOD 3 Valid only if MPCO is configured as output (1); mgg o EUZ: g;‘;’iﬁm”e‘ﬁed to BK1OUT
(MPCOHiZB = 1) : P
. N 0: MPCQ is Hi-Z. Input buffer enabled.
MPCOHiZB 2 MPCO Direction 1: MPCO i not Hi-Z. Output buffer enabled.
MPCO Resistor Presence. . .
MPCORes 1 Valid only if MPCO is configured as input (1); E:i:ztg; ggaﬁggt”e?:gd,\;gg'opco
(MPCOHiZB = 0) :
MPCO Resistor Configuration. .
MPCOPup 0 Valid only if there is a resistor on MPCO ?j ﬁﬂ::govrgGonneCtsg;se'\éltde?wcpo
(MPCORes = 1) : p CCINT
MPC1Cfqg (0x68)

BIT 7 6 5 4 3 2 1 0
Field MPC1Read - - MPC10ut MPC10D MPC1HizB MPC1Res MPC1Pup
¢;;:ss Read Only - - Write, Read | Write, Read | Write, Read | Write, Read | Write, Read

BITFIELD BITS DESCRIPTION DECODE
0: MPC1 Low
MPC1Read 7 MPC1 State 1: MPC1 High (if MPC10D = 0) or Hi-Z (if
MPC10D = 1)
0: MPC1 connected to GND
MPC1 Output Value. : . _
MPC10ut 4 Valid only if MPC1 is configured as output 1: MPC1 open drain off (MPC10D =1) or
(MPC1HIZB = 1) connected to BK1OUT
(MPC10D = 0)
MPC1 OOutput Configuration. . .
MPC10D 3 Valid only if MPC1 is configured as output ?j mg} o g“gr‘"gf;'ir?"”e"te" to BK1OUT
(MPC1HiZB = 1) : P

www.maximintegrated.com

Maxim Integrated | 174



MAX20360 PMIC with Ultra-Low I Regulators, Charger,
Fuel Gauge, and Haptic Driver for
Small Li+ System
BITFIELD BITS DESCRIPTION DECODE
. N 0: MPC1 is Hi-Z. Input buffer enabled.
MPC1HiZB 2 MPC1 Direction 1: MPC1 is not Hi-Z. Output buffer enabled.
MPC1 Resistor Presence. . .
MPC1Res 1 Valid only if MPC1 is configured as input ‘1); E:i:ztg; ggaﬁggt”e%ctgdl\jgg'fm
(MPC1HiZB = 0) :
MPC1 Resistor Configuration. .
MPC1Pup 0 Valid only if there is a resistor on MPC1 (1); :ZE::SO";’QsonneCtsgntr?e'\é'tde:wCP ]
(MPC1Res = 1) - UIP O VCCINT
MPC2Cfg (0x69)

BIT 7 6 5 4 3 2 1 0
Field MPC2Read - - MPC20ut | MPC20D | MPC2HiZB | MPC2Res | MPC2Pup
?;;:ss Read Only - - Write, Read | Write, Read | Write, Read | Write, Read | Write, Read

BITFIELD BITS DESCRIPTION DECODE
0: MPC2 Low
MPC2Read 7 MPC2 State 1: MPC2 High (if MPC20D = 0) or Hi-Z (if
MPC20D = 1)
0: MPC2 connected to GND
MPC2 Output Value. : ) _
MPC20ut 4 Valid only if MPC2 is configured as output 1: MPC2 open drfc';‘ off (MPC20D =1) or
(MPC2HiZB = 1) connected to BK1OUT
(MPC20D = 0)
MPC2 Output Configuration. . .
MPC20D 3 Valid only if MPC2 is configured as output ?j mgg o guzz'gt‘;'irfonneded to BKIOUT
(MPC2HiZB = 1) : P
. N 0: MPC2 is Hi-Z. Input buffer enabled.
MPC2HiZB 2 MPC2 Direction 1: MPC2 is not Hi-Z. Output buffer enabled.
MPC2 Resistor Presence. . .
MPC2Res 1 Valid only if MPC2 is configured as input ?j E:i:zg Qgtnrc]ggt”ezczsd,vfgg'2pcz
(MPC2HizB = 0) :
MPC2 Resistor Configuration. .
MPC2Pup 0 Valid only if there is a resistor on MPC2 ‘1); ﬁﬂ::go";’g\‘j"””e"tgg;r?e'\é'tigiﬂcpz
(MPC2Res = 1) : pto VccINT
MPC3Cfg (0x6A)

BIT 7 6 5 4 3 2 1 0
Field MPC3Read - - MPC30ut | MPC30D | MPC3HiZB | MPC3Res | MPC3Pup
?;::)::ss Read Only - - Write, Read | Write, Read | Write, Read | Write, Read | Write, Read

BITFIELD BITS DESCRIPTION DECODE
0: MPC3 Low
MPC3Read 7 MPC3 State 1: MPC3 High (if MPC30D = 0) or Hi-Z (if
MPC30D = 1)
0: MPC3 connected to GND
MPC3 Output Value. : . _
MPC30ut 4 Valid only if MPC3 is configured as output 1: MPC3 open drain off (MPC30D =1) or
(MPC3HiZB = 1) connected to BK1OUT
(MPC30D = 0)
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BITFIELD BITS DESCRIPTION DECODE
MPC3 Output Configuration. . . .
MPC30D 3 Valid only if MPC3 is configured as output ?j MEgg :2 guz: S;J;Iirc]:onnected to BK1OUT
(MPC3HizB = 1) : P
. N 0: MPC3 is Hi-Z. Input buffer enabled.
MPC3HiZB 2 MPC3 Direction 1: MPC3 is not Hi-Z. Output buffer enabled.
MPC3 Resistor Presence. . .
MPC3Res 1 Valid only if MPC3 is configured as input (1); Eg:ig ggaﬁgz{‘e?tgdl\;gg’sPC3
(MPC3HiZB = 0) )
MPC3 Resistor Configuration. .
MPC3Pup 0 Valid only if there is a resistor on MPC3 0- Pulldown connected to MPC3

(MPC3Res = 1)

1: Pullup to VcenT connected MCP3

MPC4Cfg (0x6B)

BIT 7 6 5 4 3 2 1 0
Field MPC4Read - - MPC40ut | MPC40D | MPC4HiZB | MPC4Res | MPC4Pup
¢;::ss Read Only - - Write, Read | Write, Read | Write, Read | Write, Read | Write, Read

BITFIELD BITS DESCRIPTION DECODE
0: MPC4 Low
MPC4Read 7 MPC4 State 1: MPC4 High (if MPC40D = 0) or Hi-Z (if
MPC40D = 1)
0: MPC4 connected to GND
MPC4 Output Value. : . _
MPC40ut 4 Valid only if MPC4 is configured as output 1: MPC4 open drain off (MPC40D = 1) or
(MPCA4HIZB = 1) connected to BK1OUT
(MPC40D = 0)
MPC4 Output Configuration. . . )
MPC40D 3 Valid only if MPC4 is configured as output ‘1); mggj o 2”:: g;‘;’iﬁ"“”ecmd to BK1OUT
(MPC4HiZB = 1) : P
. N 0: MPC4 is Hi-Z. Input buffer enabled.
MPC4HIZB 2 MPC4 Direction 1: MPC4 is not Hi-Z. Output buffer enabled.
MPC4 Resistor Presence. . .
MPC4Res 1 Valid only if MPC4 is configured as input ‘1); E:i:ztg; ggaﬁggt”e%ctgdl\jggzpcd'
(MPC4HiZB = 0) :
MPC4 Resistor Configuration. .
MPC4Pup 0 Valid only if there is a resistor on MPC4 0 Pulldown connected to MPC4

(MPC4Res = 1)

1: Pullup to VcginT connected MCP4

MPC5Cfg (0x6C)

BIT 7 6 5 4 3 2 1 0
Field MPC5Read - - MPC50ut MPC50D MPC5HizB | MPC5Res MPC5Pup
?;;:ss Read Only - - Write, Read | Write, Read | Write, Read | Write, Read | Write, Read

BITFIELD BITS DESCRIPTION DECODE
0: MPC5 Low
MPC5Read 7 MPCS5 State 1: MPC5 High (if MPC50D = 0) or Hi-Z (if

MPC50D = 1)
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BITFIELD BITS DESCRIPTION DECODE
0: MPC5 connected to GND
MPC5 Output Value. : . _
MPC50ut 4 Valid only if MPC5 is configured as output 1: MPCS gpe’éiqag‘uc}ﬁ (MPC50OD = 1) or
(MPC5HIZB = 1) connected to
(MPC50D = 0)
MPCS5 Output Configuration. . . )
MPC50D 3 Valid only if MPCS5 is configured as output ‘1); mlzgg o 2”:: g;‘;’iﬁm”ecmd to BK1OUT
(MPC5HiZB = 1) : P
. N 0: MPC5 is Hi-Z. Input buffer enabled.
MPCSHiZB 2 MPCS Direction 1: MPC5 is not Hi-Z. Output buffer enabled.
MPC5 Resistor Presence. . .
MPC5Res 1 Valid only if MPCS5 is configured as input ‘1); E:i:ztg; gg;ﬁggtr:a?jctsdl\/:gcl\:ﬂspcs
(MPC5HiZB = 0) :
MPC5 Resistor Configuration .
MPC5Pup 0 Valid only if there is a resistor on MPC5 (1); ﬁﬁ::go";’gsonnecfgnt:e'\é'tzgi/lcp5
(MPC5Res = 1) : p 1o VceINT
MPC6Cfg (0x6D)

