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Ultra-Low Power PMIC Featuring Single-

MAX77658

Inductor, 3-Output Buck-Boost, 2-LDOs, Power-

Path Charger, and Fuel Gauge for Small Li+

General Description

The MAX77658 provides highly-integrated battery
charging and power supply solutions for low-power
applications where size and efficiency are critical. The
IC features a SIMO buck-boost regulator that provides
three highly-efficient and independently programmable
power rails from a single inductor to minimize total
solution size. Two 150mA LDOs provide ripple rejection
for audio and other noise-sensitive applications. The
LDOs can also be configured as load switches to
manage power consumption by disconnecting external
blocks when not required. A highly-configurable linear
charger supports a wide range of Li+ battery capacities
and includes battery temperature monitoring for
additional safety (JEITA). The fuel-gauge implements
the Maxim ModelGauge™ m5 EZ algorithm with ultra-
low power. The IC provides the best performance for
batteries with 10mAhr to 1Ahr capacity.

This device includes three GPIOs and an analog
multiplexer that selects between several internal
voltages and current signals to an external node for
monitoring with an external ADC. A bidirectional 12C
serial interface allows for configuring and checking the
status of the devices. An internal on/off controller
provides a controlled startup sequence for the regulators
and provides supervisory functionality while they are on.
Numerous factory programmable options allow the
device to be tailored for many applications, enabling
faster time to market.

Applications

Bluetooth Headphones, Hearables
Wireless Speakers

Wearables

Safety and Security Monitors
Sensor Nodes

Internet of Things (loT)

Smart Power Selector and ModelGauge are trademarks
of Maxim Integrated Products, Inc.

Ordering Information appears at end of data sheet.

Benefits and Features

e Highly Integrated
+ 3x Output, Single-Inductor Multiple-Output
(SIMO) Buck-Boost Regulator
- Supports Wide Output Voltage Range from
0.5V to 5.5V for all SIMO Channels
- Delivers up to 750mA Total Load Current
- SBB2 can be Configured to 1.5A Peak
Inductor Current Limit to Support a Heavily
Loaded Rail
+ 2x 150mA LDO/LSW
+ Smart Power Selector™ Li+/Li-Poly Charger
+ 3x GPIO Resources
* Analog MUX Output for Power Monitoring
* Lowest Power Mode < 700nA Ig

» Watchdog Timer

o Low Power
* 1pA Shutdown Current
* 11.2pA Operating Current (3 SIMO Channels + 2
LDOs + Fuel Gauge)

e Charger Optimized for Small Li-lon Battery Size

* Programmable Fast-Charge Current from 7.5mA
to 300mA

* Programmable Battery Regulation Voltage from
3.6V to 4.6V

* Programmable Termination Current from
0.375mA to 45mA

« JEITA Battery Temperature Monitor Adjusts
Charge Current and Battery Regulation Voltage
for Safe Charging

e Fuel Gauge ModelGauge m5 EZ

* No Calibration Required for EZ Performance

* Robust Performance Against Battery Variation

» Die-Temperature or External Thermistor
Measurement Capability

* Integrated Internal Current Sensing Using
Internal Sense Resistor

» Compensates for Age, Current, and Temperature

» Does Not Require Empty, Full, or Idle States

¢ Flexible and Configurable
+ 12C-Compatible Interface and GPIO

e Small Size
+ 9.55mm2 Wafer-Level Package (WLP)
* 36-Bump, 0.5mm Pitch, 6x6 Array
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Ultra-Low Power PMIC Featuring Single-Inductor,

3-Output Buck-Boost, 2-LDOs, Power-Path

Charger, and Fuel Gauge for Small Li+

Simplified Block Diagram
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Ultra-Low Power PMIC Featuring Single-Inductor, MAX77658
3-Output Buck-Boost, 2-LDOs, Power-Path
Charger, and Fuel Gauge for Small Li+

Absolute Maximum Ratings

nEN, nIRQ, nRST to GND............ -0.3V to Vgyg + 0.3V BSTtOIN_SBB......coooooiiierece -0.3V to +6.0V
SCL, SDA, GPIOtoGND .............. -0.3Vto Vo + 0.3V BSTtO LXB...ooicieeceeee -0.3V to +6.0V
CHGIN t0 GND......ooooooeeeereeeeccccc -0.3V to +30.0V SBBO, SBB1, SBB2  Short-Circuit Duration
............................................................................ Continuous
SYS, BATT CHGR, SYS FG to GND....-0.3V to +6.0V
PGND to GND .......ooooeiiiienccee -0.3V to +0.3V
SYS 10 IN_SBB....cooiirrercerc -0.3V to +0.3V ]
Operating Temperature Range........... -40°C to +125°C
V10 GND e -0.3V to +6.0V ]
AMUX to GND 0.3V to +6.0V Junction Temperature ............ccooiviiiniiicine, +150°C
............................................ -0.3V to +6.
© ° Storage Temperature Range ............. -65°C to +150°C
nIRQ, nRST, SDA, AMUX, GPIO, ALRT Continuous . .
CUIMENE .. +20mA Soldering Temperature (reflow)....................... +260°C
CHGIN Continuous Current ... 1.2ArMs Continuous Power Dissipation (Multilayer Board, Tp =
SYS Conti c t 19 +70°C, derate 20.4mW/°C above +70°C) .... 1632mW
OMHNUOUS BB - RS ALRT t0 GND.....cooreeeessse 0.3Vo +17V
BATT CHGR Continuous Current (Note 1)....1.2Agrms REG to GND 203V to0 +2.2V
IN_LDOO, IN_LDO1 10 GND . -03Vto 6.0V TH 0 GND .o -0.3V to Vgarr + 0.3V
LDOO, LDO1 to GND............... -0.3Vto V|N_1po + 0.3V Continuous Source Current for TH .. 1mA
V|O tO GND ...................................... 'O.3V tO VSYS + O.3V Lead Temperature (Soldering 103) -------------------- +3000C
IN_SBB t0 PGND .......cooooooviiiviirrrnnrinnns -0.3Vito +6.0V Current Limit of Sense Resistor (Continuous current
LXA Continuous Current (Note 2)................... 1.2ARMS at 100% utilization (Note 3)) ... 0.8A
LXB Continuous Current (Note 2) ................... 1.2ARMS Current L_imit pf Sense Resistor (Continuous current
at 10% utilization (Note 3)).....cccccevviviiiiice 1.2A
SBBO, SBB1, SBB2 to PGND................. -0.3V to +6.0V

Note 1: Do not repeatedly hot-plug a source to the BATT CHGR terminal at a rate greater than 10Hz. Hot plugging low impedance
sources results in an ~8A momentary (~2us) current spike.

Note 2: Do not externally bias LXA or LXB. LXA has internal clamping diodes to PGND and IN_SBB. LXB has an internal low-side
clamping diode to PGND and an internal high-side clamping diode that dynamically connects to a selected SIMO output. It
is normal for these diodes to briefly conduct during switching events. When the SIMO regulator is disabled, the LXB to
PGND absolute maximum voltage is -0.3V to Vgggg + 0.3V.

Note 3: Guaranteed by design and not production tested. Total available utilization is 100,000 hours. Utilization is proportionately
cumulative. See the Current Measurement section for a detailed explanation of the current limit under different utilization
patterns.

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

WLP
Package Code N362A3+1
Outline Number 21-100490
Land Pattern Number Refer to Application Note 1891

Thermal Resistance, Four Layer Board:
Junction-to-Ambient (8,a) 49°C/W (2s2p board)
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http://pdfserv.maximintegrated.com/package_dwgs/21-100490.PDF
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Ultra-Low Power PMIC Featuring Single-Inductor, MAX77658
3-Output Buck-Boost, 2-LDOs, Power-Path
Charger, and Fuel Gauge for Small Li+

mgil:o’ror E /Mcrkmg see Note 7
! - / COMMON DIMENSIONS
Al A ] 0.50 MAX
D Al 0191003
:) A2 0.28 REF
AAA D D A3 0.04 BASIC
b | $0.29 +0.03
D D 2.958 £0.025
D E 3.228 +0.025
A3 TOP VIEW SIDE VIEW o 2.50 BASIC
El 2.50 BASIC
b Al e | 0.50 BASIC
A AA2 I ACAVACAUAY) I , D028 BASE
SE
b b &oos|s DEPOPU%i?EBDAgﬂJCAAPS'
FRONT VIEW NONE !
El
SEA—‘ e =
NOTES:
F Ea OGB OEB'EB ’ 1. Terminal pitch is defined by terminal center to center value.
2. Outer dimension is defined by center lines between scribe lines.
000000 D 3. All dimensions in millimeter.
4. Marking shown is for package orientation reference only.
b O O_O O O O r D] 5. Tolerance is £ 0.02 unless specified otherwise.
. N 6. All dimensions apply to PbFree (+) package codes only.
c O O O O O @ } 7. Front - side finish can be either Black or Clear.
5l O O 0O00O0
ALO O 010 O maxim
12 3]4 5 ¢ Db integrated .
(A< EXECIOIE
PACKAGE OUTLINE 36 BUMPS
BOTIOM VIEW THIN WLP PKG. 0.5 mm PITCH, N362A3+1
APPROVAL DOCUMENT CONTROL NO. REV. ]
- DRAWING NOT TO SCALE - | 21-100490 Al
For the latest package outline information and land patterns (footprints), go to

“«

https://www.analog.com/en/resources/packaging-quality-symbols-footprints/package-index.html. 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
https://www.analog.com/en/resources/technical-articles/thermal-characterization-of-ic-packages.htmi.
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Ultra-Low Power PMIC Featuring Single-Inductor,
3-Output Buck-Boost, 2-LDOs, Power-Path

Charger, and Fuel Gauge for

Electrical Characteristics

Small Li+

MAX77658

(VcHaIN = 0V, Vays = VBaTT = VIN_sBB = VIN_LDOx = 3.7V, V|o = 1.8V, limits are 100% production tested at Tp = +25°C. Limits over
the operating temperature range (T = -40°C to +125°C) are guaranteed by design and characterization, unless otherwise noted.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
TOP-LEVEL
Operating Voltage
Range Vsvs 27 5.5 v
Current measured | Fuel gauge is in 10 15
into BATT and SYS | shutdown mode ) '
and IN_SBB and Fuel gauge is in 56 8.0
Shutdown Supply ISHDN IN_LDOx, all hibernate mode ) ' uA
Current resources are off
(LDOO, LDO1, Fuel gauge is in 165 23
SBBO, SBBH1, active mode '
SBB2), Tp = +25°C
Main Bias Quiescent Iq Main bias is in normal-power mode 8 UA
Current (CNFG_GLBL.SBIA LPM =0)
Main bias is in low-power mode, current
measured into BATT and SYS and
Quiescent Supply IN_SBB and IN_LDOXx; LDOO, LDQ1,
Current o) SBBO0, SBB1, SBB2 are enabled with no 1.2 25 MA
load watchdog timer disabled, fuel gauge
is in hibernate mode, Tp =-40°C to
+85°C

Electrical Characteristics—Global Resources

(Vsys = 3.7V, limits are 100% production tested at T = +25°C, limits over the operating temperature range (T = -40°C to +125°C) are

guaranteed by design and characterization, unless otherwise noted.)

PARAMETER SYMBOL CONDITIONS ‘ MIN TYP MAX ’ UNITS
GENERAL CHARACTERISTICS
Main Bias Enable Time \ tSBIAS_EN \ \ 0.5 | ms
VOLTAGE MONITORS / POWER-ON RESET (POR)
POR Threshold VPOR Vsys falling 1.55 v
POR Thr'eshold 150 mv
Hysteresis
VOLTAGE MONITORS / UNDERVOLTAGE LOCKOUT (UVLO)
UVLO Threshold VsysuvLo | Vsys falling 245 26 2.73 v

Y,

UvLO Threshold SYSUVLO_HY 200 mv
Hysteresis S
VOLTAGE MONITORS / OVERVOLTAGE LOCKOUT (OVLO)
OVLO Threshold VsysovLo | Vsysrising 5.70 5.85 6.00 %
THERMAL MONITORS
Overtemperature- T T risin .
Lockout Threshold OTLOo J g 145 c
Thermal Alarm TiALT T, rising 80 °c
Temperature 1
Thermal Alarm TIAL2 T, rising 100 °c
Temperature 2
Thermal Alarm 15 °c
Temperature Hysteresis
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Ultra-Low Power PMIC Featuring Single-Inductor,

3-Output Buck-Boost, 2-LDOs, Power-Path

Charger, and Fuel Gauge for Small Li+

MAX77658

(Vsys = 3.7V, limits are 100% production tested at Tp = +25°C, limits over the operating temperature range (T = -40°C to +125°C) are
guaranteed by design and characterization, unless otherwise noted.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
ENABLE INPUT (nEN)
nEN Input Leakage N LKG Vren=Veoint= | TA=+25°C -1 +0.001 +1 A
Current nEN_ 5.5V Ta = +125°C +0.01 H
nEN Input Falling v . VceINT - VCCINT -
Threshold TH_nEN_F nEN Falling 14 10 \
nEN Input Rising V . VCCINT = VCCINT -
Threshold TH_nEN_R | nEN Rising 0.9 06 \
VCHGIN = 0V,
battery is present VBATT
(VBATT is valid)
Vcc Internal VceINT (Note 4) VcHGIN = 5V, not \
suspended Vi
(CNFG_CHG_G.U
SBS =0)
_ CNFG_GLBL.DBEN_nEN =0 500 us
Debounce Time tbBNC_nEN
CNFG_GLBL.DBEN_nEN =1 30 ms
CNFG_GLBL.T_MRT = 1 3 4 5
Manual Reset Time tMRST s
CNFG_GLBL.T_MRT =0 8 10.5
PU_DIS=0 200
nEN Internal Pullup RnEN-PU | Pullup to VceinT kQ
PU_DIS =1 10000
OPEN-DRAIN INTERRUPT OUTPUT (nIRQ)
Output Voltage Low VoL ISINK = 2ZmA 04 \Y;
Qutput Falling Edge t nIRQ Cirg = 25pF 2 ns
Time
Vsys =Vi0 =55V | Tp = +25°C -1 +0.001 +1
nIRQ is high
| impedance (no
Leakage Current niRQ_LKG interrupts) Ta = +125°C +0.01 HA
VnIRQ =0V and
5.5V
OPEN-DRAIN RESET OUTPUT (nRST)
Output Voltage Low VoL ISINK = 2MA 0.4 %
Output Falling Edge t c = 25pF
Time f nRST RST p 2 ns
nRST Deassert Delay See Fiqure 11 and Figure 12 for more
) trRsTODD . - 5.12 ms
Time information
nRST Assert Delay tRsTOAD 10.24 ms
Time
Vsys =Vi0 =55V | Tp = +25°C -1 +0.001 +1
nRST is high
I impedance (no
Leakage Current nRST_LKG reset) Tp = +125°C +0.01 MA
VursT = 0V and
5.5V
GENERAL PURPOSE INPUT/OUTPUT (GPIO)
Input Voltage Low ViL Vio = 1.8V 0.3x Vo V
Input Voltage High ViH Vip = 1.8V 0.7 xV|o vV
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Ultra-Low Power PMIC Featuring Single-Inductor,
3-Output Buck-Boost, 2-LDOs, Power-Path
Charger, and Fuel Gauge for Small Li+

MAX77658

(Vsys = 3.7V, limits are 100% production tested at Tp = +25°C, limits over the operating temperature range (T = -40°C to +125°C) are
guaranteed by design and characterization, unless otherwise noted.)

Periods

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
CNFG_GPIOx.DIR | Tp =+25°C 1 +0.001 +1
=1
Input Leakage Current IgPI_LKG Vio = 5.5V _ o HA
Vgpio = 0V and Ta=+125 C +0.01
5.5V
Output Voltage Low VoL IsINK = 2mA 0.4 \Y
Output Voltage High VoH ISOURCE = 1TmA 08xVio Y
Input Debounce Time tbBNC_GPI CNFG_GPIOx. DBEN_GPI = 1 30 ms
?utput Falling Edge f GPIO Capio = 25pF 3 ns
ime
?utput Rising Edge tr GPIO Capio = 25pF 3 ns
ime
FLEXIBLE POWER SEQUENCER
FPS Startup Delay trps DLY 1.43 ms
Power-Up Event .
t
Periods EN See Figure 10 1.28 ms
Power-Down Event tois See Figure 10 2.56 ms

Electrical Characteristics—Smart Power Selector Charger

(VCHGIN = 5.0V, Vgyg = 4.5V, VgaTT = 4.2V, limits are 100% production tested at Tp = +25°C, limits over the operating temperature
range (Tp = -40°C to +125°C) are guaranteed by design and characterization, unless otherwise noted.)

PARAMETER SYMBOL ‘ CONDITIONS ‘ MIN TYP MAX UNITS
DC INPUT
CHGIN Valid Voltage VCHGIN Initial CHGIN voltage before enabling 41 795 Vv
Range charging ) '
CHGIN Standoff Voltage | v a\porr | DC rising 28 \Y;
Range
CHGIN Overvoltage VCHGIN_OVP | DC rising 7.25 7.50 7.75 v
Threshold -
CHGIN Overvoltage 100 mv
Hysteresis
HYST_CHGINUVL
CHGIN Undervoltage VCHGIN UVLO | DC risin 0 _100=0 4.0 41 4.2 v
Lockout - 9 HYST_CHGINUVL 36
O _100=1 )

CHGIN Undervoltage- HYST_CHGINUVLO_100=0 600 iy
Lockout Hysteresis HYST_CHGINUVLO_100 = 1 100
Input Current-Limit ICHGINLLIM Vsys = VSYS-REG - 100mV, 95 475 mA
Range programmable in 95mA steps

I LM = 95mA, V =Vgys.| -

o CHGIN-LIM SYS SYS-REG 90 95 100
Input Current-Limit 100mV mA
Accuracy ICHGIN-LIM = 475mA, Vgys = Vsys-REG
475 500

- 100mV

VcHain falling due to loading conditions
Minimum Input Voltage v and/or high-impedance charge source,
Regulation Range CHGIN-MIN programmable in 100mV increments with 4.0 4.7 v

CNFG_CHG_B.VCHGIN_MIN[2:0]
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Ultra-Low Power PMIC Featuring Single-Inductor,
3-Output Buck-Boost, 2-LDOs, Power-Path
Charger, and Fuel Gauge for Small Li+

MAX77658

(VCHGIN = 5.0V, Vgyg = 4.5V, VgaTT = 4.2V, limits are 100% production tested at Tp = +25°C, limits over the operating temperature

range (Tp = -40°C to +125°C) are guaranteed by design and characterization, unless otherwise noted.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Minimum Input Voltage VCHGIN-MIN = 4.5V
Regulation Accuracy (CNFG_CHG_B.VCHGIN_MIN[2:0] = 4.32 4.50 4.68 \Y
0b101), | CHGIN reduced by 10%
Charger Input t . VcHaIN = 5V, time before CHGIN is
Debounce Timer CHGIN-DB allowed to deliver current to SYS or BATT 100 120 140 ms
SUPPLY AND QUIESCENT CURRENTS
VcHGIN = 5V, charger is not in USB
suspend (CNFG_CHG_G. USBS = 0),
charging is finished 1.0 1.8 mA
CHGIN Supply Current ICHGIN (STAT_CHG_B.CHG_DTLS[3:0]
indicates done), lgys = OmA
VCHGIN = 0V to 1V, VBaTT = 3.3V, Isvs
50 MA
=0mA
CHGIN Suspend Suppl VCHGIN = 5V, charger in USB suspend
Current ’| loHe-sus (CNFG_CHG G.USBS = 1) %0 bA
VcHGIN = 5V, charger is not in USB
suspend (CNFG_CHG_G.USBS = 0),
BATT Bias Current IBATT-BIAS charging is finished 5 MA
(STAT_CHG_B.CHG_DTLS[3:0]
indicates done), lgys = OmA
PREQUALIFICATION
Prequalification Voltage Vpq Programmable in 100mV steps with 23 30 Vv
Threshold Range CNFG_CHG C.CHG PQ[2:0] ) )
Prequalification Voltage -
Thrgshold Accuracy ) Vpq =30V -3 +3 %
VBATT = 2.5V CNFG_CHG_B.I_P 10
o Vpq = 3.0V Q=0
Prequalification Mode Ipq Expressed as a %
Charge Current CNFG_CHG _B.I_P
percentage of Q=1 - - - 20
IFAST-CHG
Prequalification Safety tpQ VBATT < Vpq = 3.0V 27 30 33 Minutes
Timer
FAST-CHARGE
Fast-Charge Voltage IgaTT = OMA, programmable in 25mV
Range VFAST-CHG | (1o s with CNFG._CHG_G.CHG CVi5:0] | 3 4.6 v
VEAST-CHG = 4.3V,
Vgys =4.5V, Tp = -0.5 +0.5
Fast-Charge Voltage _ +25°C
Accuracy ’ ’ 'BATT = OmA VFAST-CHG = 3.6V %
to 4.6V, Vgys = 1.0
4.8V
Fast-Charge Current Programmable in 7.5mA steps with
Range ° IFASTCHG | o\PG GHG, E.CHa CC[5:8] 79 300 mA
Fast-Charge Current IA\/FA"jfocl:GVEBATT :FAST_CHG — 15mA 15 .5 %
Accuracy - FAST-CHG = 20 +2.0 o
300mV 300mA
Fast-Charge Current Across all current settings, VpaTT =
Accuracy over VEAST-CHG - 300mV, Tp = -40°C to -10 +10 %
Temperature +125°C
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Ultra-Low Power PMIC Featuring Single-Inductor,
3-Output Buck-Boost, 2-LDOs, Power-Path
Charger, and Fuel Gauge for Small Li+

MAX77658

(VCHGIN = 5.0V, Vgyg = 4.5V, VgaTT = 4.2V, limits are 100% production tested at Tp = +25°C, limits over the operating temperature

range (Tp = -40°C to +125°C) are guaranteed by design and characterization, unless otherwise noted.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Programmable in 2 hour increments or
Fast-Charge Safet disabled with
) 9 y trc CNFG_CHG_E.T_FAST_CHG[1:0], time 3 7 hours
Timer Range .
measured from prequal. done to timer
fault
ngt-Charge Safety tec = 3 hours -10 +10 %
Timer Accuracy
Fast-Charge Safety East-charge CC mode, fast-charge safety
. timer paused when charge current drops
Timer Suspend . 20 %
Threshold below this threshold, expressed as a
resho percentage of IFAST-CHG
Junction Temperature . .
. . Programmable in 10°C steps with
T N o
Regulation Setting J-REG CNFG_CHG_D.TJ_REG[2:0] 60 100 C
Range
Rate at which IrasT-cHG/lPq is reduced
Junction Temperature G to maintain Tj_.rgg, expressed a -
Regulation Loop Gain TJ-REG percentage of IFasT-cHG/IPQ Per degree 54 %/°C
centigrade rise
Charge Current Soft-
Start Slew Time Zero to full-scale 1 Ms
TERMINATION AND TOP-OFF
CNFG_CHG_C.I_TERM[1:0] = 0b00 5
expressed as a percentage of IEAST-CHG
CNFG_CHG_C.I_TERM[1:0] = 0b01 75
End-of-Charge | expressed as a percentage of IEAST-CHG ) o
Termination Current TERM CNFG_CHG_C.|_TERM[1:0] = 0b10 o5 0 15 °
expressed as a percentage of IEAST-CHG ) )
CNFG_CHG_C.I_TERM[1:0] = Ob11 15
expressed as a percentage of IEAST-CHG
IBATT < ITERM , Programmable in 5
Top-Off Timer Range tto minute steps with 0 35 minutes
CNFG_CHG_C.T_TOPOFF[2:0]
Top-Off Timer Accuracy tto = 10 minutes -10 +10 %
Charging is finished
(STAT_CHG_B.CHG_DTLS[3:0]
Charge Restart v indicates done and
Threshold RESTART | CNFG_CHG_H.CHR TH_EN = 1) 65 150 mv
Charging resumes when VeaTT < VFAST-
CHG - VRESTART
IFAST-CHG = 15MA, ITgrMm = 1.5MA (10%
-of- 0 1. 1. 1.
End gf Charge of IFAST-CHG), TA = +25°C 35 5 65
Termination Current | = 300mA_| —30mA mA
Accuracy FAST-CHG = SPAIMA, TTERM = 1M 27 30 33
(10% of IFasT-CHG), TA = +25°C
End-of-Charge
Termination Current 60 V&
Glitch Filter
DEVICE ON-RESISTANCE AND LEAKAGE
BATT CHGR to SYS VBATT = 3.7V, IgaTT = 300mA, VCHGIN = 100 150 M0
On-Resistance 0V, battery is discharging to SYS
\ T =+25°C 0.1 1.0 HA
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Ultra-Low Power PMIC Featuring Single-Inductor, MAX77658
3-Output Buck-Boost, 2-LDOs, Power-Path
Charger, and Fuel Gauge for Small Li+

(VCHGIN = 5.0V, Vgyg = 4.5V, VgaTT = 4.2V, limits are 100% production tested at Tp = +25°C, limits over the operating temperature
range (Tp = -40°C to +125°C) are guaranteed by design and characterization, unless otherwise noted.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Vgys =4.5V,
ghargetr FET Leakage VBATT = 0V, Tp = +125°C 1
urren charger disabled
CHGIN to SYS On- 600 mo
Resistance
VcHaIN = 0V, Tp =+25°C 0.1 1.0
Input FET Leakage Vgys = 4.2V, body- A
Current switched diode Ta=+125°C 1 H
reverse biased
SYSTEM NODE
System Voltage v Programmable in 50mV steps with
Regulation Range SYSREG | CNFG CHG D.VSYS_REGI4:0] 34 4.8 v
Ta =+25°C 4.41 450 459
System Voltage Vv VsysReg = 4.5V, | A _
. SYs _ Tp=-40°C to \Y
Regulation Accuracy Isys = 1TmA 4.365 45 4.635
+125°C
VCHGIN =5V, Vsys-REG = 4.5V, Vgys <
- Vsys-REG due to ICHGIN = ICHGIN-LIM
Minimum System inout i t limit). batt harai
Voltage Regulation Vsysiy | (Inputin current limit), battery charging, 4.34 44 4.45 v
X IsaTT reduced to 50% of IFAST-CHG
Loop Setpoint o .
(minimum system voltage regulation
active)
Supplement Mode VBATT -
System Voltage Isys = 150mA 015V \Y;
Regulation )
Active Discharge R When CNFG_GLBL.SFT_CTRL[1:0] =
Resistance AD_SYS 0b11 and CHGIN is disconnected 80 140 260 Q

Electrical Characteristics—Adjustable Thermistor Temperature Monitors

(VCHGIN = 5.0V, Vgyg = 4.5V, VgaTT = 4.2V, limits are 100% production tested at Tp = +25°C, limits over the operating temperature
range (Tp = -40°C to +125°C) are guaranteed by design and characterization, unless otherwise noted.)

PARAMETER SYMBOL ‘ CONDITIONS ‘ MIN TYP MAX UNITS
JEITA TEMPERATURE MONITORS
Temperature Threshold Temperature hysteresis set on each 3 °c
Hysteresis JEITA threshold
JEITA Modified Fast- VEAST- IBATT = OmA, programmable in 25mV
. 3.6 4.6 Y

Charge Voltage Range CHG _JEITA steps, battery is either cool or warm
JEITA Modified Fast- IFAST- Programmable in 7.5mA steps, battery is

. 7.5 300 mA
Charge Current Range CHG_JEITA either cool or warm

Electrical Characteristics—Analog Multiplexer

(VcHGIN = 5.0V, Vgyg = 4.5V, VgaTT = 4.2V, limits are 100% production tested at Tp = +25°C, limits over the operating temperature
range (Tp = -40°C to +125°C) are guaranteed by design and characterization, unless otherwise noted.)

PARAMETER ‘ SYMBOL ‘ CONDITIONS MIN TYP MAX UNITS
ANALOG MULTIPLEXER
Full-Scale Voltage VEs 1.25 Y
Channel Switching Time 0.3 us
Off Leakage Current Ta =+25°C 1 500 nA

www.analog.com Analog Devices | 10



Ultra-Low Power PMIC Featuring Single-Inductor,
3-Output Buck-Boost, 2-LDOs, Power-Path
Charger, and Fuel Gauge for Small Li+

MAX77658

(VCHGIN = 5.0V, Vgyg = 4.5V, VgaTT = 4.2V, limits are 100% production tested at Tp = +25°C, limits over the operating temperature
range (Tp = -40°C to +125°C) are guaranteed by design and characterization, unless otherwise noted.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

Vamux = 0V,
AMUX is high Ta = +125°C 1 HA
impedance

CHGIN POWER MEASUREMENT

i VEg corresponds to maximum | N
gH_GIN Current Monitor GICHGIN FS_ p CHGIN-LIM 2632 VIA
ain setting

g:ile Voltage Monitor GvcHGIN | VFs corresponds to VoHGIN_ovP 0.167 VIV

BATT AND SYS POWER MEASUREMENT

Battery Charge Current | VEs corresponds to 100% of IragT-CHG .