BIT 7 6 5 4 3 2 1 0
Field MPC6Read - - MPC60ut | MPCBOD | MPC6HiZB | MPC6Res | MPC6BPup
?;;:ss Read Only - - Write, Read | Write, Read | Write, Read | Write, Read | Write, Read

BITFIELD BITS DESCRIPTION DECODE
0: MPC6 Low
MPC6Read 7 MPC6 State 1: MPCB High (if MPC60D = 0) or Hi-Z (if
MPC60D = 1)
0: MPC6 connected to GND
MPC6 Output Value. : . _
MPC60ut 4 Valid only if MPCB is configured as output 1: MPC6 open drain off (MPC60D =1) or
(MPC6HIZB = 1) connected to BK10UT
(MPC60D = 0)
MPC6 Output Configuration. . .
MPC60D 3 Valid only if MPC is configured as output ?j mgg o guzz'gt‘;'irfonneded to BKIOUT
(MPC6HIZB = 1) : P
. N 0: MPC6 is Hi-Z. Input buffer enabled.
MPC6HiZB 2 MPC8 Direction 1: MPCB is not Hi-Z. Output buffer enabled.
MPC6 Resistor Presence. . .
MPC6Res 1 Valid only if MPC is configured as input ?j E:i:zg Qgtnrfggt”ezczsdw:gggp%
(MPC6HiZB = 0) :
MPC6 Resistor Configuration. .
MPC6Pup 0 Valid only if there is a resistor on MPC6 ‘1); ﬁﬂ::go";’g\‘j"””e"tgg;r?e'\é'tig?wcpe
(MPC6Res = 1) -rullupto Vecint
MPC7Cfg (0X6E)

BIT 7 6 5 4 3 2 1 0
Field MPC7Read - - MPC70ut | MPC70D | MPC7HiZB | MPC7Res | MPC7Pup
?;::)::ss Read Only - - Write, Read | Write, Read | Write, Read | Write, Read | Write, Read
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BITFIELD BITS DESCRIPTION DECODE
0: MPC7 Low
MPC7Read 7 MPC7 State 1: MPC7 High (if MPC70D = 0) or Hi-Z (if
MPC70D = 1)
0: MPC7 connected to GND
MPC?7 Output Value. : . _
MPC70ut 4 Valid only if MPC7 is configured as output 1: MPC7 open drain off (MPC70D = 1) or
(MPCTHIZB = 1) connected to BK1OUT
(MPC70D =0)
MPC7 Output Configuration. . . .
MPC70D 3 Valid only if MPC7 is configured as output (1); mlig; :2 2“22 g;‘;’iﬁor‘”ecmd to BK1OUT
(MPC7HiZB = 1) : P
. N 0: MPC7 is Hi-Z. Input buffer enabled.
MPCTHIZB 2 MPCT Direction 1: MPC?7 is not Hi-Z. Output buffer enabled.
MPC7 Resistor Presence. . .
MPC7Res 1 Valid only if MPC7 is configured as input (1); Eg:ig ggaﬁgz{‘eﬁgdﬁ/fgg’fm
(MPC7HiZB = 0) )
MPC?7 Resistor Configuration. .
MPC7Pup 0 Valid only if there is a resistor on MPC7 ?; l'zﬂ::ﬂo";’g\‘;°”"e°tcegntr‘]’e':ftzgiﬂcp7
(MPC7Res = 1) : pto VccINT
MPCItrSts (0x6F)
BIT 7 6 5 4 3 2 1 0
Field B B USBOkKMP 3 B BK3PgMPC | BK2PgMPC | BK1PgMPC
CSts Sts Sts Sts
?ccess - - Read Only - - Read Only Read Only Read Only
ype
BITFIELD BITS DESCRIPTION DECODE
USBOKMPC . . . 0: USBOk MPC power good interrupt not active
Sts 5 USBOKk dedicated MPC interrupt status bit 1: USBOK MPC power good interrupt active
BK3PgMPCS . . . 0: Buck3 MPC power good interrupt not active
ts 2 Buck3 dedicated MPC interrupt status bit 1 Buck3 MPC power good interrupt active
BK2PgMPCS . . . 0: Buck2 MPC power good interrupt not active
ts 1 Buck?2 dedicated MPC interrupt status bit 1: Buck2 MPC power good interrupt active
BK1PgMPCS . . . 0: Buck1 MPC power good interrupt not active
ts 0 Buck1 dedicated MPC interrupt status bit 1: Buck1 MPC power good interrupt active

BK1DedIntCfq (0x70)

control

BIT 7 6 5 4 3 2 1 0
Field BK1PGMP | BKIMPC6S | BKIMPC5S | BKIMPC4S | BK1IMPC3S | BK1MPC2S | BK1MPC1S | BK1MPCOS
Cint el el el el el el el
Access . . . . . . .
Type Read Only | Write, Read | Write, Read | Write, Read | Write, Read | Write, Read | Write, Read | Write, Read
BITFIELD BITS DESCRIPTION DECODE
0: No power-good status change
EtK1PGMPCI 7 Buck1 dedicated power-good interrupt 1: Buck1 power-good status change caused
interrupt
BK1MPC6Se 6 Buck1 PGOOD Interrupt MPC6 assignment 0: Buck1 PGOOD Interrupt not routed to MPC6

1: Buck1 PGOOD Interrupt routed to MPC6
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BITFIELD BITS DESCRIPTION DECODE
BK1MPC5Se 5 Buck1 PGOOD Interrupt MPC5 assignment 0: Buck1 PGOOD Interrupt not routed to MPC5
| control 1: Buck1 PGOOD Interrupt routed to MPC5
BK1MPC4Se 4 Buck1 PGOOD Interrupt MPC4 assignment 0: Buck1 PGOOD Interrupt not routed to MPC4
| control 1: Buck1 PGOOD Interrupt routed to MPC4
BK1MPC3Se 3 Buck1 PGOOD Interrupt MPC3 assignment 0: Buck1 PGOOD Interrupt not routed to MPC3
| control 1: Buck1 PGOOD Interrupt routed to MPC3
BK1MPC2Se 2 Buck1 PGOOD Interrupt MPC2 assignment 0: Buck1 PGOOD Interrupt not routed to MPC2
| control 1: Buck1 PGOOD Interrupt routed to MPC2
BK1MPC1Se 1 Buck1 PGOOD Interrupt MPC1 assignment 0: Buck1 PGOOD Interrupt not routed to MPC1
| control 1: Buck1 PGOOD Interrupt routed to MPC1
BK1MPCO0Se 0 Buck1 PGOOD Interrupt MPCO assignment 0: Buck1 PGOOD Interrupt not routed to MPCO
1

control

: Buck1 PGOOD Interrupt routed to MPCO

BK2DedIntCfg (0x71)

control

BIT 7 6 5 4 3 2 1 0
Field BK2PGMP | BK2MPC6S | BK2MPC5S | BK2MPC4S | BK2MPC3S | BK2MPC2S | BK2MPC1S | BK2MPCO0S
Cint el el el el el el el
Access . . . . . . .
Type Read Only | Write, Read | Write, Read | Write, Read | Write, Read | Write, Read | Write, Read | Write, Read
BITFIELD BITS DESCRIPTION DECODE

0: No power-good status change
EtKZPGMPCI 7 Buck2 dedicated power-good interrupt 1: Buck2 power-good status change caused

interrupt
BK2MPC6Se 6 Buck2 PGOOD Interrupt MPC6 assignment 0: Buck2 PGOOD Interrupt not routed to MPC6
| control 1: Buck2 PGOOD Interrupt routed to MPC6
BK2MPC5Se 5 Buck2 PGOOD Interrupt MPC5 assignment 0: Buck2 PGOOD Interrupt not routed to MPC5
| control 1: Buck2 PGOOD Interrupt routed to MPC5
BK2MPC4Se 4 Buck2 PGOOD Interrupt MPC4 assignment 0: Buck2 PGOOD Interrupt not routed to MPC4
| control 1: Buck2 PGOOD Interrupt routed to MPC4
BK2MPC3Se 3 Buck2 PGOOD Interrupt MPC3 assignment 0: Buck2 PGOOD Interrupt not routed to MPC3
| control 1: Buck2 PGOOD Interrupt routed to MPC3
BK2MPC2Se 2 Buck2 PGOOD Interrupt MPC2 assignment 0: Buck2 PGOOD Interrupt not routed to MPC2
| control 1: Buck2 PGOOD Interrupt routed to MPC2
BK2MPC1Se 1 Buck2 PGOOD Interrupt MPC1 assignment 0: Buck2 PGOOD Interrupt not routed to MPC1
| control 1: Buck2 PGOOD Interrupt routed to MPC1
BK2MPCO0Se 0 Buck2 PGOOD Interrupt MPCO assignment 0: Buck2 PGOOD Interrupt not routed to MPCO

1

: Buck2 PGOOD Interrupt routed to MPCO

BK3DedIntCfg (0x72)

BIT 7 6 5 4 3 2 1 0
Field BK3PGMP | BK3SMPC6S | BKSMPC5S | BKSMPC4S | BKSMPC3S | BKSMPC2S | BKSMPC1S | BK3MPCOS
Cint el el el el el el el
Access . . . . . . .
Type Read Only | Write, Read | Write, Read | Write, Read | Write, Read | Write, Read | Write, Read | Write, Read
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BITFIELD BITS DESCRIPTION DECODE
0: No power-good status change
EtKBPGMPCI 7 Buck3 dedicated power-good interrupt 1: Buck3 power-good status change caused
interrupt
BK3MPC6Se 6 Buck3 PGOOD Interrupt MPC6 assignment 0: Buck3 PGOOD Interrupt not routed to MPC6
| control 1: Buck3 PGOOD Interrupt routed to MPC6
BK3MPC5Se 5 Buck3 PGOOD Interrupt MPC5 assignment 0: Buck3 PGOOD Interrupt not routed to MPC5
| control 1: Buck3 PGOOD Interrupt routed to MPC5
BK3MPC4Se 4 Buck3 PGOOD Interrupt MPC4 assignment 0: Buck3 PGOOD Interrupt not routed to MPC4
| control 1: Buck3 PGOOD Interrupt routed to MPC4
BK3MPC3Se 3 Buck3 PGOOD Interrupt MPC3 assignment 0: Buck3 PGOOD Interrupt not routed to MPC3
| control 1: Buck3 PGOOD Interrupt routed to MPC3
BK3MPC2Se 2 Buck3 PGOOD Interrupt MPC2 assignment 0: Buck3 PGOOD Interrupt not routed to MPC2
| control 1: Buck3 PGOOD Interrupt routed to MPC2
BK3MPC1Se 1 Buck3 PGOOD Interrupt MPC1 assignment 0: Buck3 PGOOD Interrupt not routed to MPC1
| control 1: Buck3 PGOOD Interrupt routed to MPC1
BK3MPCO0Se 0 Buck3 PGOOD Interrupt MPCO assignment 0: Buck3 PGOOD Interrupt not routed to MPCO
1

control

: Buck3 PGOOD Interrupt routed to MPCO

HptDedIntCfg (0x73)

BIT 7 6 5 4 3 2 1 0
Field HptStatDedl | HPTMPC6S | HPTMPC5S | HPTMPC4S | HPTMPC3S | HPTMPC2S | HPTMPC1S | HPTMPCOS
nt el el el el el el el
Access . . . . . . .
Type Read Only | Write, Read | Write, Read | Write, Read | Write, Read | Write, Read | Write, Read | Write, Read
BITFIELD BITS DESCRIPTION DECODE
HptStatDedIn . . . . 0: No Haptic driver status change
t 7 Haptic Driver dedicated interrupt 1: Haptic driver status change caused interrupt
HPTMPC6Se 6 Haptic Driver Interrupt MPC6 assignment 0: Haptic Driver Interrupt not routed to MPC6
| control 1: Haptic Driver Interrupt routed to MPC6
HPTMPC5Se 5 Haptic Driver Interrupt MPC5 assignment 0: Haptic Driver Interrupt not routed to MPC5
| control 1: Haptic Driver Interrupt routed to MPC5
HPTMPC4Se 4 Haptic Driver Interrupt MPC4 assignment 0: Haptic Driver Interrupt not routed to MPC4
| control 1: Haptic Driver Interrupt routed to MPC4
HPTMPC3Se 3 Haptic Driver Interrupt MPC3 assignment 0: Haptic Driver Interrupt not routed to MPC3
| control 1: Haptic Driver Interrupt routed to MPC3
HPTMPC2Se 2 Haptic Driver Interrupt MPC2 assignment 0: Haptic Driver Interrupt not routed to MPC2
| control 1: Haptic Driver Interrupt routed to MPC2
HPTMPC1Se 1 Haptic Driver Interrupt MPC1 assignment 0: Haptic Driver Interrupt not routed to MPC1
| control 1: Haptic Driver Interrupt routed to MPC1
HPTMPCO0Se 0 Haptic Driver Interrupt MPCO assignment 0: Haptic Driver Interrupt not routed to MPCO
| control 1: Haptic Driver Interrupt routed to MPCO
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BIT 7 6 5 4 3 2 1 0
Field ADCStatMP | ADCMPC6 | ADCMPC5 | ADCMPC4 | ADCMPC3 | ADCMPC2 | ADCMPC1 | ADCMPCO
Cint Sel Sel Sel Sel Sel Sel Sel
Access . . . . . . .
Type Read Only | Write, Read | Write, Read | Write, Read | Write, Read | Write, Read | Write, Read | Write, Read
BITFIELD BITS DESCRIPTION DECODE
ADCStatMP 7 ADC Conversion complete dedicated 0: No ADC end of conversion status change
Clint interrupt 1: ADC end of conversion caused interrupt
0: ADC End of Conversion Interrupt not routed to
ADCMPC6S 6 ADC End Of Conversion Interrupt MPC6 MPC6
el assignment control 1: ADC End of Conversion Interrupt routed to
MPC6
0: ADC End of Conversion Interrupt not routed to
ADCMPC5S 5 ADC End Of Conversion Interrupt MPC5 MPC5
el assignment control 1: ADC End of Conversion Interrupt routed to
MPC5
0: ADC End of Conversion Interrupt not routed to
ADCMPC4S 4 ADC End Of Conversion Interrupt MPC4 MPC4
el assignment control 1: ADC End of Conversion Interrupt routed to
MPC4
0: ADC End of Conversion Interrupt not routed to
ADCMPC3S 3 ADC End Of Conversion Interrupt MPC3 MPC3
el assignment control 1: ADC End of Conversion Interrupt routed to
MPC3
0: ADC End of Conversion Interrupt not routed to
ADCMPC2S 2 ADC End Of Conversion Interrupt MPC2 MPC2
el assignment control 1: ADC End of Conversion Interrupt routed to
MPC2
0: ADC End of Conversion Interrupt not routed to
ADCMPC1S 1 ADC End Of Conversion Interrupt MPC1 MPCA1
el assignment control 1: ADC End of Conversion Interrupt routed to
MPC1
0: ADC End of Conversion Interrupt not routed to
ADCMPCO0S 0 ADC End Of Conversion Interrupt MPCO MPCO
el assignment control 1: ADC End of Conversion Interrupt routed to
MPCO
USBOkDedIntCfg (0x75)
BIT 7 6 5 4 3 2 1 0
Field USBOKMP | USBOKMP | USBOKMP | USBOkKMP | USBOKMP | USBOkMP | USBOkMP | USBOkMP
Cint C6Sel C5Sel C48Sel C3Sel C28Sel C1Sel CO0Sel
%(,:;:ss Read Only | Write, Read | Write, Read | Write, Read | Write, Read | Write, Read | Write, Read | Write, Read
BITFIELD BITS DESCRIPTION DECODE
USBOKMPCI . 0: No USBOKk status change
nt 7 USBOk dedicated Power-Good Interrupt 1: USBOKk status change caused interrupt
USBOKMPC 6 USBOk Dedicated Interrupt MPC6 0: USBOK Interrupt not routed to MPC6
6Sel assignment control 1: USBOK Interrupt routed to MPC6
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BITFIELD BITS DESCRIPTION DECODE
USBOKMPC 5 USBOk Dedicated Interrupt MPC5 0: USBOK Interrupt not routed to MPC5
5Sel assignment control 1: USBOK Interrupt routed to MPC5
USBOKMPC 4 USBOKk Dedicated Interrupt MPC4 0: USBOK Interrupt not routed to MPC4
4Sel assignment control 1: USBOK Interrupt routed to MPC4
USBOKMPC 3 USBOk Dedicated Interrupt MPC3 0: USBOK Interrupt not routed to MPC3
3Sel assignment control 1: USBOK Interrupt routed to MPC3
USBOKMPC 2 USBOk Dedicated Interrupt MPC2 0: USBOK Interrupt not routed to MPC2
2Sel assignment control 1: USBOK Interrupt routed to MPC2
USBOKMPC 1 USBOk Dedicated Interrupt MPC1 0: USBOK Interrupt not routed to MPC1
1Sel assignment control 1: USBOK Interrupt routed to MPC1
USBOKMPC 0 USBOk Dedicated Interrupt MPCO 0: USBOK Interrupt not routed to MPCO
0Sel assignment control 1: USBOK Interrupt routed to MPCO

LEDCommon (0x78)

BIT 7 6 5 4 3 \ 2 1 \ 0

Field LED_Boost - - LED_Open[2:0] LEDIStep[1:0]

Loop
Access Write, Read - - Read Only Write, Read
Type
BITFIELD BITS DESCRIPTION DECODE

0: Boost voltage is unrelated to LEDO dropout
voltage.