Monitor Gain IBATT-CHG | etting (CNFG_CHG_E.CHG_CC[5:0]) 125 mvV/%
IFAST-CHG = 15mA, Tp = +25°C, VaTT

i =V - 300mV -3.5 +3.5

Charge Current Monitor FAST-CHG Y

Accuracy IFAST-CHG = 300mA, Tp = +25°C, VBATT a5 35 °
= VFAST-CHG - 300mV ' '

Charge Current Monitor Across all current settings, VBaTT =

Accuracy over VEAST-CHG - 300mV -10 +10 %

Temperature )

Battery Discharge Programmable with

IDISCHG-

Monitor Full-Scale SCALE CNFG_CHG_I.IMON_DISCHG_ 8.2 300 mA

Current Range SCALEJ[3:0]

CB:atteryt Ii\)/llschtarge 15mA to 300mA battery discharge 15 15 o

urrent Montor current, IpjscHG-SCALE = 300mA B °

Accuracy

Battery Discharge I = OmA )

Current Monitor Offset BATT 0.5 08 mA

Battery-Voltage Monitor G Vg corresponds to maximum VeasT.

Gain VBATT CHG setting 0.272 VIV

SYS Voltage Monitor o Vrs corresponds to maximum Vsys REG

Gain VSYS setting 0.26 Vv

Electrical Characteristics—SIMO Buck-Boost
(VIN = 3.7V, Cgppx = 10uF, L = 1.5uH, limits are 100% production tested at T = +25°C, limits over the operating temperature range

(Tp =-40°C to +125°C) are guaranteed by design and characterization, unless otherwise noted.)

PARAMETER ‘ SYMBOL ‘ CONDITIONS MIN TYP MAX UNITS

GENERAL CHARACTERISTICS / OUTPUT VOLTAGE RANGE (SBB0/1/2)
Programmable Output VsBBx 05 55 Vv
Voltage Range
Output DAC Bits 8 bits
Output DAC LSB Size 0.5V to 5.5V 25 mV
OUTPUT VOLTAGE ACCURACY

VspBx falling,

threshold where
Output Voltage LXA switches high; | 1, = 40°C to

specified as a o -2.0 +2.0 %
Accuracy +125°C

percentage of

target output

voltage

www.analog.com
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Ultra-Low Power PMIC Featuring Single-Inductor, MAX77658
3-Output Buck-Boost, 2-LDOs, Power-Path
Charger, and Fuel Gauge for Small Li+

(VIN = 3.7V, Cgppx = 10uF, L = 1.5uH, limits are 100% production tested at T = +25°C, limits over the operating temperature range
(Tp =-40°C to +125°C) are guaranteed by design and characterization, unless otherwise noted.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
OUT Over-Regulation v Ta = +25°C o
Threshold ov A 7 3 %
TIMING CHARACTERISTICS

Delay time from the SIMO receiving its
Enable Delay first enable signal to when it begins to 10 us
switch in order to service that output
Soft-Start Slew Rate dV/dtgs Ipk = 1A, Court = 10uF 5.0 mV/us
POWER STAGE CHARACTERISTICS
SBBO, SBB1, SBB2 | Tp = +25°C -1.0 +0.1 +1.0
are disabled,
LXA Leakage Current ViN_sBB = 5.5V, Tp = +125°C 10 MA
Vixa =0V, or 5.5V
SBBO, SBB1, SBB2 | Tp = +25°C -1.0 +0.1 +1.0
are disabled,
LXB Leakage Current VIN_sBB = 5.5V, _ . HA
Vixa =0Vorb.5V, Ta=+125°C +1.0
all Vggg x = 5.5V
VIN_sBB = 5.5V, Ta = +25°C +0.01 +1.0
BST Leak Vv =55V,V A
ST Leakage Current =|_1x1|?/ BST Tp = +125°C +0.1 g
SBBO, SBB1, SBB2 | Tp = +25°C +0.1 +1.0
are disabled,
active-discharge
Disabled Output disabled
L'S"I‘( e C“ pu (ADE_SBBx = 0), B . A
eakage Current Vsppx = 5.5V, Tp =+125°C +0.2
Vixs =0V, Vgys =
VIN_sBB = VBST =
5.5V
Active-Discharge SBBO0, SBB1, SBB2 are disabled, active-
Resistance 9 Rap sBex | discharge enabled 60 120 180 Q
(CNFG_SBBx_B.ADE_SBBx = 1)
CONTROL SCHEME
CNFG_SBBx_B.IP_SBBx[1:0] = 0b11 -18% 0.335 +18%
Ip sBB CNFG_SBBx_B.IP_SBBx[1:0] = 0b10 -14% 0.500 +14%
Peak Current Limit — A
(Note 5) CNFG_SBBx_B.IP_SBBx[1:0] = 0b01 -8% 0.750 +8%
CNFG_SBBx_B.IP_SBBx[1:0] = 0b00 7% 1.000 +7%
INT_GLBL1.SBBx_
SIMO Output Fault v F =1, expressed . o
Threshold SBBx_F as a percentage of Falling 80.0 %
VSBBXx

Electrical Characteristics—Low Dropout Linear Regulator (LDO)/Load Switch (LSW)

(Vsys = VIN_LDo = 3.7V, limits are 100% production tested at Ta = +25°C, limits over the operating temperature range (T = -40°C to
+125°C) are guaranteed by design and characterization, unless otherwise noted.)

PARAMETER SYMBOL | CONDITIONS | miN TYP MAX | UNITS
LDOO/M
Input Voltage Range VIN_LDOx ’ LDO mode ’ 1.71 5.5 I \Y,

www.analog.com Analog Devices | 12



Ultra-Low Power PMIC Featuring Single-Inductor,
3-Output Buck-Boost, 2-LDOs, Power-Path
Charger, and Fuel Gauge for Small Li+

MAX77658

(Vsys = VIN_LDo = 3.7V, limits are 100% production tested at Tp = +25°C, limits over the operating temperature range (Ta = -40°C to

+125°C) are guaranteed b

design and characterization, unless otherwise noted.)

Threshold

as a percentage of
VLDox

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Switch mode 1.2 5.5
Quiescent Supply IN LDOX IOUT_LDOX =0 14 24 A
Current - louT _LDOx = 0, switch mode 0.5 1.2 H
i t I I =0,V =29V,V
Quuesce_n Supply N_DRP. LDOX _OUT_LDOx IN_LDOx LDOx 21 46 uA
Current in Dropout =3V
Maximum Output louT Loy uN-LDOx > 1.8V 150 A
Current —-oX VIN_LDOx = 1.8V or lower 100
Output Voltage VouT_LDOx 0.5 5.0 \Y
VIN_LDOx = (VouT_Lpox *+ 0.5V) or
Output Accuracy higher, louT Lpox = 1MA -3.1 +3.1 %
V| = 3V, LDOx programmed to
Dropout Voltage VDRP_LDOx 3\% _ll(_jlfﬁx LDOx = 100mA 100 mV
Line Regulation VIN_LDOx = (VouT_Lbox * 0.5 V)0 5.5V | 05 +0.5 %IV
V| = 1.8V or higher, | =
Load Regulation 1 (I)'\(I)IJLPI\DE)X 10O gher. louT_Lbox 0001 0005 | %/mA
Line Transient VIN_LDOx =4V to 5V, 5ps rise time +35 mv
louT_LDOx = 100pA to 10mA, 200ns rise 100
. time
Load Transient IoUT LDOx = 100 JA to 100mA, 200ns 200 mV
rise time
Active-Discharge RAD LDOX 42 80 200 0
Resistance -
. VIN_LDOx = 2.7V, louT_LDOx = 100mA 0.5
i\g'stizrt‘at]ﬂ::e On- Ron_Lbox | VIN_LDox = 1.8V, louT_LDOX = 50mA 0.8 o)
VIN_LDOx = 1.2V, louT_LDOx = 5SMA 1.2
louT LDOX = OmA, time from 10% to 90% 22
Slew Rat of final register value ) v/
ew hate louT LDOx = OmA, time from 10% to 90% ms
L~ . . 2.2
of final register value, switch mode
VIN_Lpox = 2.7V, VouT_Lbox = GND 230 550 880
Short-Circuit Current = =
- \Y =2.7V,V =2.55V, mA
Limit IN_LDOX OUT_LDOx 230 550
switch mode
10Hz to 100kHz, ViN_LpOx = 5V, 150
VouT_Lbox = 3.3V
10Hz to 100kHz, V|N LDOx = 5V,
. VouT Lpox =25V 125
Output Noise 10Hz to 100KHZ, ViN_Lpox = 5V, o0 WVRMS
VouTt_Lbox = 1.2V
10Hz to 100kHz, ViN_LpOx = 5V, 80
VouT_Lbox = 0.9V
Output DAC Bits 8 bits
Output DAC LSB Size 25 mV
INT_GLBL1.LDOx_
LDO Output Fault ViDox_F F =1, expressed Falling 875 %

www.analog.com
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Ultra-Low Power PMIC Featuring Single-Inductor,
3-Output Buck-Boost, 2-LDOs, Power-Path
Charger, and Fuel Gauge for Small Li+

Electrical Characteristics—Fuel Gauge
(VBATT = 2.3V to 4.9V, Tp = -40°C to +125°C, typical value for Tp is +25°C. Limits are 100% tested at Tp = +25°C. The operating

temperature range and relevant supply voltage range are guaranteed by design and characterization. Specifications marked "GBD" are
guaranteed by design and not production tested.)

MAX77658

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
POWER SUPPLY
Supply Voltage VBATT 2.3 49 \Y;
Hibernate Supply IDD1 Ta < +50°C, average current 52 12 pA
Current

. Ta < +50°C, average current not including
Active Supply Current IpD2 . 16 30 pA
thermistor measurement current
Regulation Voltage VREG 1.8 \Y;
ANALOG-TO-DIGITAL CONVERSION
BATT Measurement v Ta=+25°C 7.5 +7.5
E GERR PY—— 5 mV
rror -40°C = Tp = +125°C -20 +20
BATT Measurement Viss 78.125 uv
Resolution
BATT Measurement Vs 23 4.9 Vv
Range
Sense Resistance Rsns Ta=+25°C 35 mQ
Current Measurement loERR Zero current, long term average +1 mA
Offset Error »1oNg 9 B
Current.Measurement ILsB 003125 mA
Resolution
Current Measurement % of
|
Gain Error GERR (Nofe 6) 2.5 Reading
Current Measurement leRR Ta = +50°C, 0.15A and 0.3A (Note 6) -3 $0.5 +3 % of
Error Ta < +50°C, 0.5A (Note 6) +1 Reading
Internal Temperature TIgERR -40°C < Tp < +125°C +1 oc
Measurement Error
Internal Temperature
Measurement Tl sB 0.00391 °C
Resolution
INPUT/OUTPUT
External Thermistance RexT10 Config.R100 =0 10 0
Resistance RexT100 | Config.R100 = 1 100
Output Drive Low, ALRT VoL loL = 4mA, VpaTT = 2.3V 0.4 Y
Input Logic High, ALRT, v
SCL, SDA IH 1.5 \
Input Logic Low, ALRT, v
SCL, SDA L 0.5 v
- Measured as a fraction of V onTH
Battery Detach VDET e BATT 91 96.2 99 %
Detection Threshold rising
Battery-Detach Measured as a fraction of VgarT on TH
Detection Threshold VDET-HYS : 1 %
. falling
Hysteresis
Battery-Detach TH step from 70% to 100% of VgaTT
tToFF 100 us

Comparator Delay (Alrtp = 0, EnAIN = 1, FTHRM = 1)

LEAKAGE

www.analog.com
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Ultra-Low Power PMIC Featuring Single-Inductor,
3-Output Buck-Boost, 2-LDOs, Power-Path
Charger, and Fuel Gauge for Small Li+

MAX77658

(VBATT = 2.3V to 4.9V, Tp = -40°C to +125°C, typical value for Tp is +25°C. Limits are 100% tested at Tp = +25°C. The operating
temperature range and relevant supply voltage range are guaranteed by design and characterization. Specifications marked "GBD" are
guaranteed by design and not production tested.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
I;\eLi(Ta ge Current, GSN, ILEAK VALRT < 15V -1 +1 A
Input Pulldown Current IpD Vspa = 0.4V, Vgc = 0.4V 0.05 0.2 0.4 HA
TIMING
Time-Base Accuracy tERR Ta=+25°C -1 +1 %
TH Precharge Time tPRE 8.48 ms

Electrical Characteristics—I2C Serial Communication
(VN = 3.7V, V|p = 1.8V, limits are 100% production tested at Tp = +25°C, limits over the operating temperature range (Tp = -40°C to
design and characterization, unless otherwise noted.)

+125°C) are guaranteed b

PARAMETER SYMBOL CONDITIONS ‘ MIN TYP MAX UNITS
POWER SUPPLY
Vio Voltage Range Vio 1.7 1.8 3.6 v
Vio = 3.6V, Vgpa = VscL = 0V or 3.6V,
. _ o -1 0 +1
V|o Bias Current Ta=+25°C 7y
Vio=1.7V,Vgpa = VscL =0V or 1.7V -1 0 +1
SDA and SCL I/0 STAGE
SCL, SDA Input High Vin Vio = 1.7V t0 3.6V 0.7 xVio v
Voltage
SCL, SDA Input Low ViL Vio = 1.7V 10 3.6V 03xVio| v
Voltage
SCL, SDA Input vV 0.05 x
Hysteresis HYS Vio v
SCL, SDA Input I Vio = 3.6V, VgL = Vepa = 0Vand 3.6V |  _10 +10 UA
Leakage Current
SDA Output Low VoL Sinking 20mA 0.4 v
Voltage
SCL, SDA Pin
’ C
Capacitance : 10 PF
Output Fall Time from
Vi to VL tor (Note 6) 120 ns
I12C-COMPATIBLE INTERFACE TIMING (STANDARD, FAST, AND FAST-MODE PLUS) (Note 6)
Clock Frequency fscL 0 400 kHz
Hold Time (REPEATED) tHD STA 06 s
START Condition - ' H
SCL Low Period tLow 1.3 us
SCL High Period tHiGH 0.6 us
Setup Time REPEATED tsy STA 06 s
START Condition - ' H
Data Hold Time tHp_DAT 0 us
Data Setup Time tsu_pat 100 ns
Setup Time for STOP
t
Condition SU_sTO 0.6 HS
Bus Free Time between
STOP and START tBUF 1.3 us
Condition

www.analog.com
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Ultra-Low Power PMIC Featuring Single-Inductor, MAX77658
3-Output Buck-Boost, 2-LDOs, Power-Path
Charger, and Fuel Gauge for Small Li+

(VN = 3.7V, V|po = 1.8V, limits are 100% production tested at Tp = +25°C, limits over the operating temperature range (Ta = -40°C to
+125°C) are guaranteed by design and characterization, unless otherwise noted.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Pulse Width of . tsp Maximum pulse width .Of spik.es that must 50 ns
Suppressed Spikes be suppressed by the input filter
I12C-COMPATIBLE INTERFACE TIMING (HIGH-SPEED MODE, CB = 400pF) (Note 6)

SCL Fall Time troL Ta=+25°C R 80 ns

Note 4: See the nEN Internal Pullup Resistors to Vccint section for more details.

Note 5: Typical values align with bench observations using the stated conditions with an inductor. Minimum and maximum values
are tested in production with DC currents without an inductor. See the Typical Operating Characteristics SIMO
switching waveforms to gain more insight on this specification.

Note 6: Design guidance only. Not production tested.
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Ultra-Low Power PMIC Featuring Single-Inductor, MAX77658
3-Output Buck-Boost, 2-LDOs, Power-Path
Charger, and Fuel Gauge for Small Li+

Typical Operating Characteristics

(Typical Applications Circuit. VcHgIN = OV, Vgys = VIN_sBB = VBATT = 3.7V, V|p = 3.3V, Tp = +25°C, SIMO in automatic operation
mode, Vgpgg = 1.8V, IP_SBBO =0.5A, Vggg1 = 1.1V, IP_SBB1 =0.5A, Vggg2 = 3.3V, IP_SBBZ =1.0A, unless otherwise noted. Inductor
= DFE201610E-1R5M, 1.5uH, 91mQ.)

SHUTDOWN CURRENT vs. INPUT QUIESCENT SUPPLY CURRENT vs. QUIESCENT SUPPLY CURRENT vs.
VOLTAGE BATTERY VOLTAGE BATTERY VOLTAGE
20 foc0. 35 0002 50 0003
ALL CHANNELS DISABLED SIMO IN AUTO LPM SIMO IN AUTO LPM
1.8 |FG IN SHUTDOWN MODE 50 |MAINBIASINLPM 45 |MAIN BIAS IN NPM
16 FG IN HIBERNATE MODE FG IN HIBERNATE MODE
: LDO POWERED BY SYS 40 |LDOs POWERED BY SYS
14 25 |sBBO, SBB1, SBB2, LDOO, LDOT ENABLED—
Y ] vl
12 T —— _ g |SBBO.SBB1 SBB2ENABLED %
< < SBBO, SBB1 ENABLED <
$ 1 z SBBO ENABLED Tz
£ £ 45 [ALL CHANNELS DISABLED 5
= 08 = @
. .t kol ") Y 25
o L v A I iy ) [ |
06 10 D AT e
04 20 |SBBO, SBB1, SBBZ, LDOO ENABLED
: 5 SBBO, SBB1, SBB2 ENABLED
02 15 [SBBO, SBB1 ENABLED
SBBOENABLED |
00 0 10 :
28 33 38 43 48 28 33 38 43 48 28 33 38 43 48
Veart (A) Veart (A) Veart (A)
QUIESCENT SUPPLY CURRENT vs.
BATTERY VOLTAGE OVER AMBIENT
TEMPERATURE POWER-UP SEQUENCE - POWER-DOWN SEQUENCE oo
oc
% o nEN [ 5Vidiv
MAIN BIAS IN LPM Vv N nEN IN LOGIC MODE
FG IN HIBERNATE MODE S N —
50 JALL CHANNELS ENABLED e " sloTo v s8B0 sLoTo
LDOs POWERED BY SBB0 Veast :
Vegso| SLOT1 L |2viiv
15 [ ' Syt e T Vidiv \—
< SLOT1 Vsgg2 1Vidiv
= SLOT2 .
= 10 Veppt |-+ | g o 1vadiv Viooo 1 Vidiv
- SLOT2 SLOT3 Nidi
Vsgez | e Widiv ARST . . e
5 Viooo § sLoT3 sy 5Vidiv
\RST 5.12ms nRST DEASSERT DELAY ~1°" 10.24ms nRST ASSERT DELAY
0 2msldiv Amsidv
28 33 38 43 48
Veart (A)
ALWAYS-ON RESOURCE GPIO0 ALTERNATE MODE: FUS GPIO1 ALTERNATE MODE: DVS
toc07 toc08 toc09
UVLO RISING = 2.8V 1Vidiv 2Vidiv 1Vidiv
0.5ms MAIN BIAS
ENABLE DELAY
6PI00 FUS_M UNMASKED
Veatt loaTr [y GPIOT {mrrmrmmm e
) CHGIN TO SYS FET 0.8V
1Vdiv — DISCONNECTED ) eoneniessrasseraresstne] 100mVIdiv
200mA/div / | = 50mA
4 'sBBo = dUm.
) —
v S S SO S — /
'SBB1 B BAV/(4 11 0.5V ;”
VeysReg —— > Varr VSBBO [vmaimmamaninad
2ms/div 200us/div 40psidiv
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Ultra-Low Power PMIC Featuring Single-Inductor, MAX77658
3-Output Buck-Boost, 2-LDOs, Power-Path

Charger, and Fuel Gauge for Small Li+

(Typical Applications Circuit. VcHgIN = OV, Vgys = VIN_sBB = VBATT = 3.7V, V|g = 3.3V, Tp = +25°C, SIMO in automatic operation

mode, Vgpgg = 1.8V, IP_SBBO =0.5A, Vggg1 = 1.1V, IP_SBB1 =0.5A, Vggg2 = 3.3V, IP_SBBZ =1.0A, unless otherwise noted. Inductor
= DFE201610E-1R5M, 1.5uH, 91mQ.)

DYNAMIC VOLTAGE CHANGE GPI02 ALTERNATE MANUAL RESET
BY I2C MODE: DISQBAT FUNCTIONALITY
toct! toct toc12
— o |2Vvidiv 2Vidiv )
nEN [ nEN INPUSH-BUTTONMODE [~ oV/div
SCL ol GPIO2 | Ve | b i L )
DEVICE ACKNOWLEDGE CHGIN =5
N Vidiv V. S48V
sys| SYREE T Widiv Veppo |mmimaab ket
V. 1Vidiv
SDA|— 2 soomvieiv -
\ 150mA
BATT
nRST
0.8V Isgg0 = 10mA — BATT TO SYS MANUAL RESET TIME = 4s
Vsago 0mA DISCONNECTED 400 a iy - SVidiv
10ps/div 20ms/div 1sfdiv
CHGIN SUPPLY CURRENT vs. CHGIN CHGIN SUPPLY CURRENT vs. CHGIN CHARGE PROFILE
VOLTAGE (USB NOT SUSPENDED) VOLTAGE (USB SUSPENDED) 105mAh BATTERY
120 = 50 = 45 212 180
Isys = OmA Vera RISING Vearr (V)
L T T — 5 [Vgarr =36V 40 T Voo 160
6 Vsys =4.1V 40 35 oc = 75mA - 140
Vparr = 3.6V 35 Vpq = 3.0V
30 - 120
114 Pearr=4.0V _ 30 Ipq = 10% _
H 1 VgarT = 4.4V [ 3 ) S 25 Irerm = 15% - 100
Rt et z o g
2 110 P el ol £ 5 >“E" 20 o (™) tTCPOFF Lo 80 ;%
: A et
—_— 15 / 15 \ 60
108 [ o 10 \ 0
1.06 5 05 \\ 2
1.04 0 0.0 0
4 5 6 7 4 5 6 7 0.0 05 10 15 20
Venain (V) Venain (V) TIME (hr)
BATT BIAS CURRENT vs. BATTERY ENTERING SUPPLEMENT MODE
VOLTAGE BATT TO SYS FET RESISTANCE DUETOLOAD TRANSONSYS
10.0 foct! 160 focl7. )
CHARGER DISABLED CH;'(NS ‘ TGN =5 ] vidiv
95 [FG IN HIBERNATE MODE ) T 4 Vidiv
90 VeHon =5V 150 AT e Vidiv
8.5 _ \
o 140
g 80 % = \\
ET — 2 1w Iesa Jn| 100mAVdiv
= =
) @ levs [ [ [TV
el 8 120 Isys = OmA
6.5 oy Isys = 10mA N— | CC=60mA
el et B
6.0 Isys = 150mA IgaTT = 0MA
./J'/ 110 | . [—
o5 Isys = 300mA ‘
- Isys = 500mA AT 100mAdiv
5.0 100 - -
36 44 46 30 35 40 45 50 55 Amsidiv
VearT (V) Vearr (V)

www.analog.com Analog Devices | 18



Ultra-Low Power PMIC Featuring Single-Inductor,
3-Output Buck-Boost, 2-LDOs, Power-Path
Charger, and Fuel Gauge for Small Li+

MAX77658

(Typical Applications Circuit. VcHgIN = OV, Vgys = VIN_sBB = VBATT = 3.7V, V|g = 3.3V, Tp = +25°C, SIMO in automatic operation
mode, Vgpgg = 1.8V, IP_SBBO =0.5A, Vggg1 = 1.1V, IP_SBB1 =0.5A, Vggg2 = 3.3V, IP_SBBZ =1.0A, unless otherwise noted. Inductor

= DFE201610E-1R5M, 1.5uH, 91mQ.)

POWER-UP SEQUENCE
(CHARGER PLUGGED IN) o
ac
1Vidiv
sYs
5Vidiv
1Vidiv
CHGIN Veggz, SLOT2
Vsggo, SLOTO. 1Vidiv
Vggg1, SLOTA 1Vidiv
e = A CHONMS0. ¢ _[1vidiv
40ms/div
SIMO SHORT DETECTION (HEAVY LOAD) v
toc:
v Isgp1/2 = 50MA
SBB0 jle==y Ip_segoriz = 1A
- FRRESE SSR Sueets Sm—" s, .,/ |, [\
Vsaat [\ 11| 200mvidiv
Vspg2 200mVidiv
nIRQ —— SBBO_FM =0
5V/div
200ps/div
SBB EFFICIENCY vs. OUTPUT
CURRENT (Vgg, = 3.3V, PER PEAK
CURRENT LIMIT)
100 ooz
Vix s = 3.7V
9 |SMOINAUTOLPM |
90
& 8
> ____&?"_;——é'
(&}
g ® /______
[&]
B
w
70 Ip_sgg = 0.33A -
Ip_sgs = 0.50A
85 Ip_sas = 0.75A "
o I 585 = 1.00A
0.0001 0.001 0.01 0.1 1
lour (A)

www.analog.com

EFFICIENCY (%)

VsgBo

Vsaat

VSBBZ -

lgaTT

Vsggo[-

Vsga1

Vsge2

x|

nIRQ

100
95
90
85
80
75
70
65

60

0.0001

SIMO SOFT-START

toc20

500mVi/div

Ip_sasor1/2 = 0.5A

500mV/div

SLOTO
2Vidiv
SLOT1

SLOT2

f [ 100mA/div

1ms/div

SIMO SHUTDOWN SEQUENCE FROM
SHORT EVENT

toc23

SBB_F_SHUTDN =m1 Vidiv

SBB0 SHORTED

2Vidiv

Isggort/2= 10mA i
p_spgor1i2 = 0-5A v
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SIMO SHORT DETECTION (LIGHT LOAD)
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Ultra-Low Power PMIC Featuring Single-Inductor, MAX77658
3-Output Buck-Boost, 2-LDOs, Power-Path

Charger, and Fuel Gauge for Small Li+

(Typical Applications Circuit. VcHgIN = OV, Vgys = VIN_sBB = VBATT = 3.7V, V|g = 3.3V, Tp = +25°C, SIMO in automatic operation
mode, Vgpgg = 1.8V, IP_SBBO =0.5A, Vggg1 = 1.1V, IP_SBB1 =0.5A, Vggg2 = 3.3V, IP_SBB2 =1.0A, unless otherwise noted. Inductor

= DFE201610E-1R5M, 1.5uH, 91mQ.)

SBB EFFICIENCY vs. OUTPUT
CURRENT (Vggg, = 0.8V, PER PEAK

SBB EFFICIENCY vs. OUTPUT
CURRENT (Vgg, = 0.5V, PER PEAK

SBB EFFICIENCY vs. OUTPUT
CURRENT (Vgg, = 5V, PER INPUT
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SBB EFFICIENCY vs. OUTPUT SBB EFFICIENCY vs. OUTPUT
CURRENT (Vggg, = 3.3V, PER INPUT SBB EFFICIENCY vs. OUTPUT CURRENT CURRENT (Vggg, = 1.2V, PER INPUT
VOLTAGE) (Vsgay = 1.8V, PER INPUT VOLTAGE) VOLTAGE)
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95 fSIMOINAUTOLPM— 95 [SIMOINAUTOLPM— 95 [SIMOINAUTOLPM—
N —
90 90 = 90
R T
s 8 s 8 S 8
> > >
s 4 ————— 5 5
w w w
5} o o
= 75 E 75 = 75
o w w
70 70 70
ViN=3.0V Viy =3.0V Viy =3.0V
65 N =37V 65 =37V 65 =37V
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4
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Ultra-Low Power PMIC Featuring Single-Inductor,
3-Output Buck-Boost, 2-LDOs, Power-Path
Charger, and Fuel Gauge for Small Li+

MAX77658

(Typical Applications Circuit. VcHgIN = OV, Vgys = VIN_sBB = VBATT = 3.7V, V|g = 3.3V, Tp = +25°C, SIMO in automatic operation
mode, Vgpgg = 1.8V, IP_SBBO =0.5A, Vggg1 = 1.1V, IP_SBB1 =0.5A, Vggg2 = 3.3V, IP_SBBZ =1.0A, unless otherwise noted. Inductor

= DFE201610E-1R5M, 1.5uH, 91mQ.)