IC;ED—BOOStL 7 Boost/LEDO closed-loop operation control 1: Boost voltage is incresed respect to BstVSet to

P adjust LEDO dropout voltage according to

LEDO_REFSEL bits. Maximum increment is 5V.
Bit 0 =0: 0=V gpo > VLED_DET Or all LED
disabled
1=ViLEpo = VLED_DET or LEDO only disabled
Bit1=1:0=VLEp1 > VLED pET Or all LED

LED_Open 4:2 LEDx open detection (Read only) disabled
1=VLEDp1 £ VLED DET or LED1 only disabled
Bit2=1:0=V_gp2 > VLED DET or all LED
disabled -
1=V Ep2 = VLED DET or LED2 only disabled
00: 0.6mA

. . 01:1.0mA

LEDIStep 1:0 LED current step-size control 10- 1.2mA

11: RESERVED
LEDORef (0x79)

BIT 7 6 5 4 3 2 1 \ 0
Field - - - - - - LEDO_REFSEL[1:0]
Access - - - - - - Write, Read
Type

BITFIELD BITS DESCRIPTION DECODE
00: 0.2V
LEDO_REFS 10 LEDO dropout regulation voltage (valid only if | 01: 0.3V
EL ’ LED_BoostLoop = 1) 10: 0.4V
11: 0.5V
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LEDOCtr (0x7A)

BIT

6 \ 5 4 \

| 2 | 1 ] o

Field

LEDOEN[2:0]

LEDOISet[4:0]

Access
Type

Write, Read

Write, Read

BITFIELD

BITS

DESCRIPTION

DECODE

LEDOEn

75

LEDO driver enable

000:
001:
010:
011:
100:
101:
110:
111:

Off

LEDO On

Controlled by internal charger status signal
Controlled by MPC3

Controlled by MPC4

Controlled by MPC5

Controlled by MPC6

Controlled by MPC7

LEDOISet

4:0

LEDO Direct Step Count.
LEDO current in mA is given by (LEDO_I[4:0]
+ 1) x LEDIStep[1:0]

00000: 0.6mA/1.0mA/1.2mA
00001: 1.2mA/2.0mA/2.4mA
00010: 1.8mA/3.0mA/3.6mA
00011: 2.4mA/4.0mA/4.8mA
00100: 3.0mA/5.0mA/6.0mA
00101: 3.6mA/6.0mA/7.2mA
00110: 4.2mA/7.0mA/8.4mA
00111: 4.8mA/8.0mA/9.6mA
01000: 5.4mA/9.0mA/10.8mA
01001: 6.0mA/10.0mA/12.0mA
01010: 6.6mA/11.0mA/13.2mA
01011: 7.2mA/12.0mA/14.4mA
01100: 7.8mA/13.0mA/15.6mA
01101: 8.4mA/14.0mA/16.8mA
01110: 9.0mA/15.0mA/18.0mA
01111: 9.6mA/16.0mA/19.2mA
10000: 10.2mA/17.0mA/20.4mA
10001: 10.8mA/18.0mA/21.6mA
10010: 11.4mA/19.0mA/22.8mA
10011: 12.0mA/20.0mA/24.0mA
10100: 12.6mA/21.0mA/25.2mA
10101: 13.2mA/22.0mA/26.4mA
10110: 13.8mA/23.0mA/27.6mA
10111: 14.4mA/24.0mA/28.8mA
11000: 15.0mA/25.0mA/30.0mA

LED1Ctr (0x7B)

BIT

6 ] 5 4

\ 2 | 1 0

Field

LED1En[2:0]

LED1ISet[4:0]

Access
Type

Write, Read

Write, Read
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BITFIELD BITS DESCRIPTION DECODE

000: Off

001: LED1 On

010: Controlled by internal charger status signal
011: Controlled by MPC3

100: Controlled by MPC4

101: Controlled by MPC5

110: Controlled by MPC6

111: Controlled by MPC7

00000: 0.6mA/1.0mA/1.2mA
00001: 1.2mA/2.0mA/2.4mA
00010: 1.8mA/3.0mA/3.6mA
00011: 2.4mA/4.0mA/4.8mA
00100: 3.0mA/5.0mA/6.0mA
00101: 3.6mA/6.0mA/7.2mA
00110: 4.2mA/7.0mA/8.4mA
00111: 4.8mA/8.0mA/9.6mA
01000: 5.4mA/9.0mA/10.8mA
01001: 6.0mA/10.0mA/12.0mA
01010: 6.6mA/11.0mA/13.2mA
LED1 Direct Step Count. 01011: 7.2mA/12.0mA/14.4mA
LED11Set 4:0 LED1 current in mA is given by (LED1_1[4:0] | 01100: 7.8mA/13.0mA/15.6mA
+ 1) x LEDIStep[1:0] 01101: 8.4mA/14.0mA/16.8mA
01110: 9.0mA/15.0mA/18.0mA
01111: 9.6mA/16.0mA/19.2mA
10000: 10.2mA/17.0mA/20.4mA
10001: 10.8mA/18.0mA/21.6mA
10010: 11.4mA/19.0mA/22.8mA
10011: 12.0mA/20.0mA/24.0mA
10100: 12.6mA/21.0mA/25.2mA
10101: 13.2mA/22.0mA/26.4mA
10110: 13.8mA/23.0mA/27.6mA
10111: 14.4mA/24.0mA/28.8mA
11000: 15.0mA/25.0mA/30.0mA

LED1EN 75 LED1 driver enable

LED2Ctr (0x7C)
BIT 7 | 6 | 5 4 3 | 2 | 1 0
Field LED2En[2:0] LED2ISet[4:0]

Access
Type

BITFIELD BITS DESCRIPTION DECODE

000: Off

001: LED2 On

010: Controlled by internal charger status signal
011: Controlled by MPC3

100: Controlled by MPC4

101: Controlled by MPC5

110: Controlled by MPC6

111: Controlled by MPC7

Write, Read Write, Read

LED2En 75 LED2 driver enable
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BITFIELD BITS DESCRIPTION DECODE
00000: 0.6mA/1.0mA/1.2mA
00001: 1.2mA/2.0mA/2.4mA
00010: 1.8mA/3.0mA/3.6mA
00011: 2.4mA/4.0mA/4.8mA
00100: 3.0mA/5.0mA/6.0mA
00101: 3.6mA/6.0mA/7.2mA
00110: 4.2mA/7.0mA/8.4mA
00111: 4.8mA/8.0mA/9.6mA
01000: 5.4mA/9.0mA/10.8mA
01001: 6.0mA/10.0mA/12.0mA
01010: 6.6mA/11.0mA/13.2mA
LED2 Direct Step Count. 01011: 7.2mA/12.0mA/14.4mA
LED2ISet 4:0 LED2 current in mA is given by (LED2_1[4:0] | 01100: 7.8mA/13.0mA/15.6mA
+ 1) x LEDIStep[1:0] 01101: 8.4mA/14.0mA/16.8mA
01110: 9.0mA/15.0mA/18.0mA
01111: 9.6mA/16.0mA/19.2mA
10000: 10.2mA/17.0mA/20.4mA
10001: 10.8mA/18.0mA/21.6mA
10010: 11.4mA/19.0mA/22.8mA
10011: 12.0mA/20.0mA/24.0mA
10100: 12.6mA/21.0mA/25.2mA
10101: 13.2mA/22.0mA/26.4mA
10110: 13.8mA/23.0mA/27.6mA
10111: 14.4mA/24.0mA/28.8mA
11000: 15.0mA/25.0mA/30.0mA
PEN (0x7D)

BIT 7 6 5 4 3 2 1 0
Field - - - - - - PFN2Pin PFN1Pin
Access
Type - - - - - - Read Only | Read Only

BITFIELD BITS DESCRIPTION DECODE
. 0: PFN2 not active
PFN2Pin 1 Status of PFN2 1- PEN2 active
. 0: PFN1 not active
PFN1Pin 0 Status of PFN2 1- PEN1 active
BootCfg (0x7E)

BIT 7 6 | 5 \ 4 3 2 | 1 0
Field PwrRstCfg[3:0] SftRstCfg BootDly[1:0] ChgAlwTry
?ccess Read Only Read Only Read Only Read Only

ype
BITFIELD BITS DESCRIPTION DECODE
Power Reset Configuration.
Determines how the device turns on, off, and
PwrRstCfg 74 enters hard-/soft-reset. See PwrRstCfg
Settings (Table 4) for PwrRstCfg values and
their associated behaviors.
Soft-Reset Configuration. 0 Hold register contents
SftRstCfg 3 Indicates whether registers are held or reset : g1
: 1: Reset registers to default
to default during a soft-reset.
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BITFIELD BITS DESCRIPTION DECODE
Boot delay. 00: 80ms
BootDI 2:1 The boot period when the sequencing engine | 01: 120ms
y ’ turns on features with sequence bits 010, 10: 220ms
011, and 100. 11: 420ms

SYS UVLO automatic retry.

Determines what happens when a SYS
UVLO event occurs during the boot process
with CHGIN present.