SIMO LOAD REGULATION
(Vsgax = 3.3V)
345 loc37
ViN_ssg = 3.7V
340 |SIMO OPERATING MODE = AUTO————————
MAIN BIAS = NPM
335
330 <§‘\
S 32 \
5
3 320 \
315
Ip_sgp = 0.33A
310 1, e = 0,500
3.05 Hp ses=0.75A
Ip sgs = 1.00A
3.00 —
0.001 001 04 1
lout (A)
SIMO LOAD REGULATION
(Vsgex = 0.8V)
1.00 foc
Vix s = 3.7V
095 [SIMO OPERATING MODE = AUTO™ ]|
090 IMAINBIAS = NPM i
085 —
080
=
£ 075
= 010
065 [ c55=033A
060 Hp sgs = 0.50A
055 | see=0.75A
Ip_sgs = 1.00A
0.50
0.001 0.01 04 1
lout (A)
SBB0 LOAD TRANSIENT
tocd3
100mA
Isgzo | 1OMA
3.3V, Ip ggpo = 1A
Vsggo |
Vg |18V Ip_sas1 = 05A, 1s\Bg2‘=\ 1\0(“:“\ o )
VATV AN AN AN N 50mvirdiv
V5882 1.1V, Ip gy = 0.5A, lggg, =10mA

100ps/div
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0.01 0.1 1
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SIMO LOAD REGULATION
(Vsgey = 0.5V)
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Vin_sgs = 3.7V
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_ﬁ_\
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SIMO LOAD REGULATION
(Vspay = 1:2V)
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Ultra-Low Power PMIC Featuring Single-Inductor,
3-Output Buck-Boost, 2-LDOs, Power-Path
Charger, and Fuel Gauge for Small Li+

MAX77658

(Typical Applications Circuit. VcHgIN = OV, Vgys = VIN_sBB = VBATT = 3.7V, V|g = 3.3V, Tp = +25°C, SIMO in automatic operation
mode, Vgpgg = 1.8V, IP_SBBO =0.5A, Vggg1 = 1.1V, IP_SBB1 =0.5A, Vggg2 = 3.3V, IP_SBBZ =1.0A, unless otherwise noted. Inductor
= DFE201610E-1R5M, 1.5uH, 91mQ.)

Vsgso

VSEm

Vssg2

SIMO SWITCHING UTILIZATION
LIGHT (10mA PER CHANNEL)

toc46

Ip_spex = 0.75A

10ps/div
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Ultra-Low Power PMIC Featuring Single-Inductor,
3-Output Buck-Boost, 2-LDOs, Power-Path

Charger, and Fuel Gauge for Small Li+

Pin Configurations
WLP

MAX77658

TOP VIEW
(BUMP SIDE DOWN) MAX77658
1 2 3 4 5 6
+
S A R A S
\\ // \\ // \\ /, \\ \\ /, \\ 7/
CHGIN SYS BATT CHGR TH SYSFG NC
{ ) { Voo Vool [ ) {
\\ // \\ ! \\ // \\ " \\ // \\
' GPI102 Vio SCL ALRT BATT
S A O T A
\\ // \\ / \\ // \\ \\ ! \\
AMUX GPIO1 GND SDA REG GND
{ ) { Voo Vool Vool ) {
\\ // \\ // \\ // \\ " \\ // \\ 7’
nE/N GPIO0 GND SBB1 SBB2 IN_SBI
{ Vool Vol VoY
\\ // \\ ! \\ // \\ // \\ // \\ 7/
LDO1 IN_LDO1 nIRQ LXB LXB LXA
{ ) { Voo Vool Vool ) (
\\ // \\ ! \\ ! \\ 7/ \\ // \\
LDOO0 IN_LDQO nRST SBBO BST PGND

WLP

(3.228mm x 2.958mm x 0.5mm, 0.5mm PITCH)
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Ultra-Low Power PMIC Featuring Single-Inductor, MAX77658
3-Output Buck-Boost, 2-LDOs, Power-Path
Charger, and Fuel Gauge for Small Li+

Pin Descriptions

PIN NAME FUNCTION Type
A6 NC Not connected.
TOP LEVEL
B3 VIO I2C Interface and GPIO Driver Power F;:;ﬁr
Active-Low Enable Input. EN supports_push-button, slide-switch, or logic mode
D1 EN configurations. If not used, connect EN to SYS and use the Digital
n
CNFG_SBBx_B.EN_SBBx[2:0] and CNFG_LDOx_B.EN_LDOx[2:0] bitfields to enable Input
channels.
E3 IRQ Active-LowOpen-Drain Interrupt Output. Connect a 100kQ pullup resistor between IRQ and Digital
n a voltage equal to or less than Vgys. Output
F3 RST Active-Low, Open-Drain Reset Output. Connect a 100kQ pullup resistor between RST and Digital
n a voltage equal to or less than Vgys. Output
B2 GPI102 General Purpose Input/Output. The GPIO I/O stage is internally biased with V. Digital 1/0
Cc2 GPI10O1 General Purpose Input/Output. The GPIO I/O stage is internally biased with Vg. Digital 1/0
D2 GPI0O0 General Purpose Input/Output. The GPIO I/O stage is internally biased with V. Digital 1/0
B4 SCL | I2C Clock Digital
Input
c4 SDA I2C Data Digital I/O
Analog Multiplexer Output. Connect to system ADC to perform conversions on charger Analog
C1 AMUX .
power signals. Output
C3|,3§)6, GND Quiet Ground. Connect GND to PGND, and the low-impedance ground plane of the PCB. Ground
CHARGER
Al CHGIN Charger Input. Connect to a DC charging source. Bypass to PGND with a 4.7 uF ceramic Power
capacitor. Input
A2 SYS System Power Output. SYS provides power to the system resources as well as the control Power
logic of the device. Connect to IN_SBB and bypass to GND with a 22F ceramic capacitor. Output
BATT Battery Connection to the Charger. Connect to SYS FG pin if fuel gauge is intended to be
A3 CHGR used. Otherwise, connect to positive battery terminal. Bypass to GND with a 4.7uF ceramic | Power I/O
capacitor.
B1 v Internal charger 3V logic supply powered from CHGIN. Bypass to GND with a 1uF ceramic Power
L capacitor. Do not load V|_externally. Output
Ad TH Thermistor Input. Connect a thermistor from TH to GND. TH also provides battery

insertion/removal detection. Connect to BATT if not used.

SIMO BUCK-BOOST

D6 IN SBB SIMO Power Input. Connect IN_SBB to SYS and bypass to PGND with a minimum of 10uF Power

ceramic capacitor as close as possible to the IN_SBB pin. Input
SIMO Buck-Boost Output 0. SBBO is the power output for channel 0 of the SIMO buck- Power
F4 SBBO boost. Bypass SBBO0 to PGND with a 22uF ceramic capacitor. If not used, see the Unused Output

Outputs section.
SIMO Buck-Boost Output 1. SBB1 is the power output for channel 1 of the SIMO buck-

D4 SBB1 boost. Bypass SBB1 to PGND with a 22uF ceramic capacitor. If not used, see the Unused CP)Z\tApl)irt
Outputs section.
SIMO Buck-Boost Output 2. SBB2 is the power output for channel 2 of the SIMO buck- Power

D5 SBB2 boost. Bypass SBB2 to PGND with a 22uF ceramic capacitor. If not used, see the Unused Output
Outputs section.

F5 BST SIMO Power Input for the High-Side Output NMOS Drivers. Connect a 10nF ceramic Power
capacitor between BST and LXB. Input
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Ultra-Low Power PMIC Featuring Single-Inductor, MAX77658
3-Output Buck-Boost, 2-LDOs, Power-Path
Charger, and Fuel Gauge for Small Li+

Switching Node B. LXB is driven between PGND and SBBx when SBBx is enabled. LXB is Power
E4, E5 LXB driven to PGND when all SIMO channels are disabled. Connect a 1.5uH inductor between Input
LXA and LXB.
Switching Node A. LXA is driven between PGND and IN_SBB when any SIMO
E6 LXA channel is enabled. LXA is driven to PGND when all SIMO channels are disabled. | power I/O
Connect a 1.5uH inductor between LXA and LXB.
F6 PGND _Power ground for the SIMO low-side FETs. Connect PGND to GND, and the low- Ground
impedance ground plane of the PCB.
LDO
Linear Regulator Input. If connected to a SIMO output with a short trace, IN_LDOO can Power
F2 IN_LDOO | share the output's capacitor. Otherwise, bypass with a 2.2uF ceramic capacitor to ground. Input
If not used, connect to ground or leave unconnected.
Linear Regulator Input. If connected to a SIMO output with a short trace, IN_LDO1 can Power
E2 IN_LDO1 | share the output's capacitor. Otherwise, bypass with a 2.2uF ceramic capacitor to ground. Input
If not used, connect to ground or leave unconnected.
F1 LDOO Linear Regulator Output 0. Bypass with a 1.0uF ceramic capacitor to GND. If not used, Power
disable LDOO and connect this pin to ground or leave unconnected. Output
E1 LDOA Linear Regulator Output 1. Bypass with a 1.0uF ceramic capacitor to GND. If not used, Power
disable LDO1 and connect this pin to ground or leave unconnected. Output
FUEL GAUGE
B5 ALRT Alert Output. The ALRT pin is an open-drain active-low output which indicates fuel-gauge
alerts. Connect to GND if not used.
Internal 1.8V Regulator Output. Bypass with an external 0.47 yF capacitor to GND. Do not
C5 REG
load externally.
A5 SYS FG | System Power of Fuel Gauge. Connect to BATT CHGR or connect to system load.
B6 BATT IC Power Supply and Battery Voltage Sense Input. Connect to the positive terminal of a
battery cell. Bypass with a 4.7uF capacitor to GND.
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Ultra-Low Power PMIC Featuring Single-Inductor, MAX77658
3-Output Buck-Boost, 2-LDOs, Power-Path
Charger, and Fuel Gauge for Small Li+

Detailed Description
The MAX77658 provides a highly-integrated battery charging and power management solution for low-power applications.

The linear charger can charge various Li+ batteries with a wide range of charge current and charger termination voltage
options. Temperature monitoring and JEITA compliance settings add additional functionality and safety to the charger.

Five regulators are integrated within this device (see Table 7). A single-inductor, multiple output (SIMO) buck-boost
regulator provides three highly-efficient and independently programmable power rails. Two 150mA low-dropout linear
regulators (LDOs) provide ripple rejection for audio and other noise sensitive applications.

An ultra-low power fuel gauge that implements the ModelGauge m5 EZ algorithm is also packed into the MAX77658. The
ModelGauge m5 algorithm combines the short-term accuracy and linearity of a coulomb-counter with the long-term
stability of a voltage-based fuel gauge, along with temperature compensation to provide industry-leading fuel gauge
accuracy. The additional robustness from the ModelGauge m5 EZ algorithm enables simpler implementation for most
applications and batteries by avoiding time-consuming battery characterization.

This device includes other features such as an analog multiplexer that switches several internal voltage and current
signals to an external node for monitoring with an external ADC. A bidirectional 12C serial interface allows for configuring
and checking the status of the device. An internal on/off controller provides regulator sequencing and supervisory
functionality for the device.

Table 1. Regulator Summary

REGULATOR REGULATOR MAXIMUM loyT ViN MAX77658 VOUT RANGE/
NAME TOPOLOGY (mA) RANGE RESOLUTION
SBBO SIMO Up to 500* 2.7 10 5.5V 0.5V to 5.5V in 25mV steps
SBB1 SIMO Up to 500* 2.7 to 5.5V 0.5V to 5.5V in 25mV steps
SBB2 SIMO Up to 750* 2.7 10 5.5V 0.5V to 5.5V in 25mV steps
LDOO0M PMOS LDOs 150 1.7 to 5.5V 0.5V to 5V.in 25mV steps

*Shared capacity with other SBBx channels. See the SIMO Available Output Current section for more information.

Part Number Decoding

The MAX77658 has different one-time programmable (OTP) options to support a variety of applications. OTP options set
default settings such as output voltage or CHGIN current limit. See Figure 1 for how to identify these. Table 2 list all
available OTP options. Refer to the Analog Devices naming convention for more details.

MAX77638 | X |A|N[X|+|T

BASE PART NUMBER TAPE-AND-REEL
OTP OPTION LEAD-FREE (RoHS)
OPERATING TEMP. RANGE NUMBER OF PINS
PACKAGE TYPE

Figure 1. Part Number Decode

www.analog.com Analog Devices | 26
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3-Output Buck-Boost, 2-LDOs, Power-Path

Charger, and Fuel Gauge for Small Li+

Table 2. OTP Options Table

MAX77658

www.analog.com

OTP LETTER AND SETTINGS
BIT FIELD
BLOCK NAME SETTING NAME A B L S w
SBIA_LPM Bias Low-Power Mode NPM NPM NPM NPM NPM
DBEN_nEN nEN Debounce Time 500us 500us 500us 500us 500us
nEN_MODE nEN Mode PushButton PushButton SS\:\I/?t; PushButton | PushButton
T_MRST Manual Reset Time 8s 8s 8s 8s 8s
Global ALT_GPIO0 GPIO0 Mode GPIO GPIO GPIO GPIO GPIO
oba
ALT _GPIO1 GPIO1 Mode GPIO Alt. GPIO GPIO GPIO
ALT_GPIO2 GPIO2 Mode GPIO GPIO GPIO GPIO GPIO
ADDR I2C Address (7-Bit) 0x48 0x48 0x48 0x40 0x40
Device ID for Metal 0b0
DIDM Options 0b0 0b0 0b0 0b0
CID[4:0] Chip ID 0x01 0x0B 0x11 0x12 0x15
WDT_LOCK Watchdog Timer Unlocked Unlocked | Unlocked | Unlocked | Unlocked
Disable Control
Watchdog Watchdog Timer
WDT_EN Enable 9 Disabled Disabled Disabled Enabled Disabled
SBB_F_SHUTDN | SBB Shutdown from Disabled Disabled Disabled | Disabled | Disabled
SBB Faults
TV_SBBO[7:0] SBBO Vout 3.300V 1.100V 4.400V 1.8V 1.825V
IP_SBBO[1:0] SBBO Inductor Current 1.000A 0.500A 1.000A 1.000A 0.333A
Peak Limit
OP_MODE[1:0] . . . Buck
(SBBO) SBBO0 Operating Mode Automatic Automatic Boost Buck Buck
ADE_SBBO Active-Discharge Enabled Enabled Enabled | Enabled Enabled
Resistor Enable
EN_SBBO0[2:0] SBBO Enable Control FPS Slot 0 Off FPS Slot0 | FPS Slot3 | FPS Slot0
TV_SBB1[7:0] SBB1 Vout 1.500V 1.800V 1.800V 0.800V 2.000V
IP_SBB1[1:0] SBBT Inductor Current 1.000A 0.500A 1.000A 0.500A 0.333A
SIMO Peak Limit
OP_MODE[1:0] Buck
(SBB1) SBB1 Operating Mode Automatic Automatic Automatic Buck
ADE_SBB1 Active-Discharge Enabled Enabled Enabled | Enabled Enabled
Resistor Enable
EN_SBB1[2:0] SBB1 Enable Control FPS Slot 0 On FPS Slot 1 Off Off
TV_SBB2[7:0] SBB2 Vout 0.900V 3.300V 1.100V 0.650V 3.300V
IP_SBB2[1:0] SBB2 Inductor Current 1.000A 1.000A 1.000A 0.500A 0.500A
Peak Limit
OP_MODE[1:0] Automatic
(SBB2) SBB2 Operating Mode Automatic Automatic Automatic Buck
ADE_SBB2 Active-Discharge Enabled Enabled Enabled | Enabled Enabled
Resistor Enable
EN_SBB2[2:0] SBB2 Enable Control FPS Slot 0 Off FPS Slot 1 Off Off
TV_OFS_LDOO
and LDOO Vout 1.800V 1.800V 1.800V 4.000 1.825V
LDO TV_LDOO[6:0]
LDOO_MD LDO or LSW Mode LDO LSw LSW LSW LDO
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Ultra-Low Power PMIC Featuring Single-Inductor, MAX77658
3-Output Buck-Boost, 2-LDOs, Power-Path
Charger, and Fuel Gauge for Small Li+
OTP LETTER AND SETTINGS
ADE_LDOO Active-Discharge Enabled Enabled Disabled | Enabled Enabled
Resistor Enable
EN_LDOO0[2:0] LDOO Enable Control FPS Slot 0 Off FPS Slot 0 Off Off
TV_OFS_LDO1
and LDO1 Vout 1.800V 1.800V 1.800V 1.800V 2.800V
TV_LDO1[6:0]
LDO1_MD LDO or LSW Mode LDO LDO LDO LSW LDO
ADE_LDO1 Active-Discharge Enabled Enabled Disabled | Enabled Enabled
Resistor Enable
EN_LDO1[2:0] LDO1 Enable Control FPS Slot 0 Off FPS Slot 0 Off Off
CHG_EN Charger Enable Disabled Enabled Enabled Enabled Enabled
Charger
g ICHGIN_LIM_DE | Default Charger Input 475mA 475mA 475mA 475mA 475mA
F Current Limit

*Future OTP option. Contact Analog Devices for availability.

Support Material
The following support materials are available for this device:

o MAX77658 Programmer's Guide: Basic software implementation advice. Contact Analog Devices for document

availability.
o MAX77658 SIMO Calculator: Tool to estimate supported maximum current and ripple for specified conditions.
e ModelGauge m5 EZ User Guide

» Documents full fuel gauge register set

* More details about ModelGauge m5 algorithm

» Discusses additional applications

e ModelGauge mb5 EZ Software Implementation Guide

» Guidelines for software drivers for ModelGauge m5 EZ including example code
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Top-Level Interconnect Simplified Diagram

Fiqure 2 shows the same major blocks as the Typical Application Circuits with an increased emphasis on the routing
between each block. This diagram is intended to familiarize the user with the landscape of the device. Many of the details
associated with these signals are discussed throughout the data sheet. At this stage of the data sheet, note the addition
of the main bias and clock block that are not shown in the Typical Application Circuits section. The main bias and clock
block provides voltage, current, and clock references for other blocks as well as many resources for the top-level digital
control.

MAX77658 | o IRQ_CHG
- Veer CHGINPOK
|| CHARGER

Vier SYS_RST AND
SYS MANBIAS | —oroWLO = MUx AMUX
ANDCLOCK [ —SYSOVLO IRQ_CHG
— 0o IRQ_CHG - »
LI POR 3 |
I BOK
BIAS_EN
SBIA_LPM
SIMO
500ps/30ms _—
] DEBOUNCE DBEN_nEN
TIMER
toeNG_nEN -DBNEN LDOO
Vio
10ns/30ms | | _— TOP-LEVEL
DEBOUNCE DBEN_GPI DIGITAL 1001
J> TMER || CONTROL
GPIO0 toBNG_nEN
———— <0 }— ART |
COMM FUEL GAUGE ALRT
Vio
RST
DBEN_GPI | melf
GPIO1 GPO AND GPI BUFFERS AND RST
DEBOUNCE TIMER
Do — nra |
Vio IRQ_TOP »>—|
DBEN_GPI |
GPI102 GPO AND GPI BUFFERS AND SDA
DEBOUNCE TIMER
2
0 COMM l2C scl

Figure 2. Top-Level Interconnect Simplified Diagram
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Detailed Description—Global Resources

The global resources encompass a set of circuits that serve the entire device and ensure safe, consistent, and reliable
operation.

Features and Benefits

¢ Voltage Monitors
* SYS POR (power-on-reset) comparator generates a reset signal upon power-up.
« SYS undervoltage ensures repeatable behavior when power is applied to and removed from the device.
« SYS overvoltage monitor inhibits operation with overvoltage power sources to ensure reliability in faulty
environments.
e Thermal Monitors
* +145°C junction temperature shutdown
e Manual Reset
* 4s or 8s period
e Wake-Up Events Charger insertion (with 120ms debounce) nEN input assertion
e Interrupt Handler
+ Digital interrupt output (nIRQ)
« All interrupts are maskable
e Push-Button/Slide-Switch/Logic Mode On-key (nEN)
+ Configurable push-button/slide-switch/logic mode functionality
+ 500us or 30ms debounce timer interfaces directly with mechanical switches
e On/Off Controller
+ Startup/shut-down sequencing
* Programmable sequencing delay

e GPIO, RST Digital I/0s

Voltage Monitors

The device monitors the system voltage (Vgys) to ensure proper operation using three comparators (POR, UVLO, and
OVLO). These comparators include hysteresis to prevent their outputs from toggling between states during noisy system
transitions.

SYS POR Comparator

The SYS POR comparator monitors Vgys and generates a power-on reset signal (POR). When Vgyg is below VpoR,
the device is held in reset (SYSRST = 1). When Vgys rises above VpoR, internal signals and on-chip memory stabilize
and the device is released from reset (SYSRST = 0).

SYS Undervoltage-Lockout Comparator

The SYS undervoltage-lockout (UVLO) comparator monitors Vgys and generates a SYSUVLO signal when the Vgys

falls below UVLO threshold. The SYSUVLO signal is provided to the top-level digital controller. See Fiqure 7 and Table 6
for additional information regarding the UVLO comparator:

o When the device is in the shutdown state, the UVLO comparator is disabled.

¢ When transitioning out of the shutdown state, the UVLO comparator is enabled allowing the device to check for
sufficient input voltage. If the device has sufficient input voltage, it can transition to the resource on state; if there is
insufficient input voltage, the device transitions back to the shutdown state.

SYS Overvoltage-Lockout Comparator

The device is rated for 5.5V maximum operating voltage (Vgys) with an absolute maximum input voltage of 6.0V. An

overvoltage-lockout monitor increases the robustness of the device by inhibiting operation when the supply voltage is
greater than VgysovLo- See Figure 7 and Table 6 for additional information regarding the OVLO comparator:

¢ When the device is in the shutdown state, the OVLO comparator is disabled.
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Thermal Monitors
MAX77658 has three global on-chip thermal sensors:

e Junction Temperature Alarm 1 — 80°C

e Junction Temperature Alarm 2 — 100°C

e Junction Temperature Shutdown — 145°C

The junction temperature alarms have maskable rising interrupts as well as status bits (see the Register Map section for
more information). Unmasking these thermal alarms is recommended for all systems. If the first alarm is triggered, the
system software should attempt to lower system power dissipation. If the second alarm is triggered, then attempts to lower
the power dissipation were unsuccessful and the system software should turn the device off. Finally, if the junction
temperature rises to junction temperature shutdown, then the MAX77658 sets the ERCFLAG.TOVLD bit and
automatically turns itself off.

After a junction temperature shutdown event, the system can be enabled again. The system software can read the
ERCFLAG register during initialization to see ERCFLAG.TOVLD = 1 and log that an extreme thermal event has occurred.

Chip Identification

The MAX77658 offers different one-time-programmable (OTP) options to, for example, set the default output voltages.
These options are identified by the chip identification number, which can be read in the CID register.

nEN Enable Input

nEN is an active-low internally debounced digital input that typically comes from the system’s on-key. The debounce time
is programmable with CNFG_GLBLO.DBEN_nENT[1:0]. The primary purpose of this input is to generate a wake-up signal
for the PMIC that turns on the regulators. Maskable rising/falling interrupts are available for nEN (/INT_GLBL0.nEN_R and
INT_GLBLO.nEN_F) for alternate functionality.

The nEN input can be configured to work either with a push-button (CNFG_GLBL.nEN_MODE[1:0] = 0b00), a slide-switch
(CNFG_GLBL.nEN_MODE[1:0] = 0b01), or Logic Mode (CNFG_GLBL0.nEN_MODE[1:0] = 0b10). See Figure 3 for more
information. In both push-button mode and slide-switch mode, the on/off controller looks for a falling edge on the nEN
input to initiate a power-up sequence.

nEN Manual Reset

nEN works as a manual reset input when the on/off controller is in the "Resource-On" state. The manual reset function is
useful for forcing a power-down in case communication with the processor fails.

When nEN is configured for push-button mode and the input is asserted (hnEN = LOW) for an extended period (tpMRST),

the on/off controller initiates a power-down sequence and goes to Shutdown mode. When nEN is configured for slide-
switch mode and the input is deasserted (nEN = HIGH) for an extended period (tpmRrsT), the on/off controller initiates a

power-down sequence and goes to Shutdown mode.

When nEN is configured as a logic mode, the on/off controller initiates a power-up sequence and goes into Resource ON
mode when the input is asserted (nEN = LOW). When the input is deasserted (nEN = HIGH), the on/off controller initiates
a power-down sequence and goes into Shutdown mode.

nEN Triple-Functionality: Push-Button vs. Slide-Switch vs. Logic

The nEN digital input can be configured to work with a push-button, a slide-switch, or a logic input. The following timing
diagram shows nEN's triple functionality for power-on sequencing and manual reset. The default configuration of the
device is push-button mode (CNFG_GLBLO.nEN_MODE = 0b00) and no additional programming is necessary.

Applications that use a slide-switch on-key and logic configuration must set CNFG_GLBL0.nEN_MODE = 0b01 and
CNFG_GLBL0.nEN_MODE = 0b10 respectively within t\yRsT.
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Figure 3. nEN Usage Timing Diagram

nEN Internal Pullup Resistors to VccINT

The nEN logic thresholds are referenced to VccnT. There are internal pullup resistors between nEN and VcgoINT
(RnEN_PU), Which can be configured with the CNFG_GLBL.PU_DIS bit. See Figure 4. While CNFG_GLBL.PU_DIS =0,
the pullup value is approximately 200kQ. While CNFG_GLBL.PU_DIS = 1, the pullup value is 10MQ.

Applications using a slide-switch on-key or logic mode can reduce quiescent current consumption by changing pullup

strength to 10MQ. Applications using normally-open, momentary, and push-button on-keys (as shown in Figure 4) do not
create this leakage path and should use the stronger 200kQ pullup option.

VCCINT
o] SWITCH CONTROL
PU_DIS | SWITCH | RneEN PU
10MQ 000 000 | CLOSED | ~200kQ
b OPEN | 10MQ
ONKEY nEN
oJ o

Figure 4. nEN Pullup Resistor Configuration
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Debounced Input

The nEN is debounced on both rising and falling edges to reject undesired transitions. The input must be at a stable logic
level for the entire debounce period for the output to change its logic state. Figure 5 shows an example timing diagram
for the nEN debounce.

NOT DRAWN TO SCALE STABLE STABLE
BOUNCING IS~ SIGNALIS BOUNCING IS ~ SIGNALIS
REJECTED ACCEPTED REJECTED ACCEPTED

T T
« NN il

—» -— tpur —» - tppur

DBEN toBNC_neN — [-— toNC_nEN — [-—
(INTERNAL)

Figure 5. Debounced Input

Interrupts (nIRQ)

nIRQ is an active-low, open-drain output that is typically routed to the host processor's interrupt input to signal an important
change in device status. See the Register Map section for a comprehensive list of all interrupt bits and status registers.
A pullup resistor to a voltage less than or equal to Vgysg is required for this node. nIRQ is the logical NOR of all unmasked
interrupt bits in the register map.

All interrupts are masked by default. Masked interrupt bits do not cause the nIRQ pin to change. Unmask the interrupt
bits to allow nIRQ to assert.

Reset Output (nRST)

nRST is an open-drain, active-low output that is typically used to hold the processor in a reset state when the device is
powered down. During a power-up sequence, the nRST deasserts after the last regulator in the power-up chain is enabled
(tRsTODD)- During a power-down sequence, the nRST output asserts before any regulator is powered down (tRsTOAD)-

See Figure 11 for nRST timing.
A pullup resistor to a voltage less than or equal to Vgysg is required for this node.

General-Purpose Input Output (GPIO)

The MAX77658 provides general-purpose input/output (GPIO) pins to increase system flexibility. See Figure 6 for more
details.

Clear CNFG_GPIOx.DIR to configure GPIO as a general-purpose output (GPO). The GPO can either be in push-pull
mode (CNFG_GPIOx.DRV = 1) or open-drain mode (CNFG_GPIOx.DRV = 0).

e The push-pull output mode is ideal for applications that need fast (~2ns) edges and low power consumption.
e The open-drain mode requires an external pullup resistor (typically 10kQ to 100kQ). Connect the external pullup
resistor to a bias voltage that is less than or equal to V|o.