0: Part latches off until CHGIN is removed
1: Part retries to boot after tcHg RETRY TMO
delay if CHGIN is still present B

ChgAlwTry 0

PwrCfg (0x7F)

BIT 7 6 5 4 3 2 1 0
Field - - - - - - - StayOn
Access - - - - - - - Write, Read
Type

BITFIELD BITS DESCRIPTION DECODE

This bit is used to ensure that the processor
booted correctly. This bit must be set within
5s of power-on to prevent the part from 0: Shut down 5s after power-on

StayOn 0 shutting down and returning to the power-off | 1: Stay on
condition. This bit has no effect after being
set.
PwrCmd (0x80)
BIT 7 6 5 4 \ 3 \ 2 1 0
Field PwrCmd[7:0]
Access Write, Read
Type
BITFIELD BITS DESCRIPTION DECODE
0xB2: PWR_OFF_CMD: Places the part in OFF
mode
Power Command Register. 0xC3: PWR_HR_CMD: Issues a hard-reset (power
Writing the following values issues the cycle)
command listed. 0xD4: PWR_SR_CMD: Issues a soft-reset (reset
PwrCmd 7:0 After the written value has been validated by | pulse only)
’ the internal logic, this register is cleared O0xE5: PWR_SEAL_CMD: Places the part in Seal
automatically. Any other commands are mode
ignored. See PwrRstCfg Settings for the Available only for PwrRstCfg 1011 and 1100
available PwrCmd for each PwrRstCfg value. | OxF6: PWR_BR_CMD: Places the Part in Battery
Recovery Mode
available only if HrvEn=1

BuckCfg (0x81)

BIT 7 6 5 4 3 2 1 0
Field Bk2FrcDCM | Bk1FrcDCM | Bk3DVSCur | Bk2DVSCur | Bk1DVSCur | Bk3LowBW | Bk2LowBW | Bk1LowBW
¢;::ss Write, Read | Write, Read | Write, Read | Write, Read | Write, Read | Write, Read | Write, Read | Write, Read
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BITFIELD BITS DESCRIPTION
Buck 2 Forced Discontinuous Conduction Mode (DCM).
Improves light load efficiency at the expense of load regulation error at higher
BK2FrcDCM 7 loads. This should only be used if the expected maximum load is less than
50mA
0 = Normal operation
1 = Forced DCM operation
Buck 1 Forced Discontinuous Conduction Mode (DCM).
Improves light load efficiency at the expense of load regulation error at higher
Bk1FrcDCM 6 loads. This should only be used if the expected maximum load is less than
50mA
0 = Normal operation
1 = Forced DCM operation
Buck 3 DVS Valley Current Selection.
Bk3DVSCur 5 0 = 500mA valley current during DVS transition
1 =1000mA valley current during DVS transition
Buck 2 DVS Valley Current Selection.
Bk2DVSCur 4 0 = 500mA valley current during DVS transition
1 =1000mA valley current during DVS transition
Buck 1 DVS Valley Current Selection.
Bk1DVSCur 3 0 = 500mA valley current during DVS transition
1 =1000mA valley current during DVS transition
Buck 3 Low Bandwidth Mode.
This mode reduces the amount of capacitance required to minimize jitter
BK3LowBW > when _transmonlng from D_CM tq CCM. If this bit is enabled, the output
capacitance requirement is cut in half.
0 = High bandwidth mode
1 = Low bandwidth mode
Buck 2 Low Bandwidth Mode.
This mode reduces the amount of capacitance required to minimize jitter
Bk2LowBW 1 when _transmonlng from D_CM tq CCM. If this bit is enabled, the output
capacitance requirement is cut in half.
0 = High bandwidth mode
1 = Low bandwidth mode
Buck 1 Low Bandwidth Mode.
This mode reduces the amount of capacitance required to minimize jitter
Bk1LowBW 0 when .transmonlng from D.CM tq CCM. If this bit is enabled, the output
capacitance requirement is cut in half.
0 = High bandwidth mode
1 = Low bandwidth mode
LockMsk (0x83)

BIT 7 6 5 4 3 2 1 0
Field LD2Lck LD1Lck BBLck BstlLck BK3Lck BK2Lck BK1Lck ChgLck
¢;::ss Write, Read | Write, Read | Write, Read | Write, Read | Write, Read | Write, Read | Write, Read | Write, Read

BITFIELD BITS DESCRIPTION DECODE
0: LDO2 registers not masked from locking/
LD2Lck 7 Lock Mask for LDO2 registers unlocking

1: LDO2 registers masked from locking/unlocking
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BITFIELD

BITS

DESCRIPTION

DECODE

LD1Lck

Lock Mask for LDO1 registers

0: LDO1 registers not masked from locking/
unlocking
1: LDO1 registers masked from locking/unlocking

BBLck

Lock Mask for buck-boost registers

0: Buck-Boost registers not masked from locking/
unlocking

1: Buck-Boost registers masked from locking/
unlocking

BstlLck

Lock Mask for boost registers

0x0: Boost registers not masked from locking/
unlocking

0x1: Boost registers masked from locking/
unlocking

BK3Lck

Lock Mask for Buck3 registers

0x0: Buck3 registers not masked from locking/
unlocking

0x1: Buck3 registers masked from locking/
unlocking

BK2Lck

Lock Mask for Buck?2 registers

0x0: Buck?2 registers not masked from locking/
unlocking

0x1: Buck2 registers masked from locking/
unlocking

BK1Lck

Lock Mask for Buck1 registers

0x0: Buck1 registers not masked from locking/
unlocking

0x1: Buck1 registers masked from locking/
unlocking

ChglLck

Lock Mask for charger registers

0x0: Charger registers not masked from locking/
unlocking

0x1: Charger registers masked from locking/
unlocking

LockUnlock (0x84)

BIT 7 6 5 4 \ 3 \ 2 1 0

Field PASSWD[7:0]

Access Write, Read

Type

BITFIELD BITS DESCRIPTION DECODE
Lock/Unlock Password.
Locks or unlocks all unmasked functions set
in the Lock Mask register 0x83 when the 0x55: Unlock unmasked functions
. correct password is written. Reading this

PASSWD 70 register returns the current lock state of the O0xAA: Lock unmasked functions
functions. Locked functions return 1 and All Other Codes: No effect
unlocked functions return 0. Functions are
organized in the same order as register 0x83.

SFOUTCtr (0x86)

BIT 7 6 5 4 3 2 1 0
Field SFOUtTvse - - - - - SFOUTEN[1:0]
Access Write, Read - - - - - Write, Read
Type
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BITFIELD BITS DESCRIPTION DECODE

SFOUTVSet 7 SFOUT LDO output voltage setting. (1) gg\\j
0x0: Disabled (regardless of CHGIN state).
0x1: Enabled when CHGIN input voltage is
present.

SFOUTEN 1:0 SFOUT LDO enable configuration. 0x2: Enabled when CHGIN input voltage is present
and controlled by MPC_ (see SFOUTMPC _ bits in
register 0x87)
0x3: Reserved.

SFOUTMPC (0x87)
BIT 7 6 5 4 3 2 1 0

Field SFOUTMP | SFOUTMP | SFOUTMP | SFOUTMP | SFOUTMP | SFOUTMP | SFOUTMP | SFOUTMP

Cc7 C6 C5 C4 C3 C2 C1 Cco
¢;::ss Write, Read | Write, Read | Write, Read | Write, Read | Write, Read | Write, Read | Write, Read | Write, Read
BITFIELD BITS DESCRIPTION DECODE
SFOUT MPC7 Enable Control. .
fFOUTMPC 7 If multiple MPCs are selected, SFOUT is ‘1); gigﬂ gg;tcrgﬂggnbedl\%gn;m
controlled by the logical OR of the MPCs. ’ Y
SFOUT MPC6 Enable Control. .
gFOUTMPC 6 If multiple MPCs are selected, SFOUT is ?j §E88$ ggatﬁzﬂgg”bedl\%yGPCG
controlled by the logical OR of the MPCs. ’ Y
SFOUT MPC5 Enable Control. .
?FOUTMPC 5 If multiple MPCs are selected, SFOUT is ?; gigﬂ ggatﬁgﬂgg”bed'\%g"spm’
controlled by the logical OR of the MPCs. ’ y
SFOUT MPC4 Enable Control. .
i’FOUTMPC 4 If multiple MPCs are selected, SFOUT is ?j gigﬂ gg;tcr‘;ﬂgg”bedl\%&m“
controlled by the logical OR of the MPCs. ’ Y
SFOUT MPC3 Enable Control. .
iFOUTMPC 3 If multiple MPCs are selected, SFOUT is ‘1); gigﬂ gg;tcrgﬂggnbedl\%gn;cs
controlled by the logical OR of the MPCs. ’ Y
SFOUT MPC2 Enable Control. .
SrouTMPe 2 If multiple MPCs are selected, SFOUT is O ST hot controlled by PC2
controlled by the logical OR of the MPCs. ’ y
SFOUT MPC1 Enable Control. .
?FOUTMPC 1 If multiple MPCs are selected, SFOUT is ?j §E83¥ ggazgﬂgglfdl\%yfm
controlled by the logical OR of the MPCs. ’ y
SFOUT MPCO Enable Control. .
gFOUTMPC 0 If multiple MPCs are selected, SFOUT is ?j gigﬂ gg;tcrgﬂggledl\%yopco
controlled by the logical OR of the MPCs. ’ Y
12C_OTP (0x88)
BIT 7 6 5 4 3 \ 2 1 0

Field OTPDIG__ADD[7:0]

Access Write, Read

Type
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BITFIELD BITS DESCRIPTION
. This is the address of the OTP reg file for OTP registers read back. OTP
OTPDIG_ADD 70 registers are filled with data from Sidense OTP block during boot.
12C_OTP (0x89)
BIT 7 6 4 \ 3 \ 2 1 0
Field OTPDIG__DAT[7:0]
Access
Type Read Only
BITFIELD BITS DESCRIPTION
OTPDIG__DAT 7:0 This is the OTP data read back.

www.maximintegrated.com

Maxim Integrated | 190



MAX20360 PMIC with Ultra-Low I Regulators, Charger,
Fuel Gauge, and Haptic Driver for
Small Li+ System

Applications Information

I12C Interface

The MAX20360 contains an 12C-compatible interface for data communication with a host controller (SCL and SDA). The
interface supports a clock frequency of up to 400kHz. SCL and SDA require pullup resistors that are connected to a
positive supply.