* The open-drain mode can be used to communicate to different logic domains. For example, to send a signal from
the GPO on a 1.8V logic domain (V|o = 1.8V) to a device on a 1.2V logic domain, connect the external pullup
resistor to 1.2V.

* The open-drain mode can be used to connect several open-drain (or open-collector) devices together on the
same bus to create wired logic (wired AND logic is positive-true; wired OR logic is negative-true).

o The general-purpose input (GPI) functions are still available while the pin is configured as a GPO. In other words, the
CNFG_GPIOx.DI (input status) bit still functions and does not collide with the state of the CNFG_GPIOx.DIR bit.
Set CNFG_GPIOx.DIR to have the GPIO function as a GPI. The GPI features a 30ms debounce timer (tppnc_gPi) that

can be enabled or disabled with DBEN_GPI.
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e Enable the debounce timer (CNFG_GPIOx.DBEN_GPI = 1) if the GPI is connected to a device that can bounce or
chatter, like a mechanical switch.

o If the GPI is connected to a circuit with clean logic transitions and no risk of bounce, disable the debounce timer
(CNFG_GPIOx.DBEN_GPI = 0) to eliminate logic delays. With no debounce timer, the GPI input logic propagates to
nIRQ in 10ns.

A dedicated internal oscillator is used to create the 30ms (tpgNc Gp1) debounce timer. To obtain low V| supply current,

ensure the GPIO voltage is either logic high or logic low. If the GPIO pin is unconnected (either as a GPI or an open-drain

GPO) and V| is powered, the GPIO voltage trends towards the logic level gray area (0.3 x V|0 < Vgpio < 0.7 x V|g). If

V@pio is in the gray area, V|g current can be more than 10pA.

The GPI features edge detectors that feed into the the top-level interrupt system of the chip. This allows software to use
interrupts to service events associated with a GPI change instead of polling for these changes.

¢ If the application wants nIRQ to go low only on a GPI rising edge, then it should clear the GPI rising edge interrupt
mask bit INTM_GLBL1.GPI_RM = 0) and set the GPI falling edge interrupt mask bit (INTM_GLBL1.GPI_FM = 1).

e If the application wants nIRQ to go low only on a GPI falling edge, then it should set the GPI rising edge interrupt
mask bit INTM_GLBL1.GPI_RM = 1) and clear the GPI falling edge interrupt mask bit (INTM_GLBL1.GPI_FM = 0).

e If the application wants nIRQ to go low on both GPI falling and rising edges, then it should clear the GPI rising
edge interrupt mask bit (INTM_GLBL1.GPI_RM = 0) and clear the GPI falling edge interrupt mask bit
(INTM_GLBL1.GPI_FM = 0).

SYS ]
™ DRVx
H DIRx
H DOx
H GPIx_RM Lt
COoMM CNFG_GPIOX [ GPIx_FM
1 DBNC_EN *
DIx |
GPIx R
GPIX_F
T
R DBNC_EN
— R~ READ |
(GPIX_R) . 30ms DEBOUNCE 4 e
(toBNC_GPI)
DLt DIRX
OTHER nIRQ ASSERTION Lose
o—— DOx
SOURCES NOT SHOWN R~ READ |
(GPIX_F) GND
» )]
[(4 «

Figure 6. GPIOx Block Diagram

Alternate Mode

Each GPIO in the MAX77658 can be configured to have a different function. Whether a particular GPIO is in GPIO mode
or an alternate mode can be checked by reading the CNFG_GPIOx.ALT_GPIOx bit. Table 3 summarizes the alternate
functions for each GPIO.

Table 3. GPIO Mode

CNFG_GPIOx REGISTER
ALT_GPIOx =0 ALT_GPIOx =1
GPIOO | Standard GPIO | Active-high input, enables force USB suspend (FUS). FUS is only active if the FUS_M bit is set to 0.
GPIO1 | Standard GPIO | Active-high input, controls the DVS feature for SBBO.
GPIO2 | Standard GPIO | Active-high input, enables DISQBAT.

GPIOx
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Table 4. CHGIN Suspend State Truth Table

CNFG_CHG_G.USBS CNFG_CHG_G.FUS_M GPIOO CHGIN TO SYS FET
0 0 0 ON
0 0 1 OFF
0 1 X ON
1 X X OFF

Table 5. Enabling/Disabling DISQBAT while GPIO2 is in Alternate Mode

GPIO2 CHARGING PATH FROM SYS TO BATT CHGR
0 ON
1 OFF

On/Off Controller

The on/off controller monitors multiple power-up (wake-up) and power-down (shutdown) conditions to enable or disable
resources that are necessary for the system and its processor to move between its operating modes.

Please note the on/off controller described in this section does not control the behavior of the on-chip fuel gauge.

Many systems have one power management controller and one processor. These systems rely on the on/off controller to
be the master controller. In this case, the on/off controller receives wake-up events and enables some or all of the
regulators to power-up a processor. That processor then manages the system. To conceptualize this master operation,
see Figure 7 and Table 6. A typical path through the on/off controller is:

1. Apply a battery and start in the Shutdown state.

2. Press the system's on-key (NEN = LOW) and follow transition 1 to the Resource-On state. If any resources are on the
FPS, transitions 3A and 3B are followed.

3. The device performs its desired functions in the Resource-On state. when it is ready to turn off, a manual reset first
drives the transition through transitions 4A and 4B to power down the device. Afterwards, the device automatically
follows transition 2 to the Shutdown state.

Some systems have several power management blocks, a main processor, and sub-processors. These systems can use
this device as a sub-power management block for a peripheral portion of circuitry as long as there is an 12C port available
from a higher level processor. To conceptualize this operation, see Figure 7 and Table 6. A typical path through the on/off
controller used in this way is:

1. Apply a battery to the system and start in the Shutdown state.

2. The higher level processor can now control this device's resources with 12C commands, e.g., turn on/off
regulators.

3. When the higher level processor is ready to turn this device off, it turns off everything through I2C to transition
along path 2 to the Shutdown state.

Note that in this style of operation, the CNFG_GLBL_SFT_CTRL[1:0] bits should not be used to turn the device off. The
CNFG_GLBL_SFT_CTRL[1:0] bits establish directives to the on/off controller itself that does not make sense in this sub-
power management block operation. If the processor uses 12C commands to enable the device's resources, the processor
should also use I2C commands to disable them.
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Top Level On/Off Controller

ACTION
SEQUENCE

®

TRANSITION NUMBER.
SEE ON/OFF CONTROLLER
TRANSITION/STATE TABLE

SHUTDOWN (BIAS OFF)
SPS' CONTROL
ALL RESOURCES OFF

A
RESET ACTIONS

A
OFF ACTIONS

RESOURCE ON
SPS' CONTROL
BIAS AND AT LEAST ONE
RESOURCE IS ON

4
FPS POWER-UP

FPS POWER-DOWN

Figure 7. Top Level On/Off Controller State Diagram

On/Off Controller Transition Table
Table 6. On/Off Controller Transition/State

TRANSITION CONDITION (TRANSITION HAPPENS WHEN...)
0A Software cold reset (CNFG_GLBL.SFT_CTRL[1:0] = 0b01) OR
Watchdog timer expired and caused reset (ERCFLAG.WDT_RST = 1, CNFG_WDT.WDT_MODE = 1)
0B Reset actions completed
Software power-off (CNFG_GLBL.SFT_CTRL[1:0] = 0b10) OR
Watchdog expired and caused power-off (ERCFLAG.WDT_OFF =1, CNFG_WDT.WDT_MODE = 0) OR
Chip over-temperature lockout (Tj > ToTL0) OR
oc SYS undervoltage lockout (Vsys < Vsysuvlo + Vsysuvlo_hys) OR
SYS overvoltage lockout (Vsys > Vsysovlo) OR
Manual reset occurred (ERCFLAG.MRST = 1)
0D Off actions completed
AMUX is being used (CNFG_CHG_I.MUX_SEL[3:0] # 0b0000) OR
1 CHGIN inserted and debounced (STAT_CHG_B.CHGIN_DTLS[1:0] = 0b11) OR
Any resources force enabled OR
Internal wake-up flags are set (see the Internal Wake-Up Flags section)
NOT (Transition 3)
Software cold reset (CNFG_GLBL.SFT_CTRL[1:0] = 0b01) OR
2 Software power-off (CNFG_GLBL.SFT_CTRL[1:0] = 0b10) OR
Watchdog timer expired OR
Manual reset occurred (ERCFLAG.MRT = 1)
FPS power-up sequence has not happened yet AND
3A Resources are not forced off AND
Internal wake-up flags are set (see the Internal Wake-Up Flags section)
3B FPS power-up sequence done
4A FPS power-up sequence completed AND
All resources are force disabled OR
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MAX77658

TRANSITION

CONDITION (TRANSITION HAPPENS WHEN...)

Software cold reset (CNFG_GLBL.SFT_CTRL[1:0] = 0b01) OR
Software power-off (CNFG_GLBL.SFT_CTRL[1:0] = 0b10) OR
Watchdog timer expired OR
Manual reset occurred (ERCFLAG.MRT = 1)

4B FPS power-down sequence finished
Chip over-temperature lockout (T > Totlo) OR
5A SYS undervoltage lockout (Vsys < VsysuvLo) OR

SYS overvoltage lockout (Vsys > VsysovLO)

5B System voltage is below POR threshold (Vsys< VPOR)

Internal Wake-Up Flags

After transitioning to the shutdown state because of a reset, to allow the device to power-up again, internal wake-up flags
are set to remember the wake-up request. In Figure 7 and Table 6, these internal wake-up flags trigger transitions 1 and
3A. The internal wake-up flags are set when any of the following happen:

e nEN is debounced (see the nEN Enable Input section)

» For example, after a push-button is pressed or a slide-switch switched to HIGH.
e CHGIN is debounced and valid (STAT_CHG_B.CHGIN_DTLS[1:0] = 0b11)

o Software cold reset command sent (CNFG_GLBL.SFT_CTRL[1:0] = 0b01)
¢ Watchdog timer expired and caused reset (ERCFLAG.WDT_RST =1, CNFG_WDT.WDT_MODE = 1)

Reset and Off Sequences

RESET ACTIONS OFF ACTIONS
EVENT RECORDER EVENT RECORDER
(ERCFLAG) LOGS (ERCFLAG) LOGS

RESET CAUSE POWER-OFF CAUSE
y Y
RESET FLAGS CLEARED: OFF FLAGS CLEARED:
WDT_EXP = 0 WDT_EXP = 0
v Y
WAIT 60ms ) WAIT 60ms )
v Y
RESET CONFIG RESET CONFIG
REGISTERS REGISTERS
v Y
INTERNAL WAKE-UP INTERNAL WAKE-UP
FLAGS SET FLAGS CLEARED

Figure 8. On/Off Controller Reset and Off-Action Sequences
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Power-Up/Down Sequence

MAX77658

FPS POWER-UP ACTIONS FPS POWER-DOWN ACTIONS
%
FPS ENABLE SLOT 0 ASSERT nRST
A 4 v
WAIT ten ) WAIT trstoan >
A 4 v
FPS ENABLE SLOT 1 FPS DISABLE SLOT 3
A 4 v
WAIT ten ) WAIT tpis )
A 4 v
FPS ENABLE SLOT 2 FPS DISABLE SLOT 2
y v
WAIT ten > WAIT tpis )
A 4 v
FPS ENABLE SLOT 3 FPS DISABLE SLOT 1
y v
WAIT trstoop ) WAIT tois )
A 4 v
DEASSERT nRST FPS DISABLE SLOT 0

Figure 9. Power-Up/Down Sequence

Flexible Power Sequencer (FPS)

The FPS allows resources to power up under hardware or software control. Additionally, each resource can power up
independently or among a group of other regulators with adjustable power-up/down delays (sequencing). Figure 10 shows

four resources powering up under the control of the flexible power sequencer.

The flexible sequencing structure consists of one master sequencing timer and four slave resources (SBB0, SBB1, SBB2,
LDOO0). When the FPS is enabled, a master timer generates four sequencing events for device power-up/down.

www.analog.com

Analog Devices | 38



Ultra-Low Power PMIC Featuring Single-Inductor,
3-Output Buck-Boost, 2-LDOs, Power-Path
Charger, and Fuel Gauge for Small Li+

MAX77658
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Startup Timing Diagram Due to nEN
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Startup Timing Diagram Due to Charge Source Insertion
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Figure 12. Startup Timing Diagram Due to Charge Source Insertion

Force Enabled/Disabled Channels

Force enable SIMO and LDO output channels by setting CNFG_SBBx_B.EN_SBBx[2:0] (SIMO) or
CNFG_LDOx_B.EN_LDOx[2:0] (LDO) = 0x6 or 0x7. Depending on the OTP, output channels may already be force
enabled by default. Output channels configured this way are independent of the flexible power sequence and start up as
soon as SYS > UVLO rising. The main bias also automatically turns on.

Likewise, output channels can be force disabled by setting EN_SBBx[2:0] or EN_LDOXx[2:0] = 0x4 or 0x5.

Debounced Inputs (nEN, GPI, CHGIN)

nEN, CHGIN, and GPIO (when operating as an input and CNFG_GPIOx.DBEN_GPI = 1), are debounced on both rising
and falling edges to reject undesired transitions. The input must be at a stable logic level for the entire debounce period
for the output to change its logic state. Figure 13 shows an example timing diagram for the nEN debounce.
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Figure 13. Debounced Inputs (nEN)

Watchdog Timer (WDT)

The IC features a watchdog timer function for operational safety. If this timer expires without being cleared, the on/off
controller causes the IC to enter the shutdown state and resets configuration registers. See the On/Off Controller and
On/Off Controller Transition Table sections (transitions OA and 0C) for more details.

Write CNFG_WDT.WDT_EN = 1 through 12C to enable the timer. The watchdog timer period (typ) is configurable from

16 to 128 seconds in 4 steps with CNFG_WDT.WDT_PER[1:0]. The default timer period is 128 seconds. While the
watchdog timer is enabled, the CNFG_WDT.WDT_CLR bit must be set through 12C periodically (within typ) to reset the

timer and prevent shutdown. See the Register Map and Figure 14 for additional details.