Start, Stop, and Repeated Start Conditions

When writing to the MAX20360 using the I12C interface, the master sends a START condition (S) followed by the
MAX20360 12C address. After the address, the master sends the register address of the register that is to be
programmed. The master then ends communication by issuing a STOP condition (P) to relinquish control of the bus, or
a REPEATED START condition (Sr) to communicate to another 12C slave. See Figure 36.

N

=

SCL

»
SDA

_—
|

Figure 36. I2C START, STOP, and REPEATED START Conditions

Slave Address

Set the Read/Write bit high to configure the MAX20360 to read mode. Set the Read/Write bit low to configure the
MAX20360 to write mode. The address is the first byte of information sent to the MAX20360 after the START condition.
The MAX20360 has three slave addresses. For the ADC and haptic driver registers, the slave address is 0xAQ/OxA1; for
the PMIC the slave address is 0x50/0x51; and for the fuel gauge, the slave address is 0x6C/0x6D.

Bit Transfer

One data bit is transferred on the rising edge of each SCL clock cycle. The data on SDA must remain stable during the
high period of the SCL clock pulse. Changes in SDA while SCL is high and stable are considered control signals (see the
Start, Stop. and Repeated Start Conditions section). Both SDA and SCL remain high when the bus is not active.

Single-Byte Write
In this operation, the master sends an address and two data bytes to the slave device (Figure 37). The following
procedure describes the single byte write operation:

The master sends a START condition.

The master sends the 7-bit slave address plus a write bit (low).

The addressed slave asserts an ACK on the data line.

The master sends the 8-bit register address.

The slave asserts an ACK on the data line only if the address is valid (NAK if not).
The master sends 8 data bits.

The slave asserts an ACK on the data line.

The master generates a STOP condition.
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I:I FROM MASTER TO SLAVE

I:I FROM SLAVE TO MASTER

WRITE SINGLE BYTE
S |—Pp»  DEVICE SLAVE ADDRESS-W A —p REGISTER ADDRESS A —I
L} 8 DATABITS A —p P

Figure 37. Write Byte Sequence

Burst Write

In this operation, the master sends an address and multiple data bytes to the slave device (Figure 38). The slave device
automatically increments the register address after each data byte is sent, unless the register being accessed is 0x00, in
which case the register address remains the same. The following procedure describes the burst write operation:

The master sends a START condition.

The master sends the 8-bit register address.

The master sends 8 data bits.

The slave asserts an ACK on the data line.
Repeat 6 and 7 N-1 times.

The master generates a STOP condition.

The master sends the 7-bit slave address plus a write bit (low).
The addressed slave asserts an ACK on the data line.

The slave asserts an ACK on the data line only if the address is valid (NAK if not).

[ ] FrRoMMASTERTOSLAVE

I:I FROM SLAVE TO MASTER

BURST WRITE
,T’—» DEVICE SLAVE ADDRESS-W A > REGISTER ADDRESS A —|
|—> 8 DATABITS - 1 A —PI 8 DATABITS -2 | A H
|_> .................. 8 DATABITS-N A _>| P |

Figure 38. Burst Write Sequence
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Single Byte Read

In this operation, the master sends an address plus two data bytes and receives one data byte from the slave device
(Eigure 39). The following procedure describes the single byte read operation:

The master sends a START condition.

The master sends the 7-bit slave address plus a write bit (low).
The addressed slave asserts an ACK on the data line.

The master sends the 8-bit register address.

The slave asserts an ACK on the data line only if the address is valid (NAK if not).
The master sends a REPEATED START condition.

The master sends the 7-bit slave address plus a read bit (high).
The addressed slave asserts an ACK on the data line.

The slave sends 8 data bits.

The master asserts a NACK on the data line.

The master generates a STOP condition.

READ SINGLE BYTE

| S »| DEVICE SLAVE ADDRESS-W | A | I| REGISTER ADDRESS | A

I—»,T|->| DEVICE SLAVE ADDRESS-R | A |—>| 8 DATABITS | NA |—>|T|

[ ] rFrommasTERTOSLAVE

[ ] rromsiavETOMASTER

Figure 39. Read Byte Sequence

Burst Read

In this operation, the master sends an address plus two data bytes and receives multiple data bytes from the slave device
(Eigure 40). The following procedure describes the burst byte read operation:

The master sends a START condition.

The master sends the 7-bit slave address plus a write bit (low).
The addressed slave asserts an ACK on the data line.

The master sends the 8-bit register address.

The slave asserts an ACK on the data line only if the address is valid (NAK if not).
The master sends a REPEATED START condition.

The master sends the 7-bit slave address plus a read bit (high).
The slave asserts an ACK on the data line.

The slave sends 8 data bits.

The master asserts an ACK on the data line.

Repeat 9 and 10 N-2 times.

The slave sends the last 8 data bits.

The master asserts a NACK on the data line.

The master generates a STOP condition.
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BURST READ
S ||  DEVICE SLAVE ADDRESS-W A REGISTER ADDRESS A —|
|—> St |  DEVICE SLAVE ADDRESSR A | 8 DATABITS - 1 A _|
I—y 8 DATABITS -2 A P 8 DATABITS -3 A —|
|—> ------------------ — 8 DATABITS -N NA |l P
FROM MASTER TO SLAVE
FROM SLAVE TO MASTER

Figure 40. Burst Read Sequence

Acknowledge Bits

Data transfers are acknowledged with an acknowledge bit (ACK) or a not-acknowledge bit (NACK). Both the master and
the MAX20360 generate ACK bits. To generate an ACK, pull SDA low before the rising edge of the ninth clock pulse and
hold it low during the high period of the ninth clock pulse (see Figure 41). To generate a NACK, leave SDA high before
the rising edge of the ninth clock pulse and leave it high for the duration of the ninth clock pulse. Monitoring for NACK
bits allows for detection of unsuccessful data transfers.

NOT ACKNOWLEDGE

-

ACKNOWLEDGE

Figure 41. Acknowledge Bits
I2C Security Functions

Function Locking

All regulator voltages and the end-of-charge behavior of the charger can be locked. I2C writes to a locked bitfield have
no effect. To lock a function, its lock mask must be removed in the LockMsk register (see LockMsk). To remove the lock
mask, set the corresponding function mask bit to 0. By writing the lock password OxAA to the LockUnlock register (see
LockUnlock), all unmasked functions are locked. To unlock functions, repeat the mask/unmask process and write the
unlock password 0x55 to the LockUnlock register (see LockUnlock). Registers covered by the lock functions are denoted
by an asterisk in the register map.

Secure Writes with Fletcher-16 Checksum

The MAX20360 includes an optional safe 12C-write mode for the registers contained under the PMIC slave address
(SLAVE_ID 0x50). When enabled, only single-byte writes are allowed on the PMIC address and each write sequence
must be followed by a two-byte checksum (see Figure 42 for the write sequence). In the event that the checksum
evaluation returns TRUE, the PMIC immediately writes the value of the write to the appropriate register. In the event that
the checksum evaluation returns FALSE, the write is not performed and an interrupt indicating write failure is sent to the
system microcontroller.
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The fletcher checksum is calculated using the below equations:
CSUM1 = (SLAVE_ID + REG_ADD + DATA) + 255
CSUM2 = ((3 x SLAVE_ID) + (2 x REG_ADD) + (DATA)) + 255

Where SLAVE_ID = 0x50, REG_ADD is the register address being written, DATA is the byte of data to be written, and
+ is the modulo function. The write sequence is as shown in Figure 42 below.

| REGISTER WRITTEN
—»-HERE ON CHECKSUM
SUCCESS

[ s | PmicsLave ID(WRITE) [ A [ REGISTER ADDRESS | A | DATA [ ] CRC12 [ A] CRC22 | A |

NAK IN CASE OF
CHECKSUM FAILURE

Figure 42. I2C Writes on PMIC Slave Address with Fletcher-16 Checksum

Default Bits

Table 8 shows the default settings for different versions. These default values are OTP programmable. Some bits can be
changed through the I12C interface after power-up while some bits are set through OTP.

Table 8. Device Default Settings

FIELD EV KIT MAX20360A MAX20360B
SysMin Vit 3.6V 4.0V 4.0V
ILimBlank Disabled Disabled Disabled
ILimCntl 450mA 450mA 450mA
IChgDone 30% IrcHG 10% IFcHG 10% IFcHG
ChgBatReChg ChgBatReg - 70mV ChgBatReg - 120mV ChgBatReg - 120mV
ChgBatReg 4.35V 4.20V 4.20V
ChgEn Enabled Enabled Enabled
PChgTmr 60min 30min 30min
VPChg 3.15V 3.00Vv 3.00V
1PChg 5% IFCHG 10% IFcHG 5% IFcHG
ChgStepHys 400mV 400mV 400mV
ChgStepRise 3.80V 4.55V 4.55V
ChgAutoStop Enabled Enabled Enabled
ChgAutoReSta Enabled Enabled Enabled
MtChgTmr 60min 30min 30min
FChgTmr 600min 150min 150min
ChglStep 100% IrcHG 100% IrcHG 100% IrcHG
HrvBatRegq N/A N/A 4.20V
HrvThmEn N/A N/A Cool/Room/Warm
ChgThmEn Cool/Room Cool/Room Cool/Room
VSysUvlo 2.7V 3.0v 3.0V
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Table 8. Device Default Settings (continued)

FIELD EV KIT MAX20360A MAX20360B
HrvThmDis N/A N/A Force SYS-to-BAT Ideal Diode
HrvBatSys N/A N/A Direct if VpaT < HrvBatReg
HrvBatReChg N/A N/A HrvBatReg - 120mV
Bk1Step 10mV 10mV 50mV
Buck1VSet 1.10V 0.70vV 1.80V
Bk2Step 25mV 10mV 10mV
Buck2VSet 1.800V 1.05V 1.05V
Bk3Step 50mV 50mV 50mV
Buck3VSet 3.20V 1.85V 1.80V
Buck1FETScale Disabled Disabled Disabled
Buck1En Disabled Disabled Disabled
Buck2En Disabled Enabled Enabled
Buck2FETScale Disabled Disabled Disabled
Buck3FETScale Disabled Disabled Disabled
Buck3En Disabled Enabled Enabled
Buck3DisLDO LDO Enabled Buck Always Buck Always
BBstVSet 5.00V 5.00V 5.00V
BBstMode Buck-Boost Buck-Boost Buck-Boost
BBstEn Disabled Disabled Disabled
LDO1Mode LDO Load Switch Load Switch
LDO1En Disabled Disabled Disabled
BBstFast Low Ig Low Iq Low Ig
BBstFETScale Disabled Disabled Disabled
LDO2En Disabled Enabled Enabled
LDO1VSet 0.500V 1.850V 1.800V
LSW1En Disabled Disabled Disabled
LDO2VSet 0.9v 1.8V 1.8V
LDO2Supply External Internal Internal
LDO2Mode LDO LDO LDO
CPVSet 5.0V 5.0V 5.0V
ChgPmpEn Disabled Disabled Disabled
LSW2Lowlq Low-Ig Protected Protected
LSWZ2En Disabled Disabled Disabled
LSW1lLowlq Low-Ig Protected Protected
BstVSet 12.00V 20.00V 20.00V
Bk1DVSCur 1A 0.5A 0.5A
Bk1LowBW Full BW Full BW Full BW
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Table 8. Device Default Settings (continued)

FIELD EV KIT MAX20360A MAX20360B
Bk1FrcDCM Normal Mode Normal Mode Normal Mode
Bk2DVSCur 1A 0.5A 0.5A
Bk2LowBW Full BW Full BW Full BW
Bk2FreDCM Normal Mode Normal Mode Normal Mode
Bk3DVSCur 1A 0.5A 0.5A
Bk3LowBW Full BW Full BW Full BW
INT_MSK_DIS INT mask until 100% Boot INT mask until 100% Boot INT mask until 100% Boot
BstEn Disabled Disabled Disabled
PwrRstCfg 1011 1011 1011
SftRstCfg Reset Regs Reset Regs Reset Regs
BootDly 80ms 80ms 80ms
ChgAlwTry Retry Retry Retry
StayOn Enabled Enabled Enabled
SFOUTVSet 3.3V 3.3V 3.3V
SFOUTEn CHGIN CHGIN CHGIN
UsbOkselect CHGIN Rise CHGIN Rise CHGIN Rise
LDO1Seq LDO1En After 100% LDO1EnN After 100% LDO1EnN After 100%
BBstSeq BBstEn After 100% BBstEn After 100% BBstEn After 100%
IBatOc 1600mA 1400mA 1400mA
BuckiSeq Buck1En After 100% Buck1En After 100% Buck1En After 100%
Buck2Seq Buck2En After 100% 50% 50%

Buck3Seq Buck3En After 100% 25% 25%

LSW1Seq LSW1En After 100% LSW1En After 100% LSW1En After 100%
BoostSeq BstEn After 100% BstEn After 100% BstEn After 100%
LDO2Seq LDO2En After 100% 0% 0%

ChgPmpSeq ChgPmpEn After 100% ChgPmpEn After 100% ChgPmpEn After 100%
LSW2Seq LSW2En After 100% LSW2En After 100% LSW2En After 100%
PFN1RES Connect Resistor Connect Resistor Connect Resistor
PFN1PU Pullup Pullup Pullup

PFN2RES No Resistor No Resistor No Resistor
PFN2PU N/A N/A N/A

HrvEn Disabled Disabled Enabled
i2c_crc_ena Enabled Enabled Enabled
i2c_tmo_ena Enabled Enabled Enabled

DrvTmo Disabled Disabled Disabled

HptSel LRA LRA LRA

ILimMax 1000mA 450mA 450mA
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Table 8. Device Default Settings (continued)

FIELD EV KIT MAX20360A MAX20360B
JEITASet T4 = 25.53%, T3 = 32.94% T4 = 25.53%, T3 = 32.94% T4_HARV = 14.51%, T3 = 32.94%
TShdn 120°C 120°C 120°C

Register Defaults
Table 9 shows the default values of all the registers.

Table 9. I2C Direct Register Defaults

SLAVE ADDRESS REGISTER ADD REGISTER NAME EV KIT MAX20360A MAX20360B
0xAO0 0x00 HptStatus0 0x00 0x00 0x00
0xAO0 0x01 HptStatus1 0x00 0x00 0x00
0xA0 0x02 HptStatus2 0x00 0x00 0x00
0xA0 0x03 HptInt0 0x00 0x00 0x00
0xAO0 0x04 Hptint1 0x00 0x00 0x00
0xAO0 0x05 HptInt2 0x00 0x00 0x00
0xA0 0x06 HptintMask0 0x00 0x00 0x00
0xA0 0x07 HptintMask1 0x00 0x00 0x00
0xAO0 0x08 HptintMask2 0x00 0x00 0x00
0xAO0 0x09 HptControl 0x00 0x00 0x00
0xA0 0x0A HptRTI2CPat 0x00 0x00 0x00
0xA0 0x0B HptRAMPatAdd 0x00 0x00 0x00
0xAO0 0x0C HptProt 0x04 0x04 0x04
0xAO0 0x0D HptUnlock 0x00 0x00 0x00
0xA0 0x11 HPTCfg0 0x0E O0x0E O0x0E
0xA0 0x12 HPTCfg1 0x8B 0x8B 0x8B
0xAO0 0x13 HPTCfg2 0x8B 0x8B 0x8B
0xAO0 0x14 HPTCfg3 0x19 0x19 0x19
0xA0 0x15 HPTCfg4 0x03 0x03 0x03
0xA0 0x16 HPTCfg5 0x05 0x05 0x05
0xAO0 0x17 HPTCfg6 0x11 0x11 0x11
0xAO0 0x18 HPTCfg7 0x08 0x08 0x08
0xA0 0x19 HPTCfg8 Ox1F Ox1F Ox1F
0xA0 Ox1A HPTCfg9 0x84 0x84 0x84
0xAO0 0x1B HPTCfgA 0x07 0x07 0x07
0xAO0 0x1C HPTCfgB 0x40 0x40 0x40
0xA0 0x1D HPTCfgC 0xDO 0xDO 0xDO0
0xA0 Ox1E HPTCfgD 0x07 0x07 0x07
0xAO0 Ox1F HPTCfgE 0x06 0x06 0x06
0xAO0 0x20 HPTCfgF 0x24 0x24 0x24
0xA0 0x22 HptAutoTune 0x00 0x00 0x00
0xA0 0x23 BEMFPeriod0 0xDO 0xDO 0xDO
0xAO0 0x24 BEMFPeriod1 0x07 0x07 0x07
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Table 9. 12C Direct Register Defaults (continued)

SLAVE ADDRESS REGISTER ADD REGISTER NAME EV KIT MAX20360A MAX20360B
0xA0 0x30 HptETRGOdAmp Ox7F Ox7F Ox7F
0xA0 0x31 HptETRGOdDur 0x04 0x04 0x04
0xAO0 0x32 HptETRGACtAmp O0x3F Ox3F Ox3F
0xA0 0x33 HptETRGActDur 0x32 0x32 0x32
0xA0 0x34 HptETRGBrkAmp OxFF OxFF OxFF
0xA0 0x35 HptETRGBrkDur 0x20 0x20 0x20
0xA0 0x40 HptRAMAdd 0x00 0x00 0x00
0xAO0 0x41 HptRAMDataH - - -
0xA0 0x42 HptRAMDataM - - -
0xA0 0x43 HptRAMDataL - - -
0xA0 0x50 ADCEnN 0x00 0x00 0x00
0xAO0 0x51 ADCCfg 0x00 0x00 0x00
0xA0 0x53 ADCDatAvg 0x00 0x00 0x00
0xA0 0x54 ADCDatMin 0x00 0x00 0x00
0xAO0 0x55 ADCDatMax 0x00 0x00 0x00
0x50 0x00 ChipID 0x02 0x02 0x02
0x50 0x01 Status0 0x38 0x38 0x10
0x50 0x02 Status1 0x20 0x20 0x20
0x50 0x03 Status2 0x00 0x00 0x00
0x50 0x04 Status3 0x00 0x00 0x00
0x50 0x05 Status4 0x80 0x80 0x80
0x50 0x06 Int0 0x00 0x00 0x00
0x50 0x07 Int1 0x00 0x00 0x00
0x50 0x08 Int2 0x00 0x00 0x00
0x50 0x09 Int3 0x00 0x00 0x00
0x50 0x0A IntMask0 0x00 0x00 0x00
0x50 0x0B IntMask1 0x00 0x00 0x00
0x50 0x0C IntMask2 0x00 0x00 0x00
0x50 0x0D IntMask3 0x00 0x00 0x00
0x50 Ox0F ILimCntl 0x06 0x86 0x86
0x50 0x10 ChgCntl0 0x0D 0x27 0x27
0x50 0x11 ChgCntl1 0x73 0x65 0x61
0x50 0x12 ChgTmr 0xFD OxE4 OxE4
0x50 0x13 StepChgCfg0 0x30 O0x3F O0x3F
0x50 0x14 StepChgCfg1 0x07 0x17 0x17
0x50 0x15 ThmCfgo Ox3F 0x3F 0x3F
0x50 0x16 ThmCfg1 Ox1F Ox1F Ox1F
0x50 0x17 ThmCfg2 Ox1F Ox1F OxDF
0x50 0x18 HrvCfgo 0x00 0x00 0x53
0x50 0x19 HrvCfg1 Ox3F 0x3F Ox7F
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Table 9. 12C Direct Register Defaults (continued)

SLAVE ADDRESS REGISTER ADD REGISTER NAME EV KIT MAX20360A MAX20360B
0x50 0x1A IVMONCfg 0x10 0x10 0x10
0x50 0x1B Buck1Ena OxEOQ O0xEO O0xEO
0x50 0x1C Buck1Cfg0 0x50 0x50 0x50
0x50 0x1D Buck1Cfg1 0x00 0x00 0x00
0x50 Ox1E Buck1lset 0x00 0x00 0x00
0x50 Ox1F Buck1VSet 0x37 O0xOF 0x19
0x50 0x20 Buck1Ctr 0x01 0x01 0x01
0x50 0x21 Buck1DvsCfg0 0x00 0x00 0x00
0x50 0x22 Buck1DvsCfg1 0x00 0x00 0x00
0x50 0x23 Buck1DvsCfg2 0x00 0x00 0x00
0x50 0x24 Buck1DvsCfg3 0x00 0x00 0x00
0x50 0x25 Buck1DvsCfg4 0x00 0x00 0x00
0x50 0x26 Buck1DvsSpi 0x00 0x81 0x00
0x50 0x27 Buck2Ena OxEOQ 0x50 0x81
0x50 0x28 Buck2Cfg 0x51 0x00 0x50
0x50 0x29 Buck2Cfg1 0x00 0x00 0x00
0x50 0x2A Buck2lset 0x00 0x32 0x00
0x50 0x2B Buck2VSet 0x32 0x02 0x32
0x50 0x2C Buck2Ctr 0x02 0x00 0x02
0x50 0x2D Buck2DvsCfg0 0x00 0x00 0x00
0x50 0x2E Buck2DvsCfg1 0x00 0x00 0x00
0x50 0x2F Buck2DvsCfg2 0x00 0x00 0x00
0x50 0x30 Buck2DvsCfg3 0x00 0x00 0x00
0x50 0x31 Buck2DvsCfg4 0x00 0x00 0x00
0x50 0x32 Buck2DvsSpi 0x00 0x00 0x00
0x50 0x34 Buck3Ena OxEOQ 0x61 0x61
0x50 0x35 Buck3Cfg 0x51 0x51 0x51
0x50 0x36 Buck3Cfg1 0x00 0x40 0x40
0x50 0x37 Buck3lset 0x00 0x00 0x00
0x50 0x38 Buck3VSet 0x35 0x1A 0x19
0x50 0x39 Buck3Ctr 0x04 0x04 0x04
0x50 0x3A Buck3DvsCfg0 0x00 0x00 0x00
0x50 0x3B Buck3DvsCfg1 0x00 0x00 0x00
0x50 0x3C Buck3DvsCfg2 0x00 0x00 0x00
0x50 0x3D Buck3DvsCfg3 0x00 0x00 0x00
0x50 0x3E Buck3DvsCfg4 0x00 0x00 0x00
0x50 0x3F Buck3DvsSpi 0x00 0x00 0x00
0x50 0x40 BBstEna OxEOQ O0xEO O0xEO
0x50 0x41 BBstCfg 0x05 0x05 0x05
0x50 0x42 BBstVSet 0x32 0x32 0x32
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Table 9. 12C Direct Register Defaults (continued)

SLAVE ADDRESS REGISTER ADD REGISTER NAME EV KIT MAX20360A MAX20360B
0x50 0x43 BBstISet 0x00 0x00 0x00
0x50 0x44 BBstCfg1 0x13 0x13 0x13
0x50 0x45 BBstCtr0 0x08 0x08 0x08
0x50 0x46 BBstCtr1 0x00 0x00 0x00
0x50 0x47 BBstDvsCfg0 0x00 0x00 0x00
0x50 0x48 BBstDvsCfg1 0x00 0x00 0x00
0x50 0x49 BBstDvsCfg2 0x00 0x00 0x00
0x50 O0x4A BBstDvsCfg3 0x00 0x00 0x00
0x50 0x4B BBstDvsSpi 0x00 0x00 0x00
0x50 0x51 LDO1Ena OxEO OxEO0 O0xEO
0x50 0x52 LDO1Cfg 0x01 0x03 0x03
0x50 0x53 LDO1VSet 0x00 0x36 0x34
0x50 0x54 LDO1Ctr 0x00 0x00 0x00
0x50 0x55 LDO2Ena OxEOQ 0x41 0x41
0x50 0x56 LDO2Cfg 0x01 0x09 0x09
0x50 0x57 LDO2VSet 0x00 0x09 0x09
0x50 0x58 LDO2Ctr 0x00 0x00 0x00
0x50 0x59 LSW1Ena OxEO OxEO0 O0xEO
0x50 0x5A LSWCfg 0x03 0x01 0x01
0x50 0x5B LSWA1Ctr 0x00 0x00 0x00
0x50 0x5C LSW2Ena 0xEO O0xEO0 O0xEO
0x50 0x5D LSW2Cfg 0x03 0x01 0x01
0x50 Ox5E LSW2Ctr 0x00 0x00 0x00
0x50 Ox5F ChgPmpEna OxEO OxEO OxEO
0x50 0x60 ChgPmpCfg 0x03 0x03 0x03
0x50 0x61 ChgPmpCitr 0x00 0x00 0x00
0x50 0x62 BoostEna OxEO O0xEO 0xEO
0x50 0x63 BoostCfg 0x0E 0x0E 0xOE
0x50 0x64 BoostISet 0x00 0x00 0x00
0x50 0x65 BoostVSet 0x1C 0x3C 0x3C
0x50 0x66 BoostCtr 0x00 0x00 0x00
0x50 0x67 MPCOCfg 0x00 0x00 0x00
0x50 0x68 MPC1Cfg 0x00 0x00 0x00
0x50 0x69 MPC2Cfg 0x00 0x00 0x00
0x50 0x6A MPC3Cfg 0x00 0x00 0x00
0x50 0x6B MPC4Cfg 0x00 0x00 0x00
0x50 0x6C MPC5Cfg 0x00 0x00 0x00
0x50 0x6D MPC6Cfg 0x00 0x00 0x00
0x50 Ox6E MPC7Cfg 0x00 0x00 0x00
0x50 Ox6F MPCltrSts 0x00 0x06 0x06
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Table 9. 12C Direct Register Defaults (continued)

SLAVE ADDRESS REGISTER ADD REGISTER NAME EV KIT MAX20360A MAX20360B
0x50 0x70 BK1DedIntCfg 0x00 0x00 0x00
0x50 0x71 BK2DedIntCfg 0x00 0x00 0x00
0x50 0x72 BK3DedIntCfg 0x00 0x00 0x00
0x50 0x73 HptDedIntCfg 0x00 0x00 0x00
0x50 0x74 ADCDedIntCfg 0x00 0x00 0x00
0x50 0x75 USBOkDedIntCfg 0x00 0x00 0x00
0x50 0x78 LEDCommon 0x00 0x00 0x00
0x50 0x79 LEDORef 0x00 0x00 0x00
0x50 0x7A LEDOCtr 0x00 0x00 0x00
0x50 0x7B LED1Ctr 0x00 0x00 0x00
0x50 0x7C LED2Ctr 0x00 0x00 0x00
0x50 0x7D PFN 0x01 0x01 0x01
0x50 0Ox7E BootCfg 0xB9 0xB9 0xB9
0x50 Ox7F PwrCfg 0x01 0x01 0x01
0x50 0x80 PwrCmd 0x00 0x00 0x00
0x50 0x81 BuckCfg 0x38 0x00 0x00
0x50 0x83 LockMsk 0x00 0x00 0x00
0x50 0x84 LockUnlock 0x00 0x00 0x00
0x50 0x86 SFOUTCtr 0x81 0x81 0x81
0x50 0x87 SFOUTMPC 0x00 0x00 0x00
0x50 0x88 12C_OTP_ADD 0x00 0x00 0x00
0x50 0x89 12C_OTP_DAT - - -

Ordering Information
PART NUMBER TEMP RANGE PIN-PACKAGE
MAX20360AEWZ+ -40°C to +85°C 72 WLP
MAX20360AEWZ+T -40°C to +85°C 72 WLP
MAX20360BEWZ+* -40°C to +85°C 72 WLP
MAX20360BEWZ+T* -40°C to +85°C 72 WLP

+ Denotes a lead(Pb)-free/RoHS-compliant package.
T = Tape-and-reel.
*Future product—contact factory for availability.
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