SHUTDOWN (BIAS OFF) STATE*

WATCHDOG TIMER (THE ON/OFF CONTROLLER FORCES THIS
RESET TRANSITIONWHENTHE TIMER EXPIRES)
INTERNAL COUNT = twp
WDT_CLR =0
CLEAR CONTROLSET(WDT_CLR = 1)
OR CLEAR CONTROLNOT SET(WDT_CLR =0)
TIMERDISABLED(WDT_EN=0) AND
OR TIMERENABLED (WDT_EN=1)
SHUTDOWN (BIAS OFF) STATE* AND
OR NOTIN SHUTDOWN (BIAS OFF) STATE*
twp CHANGED (NEW BITS IN WDT_PER[1:0])

WATCHDOG TIMER

TME ELAPSED< twp ENABLEDANDOK WATCHDOG TMER
TIMERCOUNTIN G DOWN TME ELAPSED= twr N TER D T2t
INTENAL COUNT < twp )

*WATCHDOG TIMER DOESNOT RUN WHILE IN SHUTD OWNSTATE .
WD T_MODE BIT CAN CAUSE THE ONOFF CONTROLLER TO EXIT
SHUTDOWNAUTOMATICALLY . SEE REGISTER MAP.

**SEE ON/OFF CONTROLLER STATE MACHINE

Figure 14. Watchdog Timer State Machine

The timer can be factory-programmed to be enabled by default, disabled by default, or locked from accidental disable.
The CNFG_WDT.WDT_LOCK bit is read-only and must be configured at the factory. See Table 7 for a full description.
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Table 7. Watchdog Timer Factory-Programmed Safety Options

WDT_LOCK | WDT_EN FUNCTION
0 Watchdog timer is disabled by default. Timer can be enabled or disabled by 12C writes.
0 1 Watchdog timer is enabled by default. Timer can be enabled or disabled by 12C writes.
Watchdog timer is disabled by default. Timer can be enabled by an 12C write, but only a SYSRST
1 0 can reset the CNFG_WDT.WDT_EN value back to 0. Timer can not be disabled by direct 12C writes
to CNFG_WDT.WDT_EN (write from 1 ” 0 is ignored, write from 0 1 is accepted).
1 1 Watchdog timer is enabled by default. Nothing can disable the timer.

Detailed Description—Smart Power Selector Charger

Overview

The linear Li+ charger implements a power path with Analog Devices Smart Power Selector. This allows separate input
current limit and battery charge current settings. Batteries are charged faster under the supervision of the Smart Power
Selector because charge current is independently regulated and not shared with variable system loads. See the Smart
Power Selector section for more information.

The programmable constant-current charge rate (7.5mA to 300mA) supports a wide range of battery capacities. The
programmable input current limit (95mA to 475mA) supports a range of charge sources, including USB. The charger's
programmable battery regulation voltage range (3.6V to 4.6V) supports a wide variety of cell chemistry. The charger
accurately terminates charging by detecting battery currents as low as 0.375mA.

Additionally, the robust charger input withstands overvoltage up to 28V. To enhance charger safety, properly configured
fuel gauge registers and an externally connected NTC thermistor provide temperature monitoring in accordance with the
JEITA recommendations. See the Temperature Measurement section for more information.

Charger Symbol Reference Guide

Table 8 lists the names and functions of charger-specific signals and if they can be programmed through 12C serial
communication. See the Electrical Characteristics and Register Map for more information.

Table 8. Charger Quick Symbol Reference Guide

SYMBOL NAME 12C PROGRAMMABLE?
VCHGIN OvP CHGIN overvoltage threshold No
VCHGIN UVLO CHGIN undervoltage-lockout threshold No
VCHGIN-MIN Minimum CHGIN voltage regulation setpoint Yes, through CNFG_CHG_B.VCHGIN_MINJ[2:0]
ICHGIN-LIM CHGIN input current limit Yes, through CNFG_CHG_B.ICHGIN_LIM[2:0]
VsYs-REG SYS voltage regulation target Yes, through CNFG_CHG_D.VSYS_REG[4:0]
Vsys-MIN Minimum SYS voltage regulation setpoint No, tracks Vsys-reg
VFEAST-CHG Fast-charge constant-voltage level Yes, through CNFG_CHG_G.CHG_CV[5:0]
IFAST-CHG Fast-charge constant-current level Yes, through CNFG_CHG_G_E.CHG_CCJ5:0]
lpq Prequalification current level Yes, through CNFG_CHG_B.l PQ
Vpq Prequalification voltage threshold Yes, through CNFG_CHG_C.CHG_PQJ2:0]
ITERM Termination current level Yes, through CNFG_CHG C.|_ TERM[1:0]
TJREG Die temperature regulation setpoint Yes, through CNFG_CHG D.TJ REGJ[2:0]
tpq Prequalification safety timer No
trc Fast-charge safety timer Yes, through CNFG_CHG _E.T_FAST CHGI1:0]
tto Top-off timer Yes, through CNFG_CHG _C.T_TOPOFF[2:0]

Figure 15 indicates the high-level functions of each control circuit within the linear charger.
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Figure 15. Charger Simplified Control Loops

Smart Power Selector

The Smart Power Selector seamlessly distributes power from the input (CHGIN) to the battery (BATT) and the system
(SYS). The Smart Power Selector basic functions are:

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

e When a valid input source is connected to CHGIN, the system regulates to Vgys-rRgg to power system loads
regardless of the battery's voltage (instant on).

o When the system load current exceeds the input current limit, the battery provides additional current to the system
(supplement mode).

o When the battery is finished charging and an input source is present to power the system, the battery remains
disconnected from the system.

o When the battery is connected and there is no input power from CHGIN, the system is powered from the battery.

CHGIN Voltage Monitoring

CHGIN is capable of withstanding a maximum of 28V with respect to ground. CHGIN suspends power delivery to the
system and battery when VcHgIN exceeds VoHGIN_ovP (7-5VY, typ). The input circuit also suspends when VcHgiN falls

below VcHGIN_uvLo minus CHGIN UVLO hysteresis (3.5V, typ). While in OVP or UVLO, the charger remains off and the
battery provides power to the system.

Power transfer to SYS is delayed by a 120ms debounce timer (tcHgIN-DB) after a valid DC source is connected to CHGIN.
SYS does not begin regulating to Vgys.rgg until after the timer expires.

The STAT_CHG_B.CHGIN_DTLSJ1:0] bitfield continuously indicates the state of CHGIN's voltage quality. A maskable
interrupt (INT_CHG.CHGIN_1I) asserts when STAT_CHG_B.CHGIN_DTLS[1:0] changes.

Minimum Input Voltage Regulation

In the event of a poor-quality charge source, the minimum input voltage regulation loop works to reduce input current if
VcHaIN falls below VoHaIN-MIN (programmed by CNFG_CHG_B.VCHGIN_MIN[2:0]). This is important because many

commonly used charge adapters feature foldback protection mechanisms where the adapter completely shuts off if its
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output drops too low. The minimum input voltage regulation loop also prevents VcHgIN from dropping below
VcHGIN_uvLO if the cable between the charge source and the charger's input is long or highly resistive.

The input voltage regulation loop improves performance with current limited adapters. If the charger’s input current limit
is programmed above the current limit of the given adapter, the input voltage loop allows the input to regulate at the
current limit of the adapter. The input voltage regulation loop also allows the charger to perform well with adapters that
have poor transient load response times.

A maskable interrupt (INT_CHG.CHGIN_CTRL_]I) signals when the minimum input voltage regulation loop engages. The
state of this loop is reflected by STAT_CHG_A.VCHGIN_MIN_STAT.

Input Current Limiter

The input current limiter limits CHGIN current to not exceed ICHGIN-LIM (programmed by
CNFG_CHG_B.ICHGIN_LIM[2:0]). A maskable interrupt (INT_CHG.CHGIN_CTRL_I) signals when the input current limit
engages. The STAT_CHG_A.ICHGIN_LIM_STAT bit reflects the state of the current limiter loop.

The default value of IcHGIN-LIM IS 475mA.
Table 9. Input Current Limit Factory Options

ICHGIN LIMI2:01 475mA FACTORY-DEFAULT 95mA FACTORY-DEFAULT
0b000 475mA 95mA
0b001 380mA 190mA
0b010 285mA 285mA
0b011 190mA 380mA
0b100 to Ob111 95mA 475mA

Minimum System Voltage Regulation

The minimum system voltage regulation loop ensures that the system rail remains close to the programmed SYS
regulation voltage (Vsys.reg) regardless of system loading. The loop engages when the combined battery charge current
and system load current causes the CHGIN input to current limit at IcHgIN-LIM- When this happens, the minimum system

voltage loop reduces charge current in an attempt to keep the input out of current limit, thereby keeping the system voltage
above Vgys.min (Vsys-reg - 100mV, typ). If this loop reduces battery current to 0 and the system is in need of more

current than the input can provide, then the Smart Power Selector overrides the minimum system voltage regulation loop
and allows SYS to collapse to BATT for the battery to provide supplement current to the system. The Smart Power
Selector automatically reenables the minimum system voltage loop when the supplement event has ended.

A maskable interrupt (INT_CHG.SYS_CTRL_I) asserts to signal a change in STAT_CHG_A.VSYS_MIN_STAT. This
status bit asserts when the minimum system voltage regulation loop is active.

Die Temperature Regulation

If the die temperature exceeds T .reg (programmed by CNFG_CHG_D.TJ_REGJ[2:0]) the charger attempts to limit the
temperature increase by reducing the battery charge current. The STAT_CHG_A.TJ_REG_STAT bit asserts whenever
charge current is reduced due to this loop. The charger's current sourcing capability to SYS remains unaffected when
STAT_CHG_A.TJ_REG_STAT is high. A maskable interrupt (INT_CHG.TJ_REG_I) asserts to signal a change in
STAT_CHG_A.TJ_REG_STAT. Use the INT_CHG.TJ_REG | interrupt to signal the system processor to reduce loads
on SYS to reduce total system temperature.

Charger State Machine

The battery charger follows a strict state-to-state progression to ensure that a battery is charged safely. The status bitfield
STAT_CHG_B.CHG_DTLS][3:0] reflects the charger's current operational state. A maskable interrupt (INT_CHG.CHG_I)
is available to signal a change in STAT_CHG_B.CHG_DTLSJ[3:0].
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Figure 16. Charger State Machine
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Charger-Off State
The charger is off when CHGIN is invalid, the charger is disabled, or the battery is fresh.

CHGIN is invalid when the CHGIN input is invalid (VcHGIN < VCHGIN_UVLO of VCHGIN > VCHGIN_ovp)- While CHGIN
is invalid, the battery is connected to the system. CHGIN voltage quality can be separately monitored by the
STAT_CHG_B.CHGIN_DTLSJ[1:0] status bitfield. See the Register Map section for details.

The charger is disabled when the charger enable bit is 0 (CNFG_CHG_B.CHG_EN = 0). The battery is connected or
disconnected to the system depending on the validity of Vcygin while CNFG_CHG_B.CHG_EN = 0. See the Smart
Power Selector section.

When the charger restart threshold is enabled (CNFG_CHG_H.CHR_TH_EN = 1, by default), the battery is fresh when
the battery is not lower than VEasT-cHG bY VRESTART (VBATT > VFAST-CHG - VRESTART)- The battery is disconnected

from the system and not charged while the battery is fresh. The charger state machine exits this state and begins charging
when the battery becomes lower than VFaAST-cHG - VRESTART (VRESTART = 150mV, typ). This condition is functionally

similar to done state. See the Done State section.

The charger restart threshold can be disabled with 12C command by writing CNFG_CHG_H.CHR_TH_EN to 0. When the
charger restart threshold is disabled, the battery voltage should be closely monitored by the a micro-controller to avoid
unwanted restarted charging event. Note that the charger restart threshold can only be disabled for the transition from
charger-off state to prequalification state.

Prequalification State

The prequalification state is intended to assess a low-voltage battery's health by charging at a reduced rate. If the battery
voltage is less than the Vpq threshold, the charger is automatically in prequalification. If the cell voltage does not exceed

Vpq in 30 minutes (tpq), the charger faults. The prequalification charge rate is a percentage of IFasT-cHG and is
programmable with CNFG_CHG_B.I_PQ. The prequalification voltage threshold (Vpq) is programmable through
CNFG_CHG_C.CHG_PQJ2:0].

Fast-Charge States

When the battery voltage is above Vpq, the charger transitions to the fast-charge (CC) state. In this state, the charger
delivers a constant current (IFasT-cHG) to the cell. The constant current level is programmable from 7.5mA to 300mA by
CNFG_CHG_E.CHG_CCJ[5:0].

When the cell voltage reaches VEasST-cHG, the charger state machine transitions to fast-charge (CV). VFAST-CHG is

programmable with CNFG_CHG_G.CHG_CV[5:0] from 3.6V to 4.6V. The charger holds the battery's voltage constant at
VEAST-cHG While in the fast-charge (CV) state. As the battery approaches full, the current accepted by the battery
reduces. When the charger detects that the battery charge current has fallen below ITgrMm, the charger state machine

enters the top-off state.

A fast-charge safety timer starts when the state machine enters fast-charge (CC) or JEITA-modified fast-charge (CC)
from a non-fast-charge state. The timer continues to run through all fast-charge states regardless of JEITA status. The
timer length (trc) is programmable from 3 hours to 7 hours in 2 hour increments with CNFG_CHG_E.T_FAST_CHG]J1:0].
If it is desired to charge without a safety timer, program CNFG_CHG_E.T_FAST_CHG[1:0] with Ob00 to disable the
feature. If the timer expires before the fast-charge states are exited, the charger faults. See the Fast-Charge Timer Fault
State section for more information.

If the charge current falls below 20% of the programmed value during fast-charge (CC), the safety timer pauses. The
timer also pauses for the duration of supplement mode and battery temperature fault events. The
STAT_CHG_B.TIME_SUS bit indicates the status of the fast-charge safety timer. See the Register Map section for more
details.

Top-Off State

Top-off state is entered when the battery charge current falls below ITerMm during the fast-charge (CV) state. ITErm is @
percentage of IFasT-cHG and is programmable through CNFG_CHG_C.I_TERMI[1:0]. While in the top-off state, the
battery charger continues to hold the battery's voltage at VFEasT-cHG- A programmable top-off timer starts when the
charger state machine enters the top-off state. When the timer expires, the charger enters the done state. The top-off
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timer value (tTo) is programmable from 0 minutes to 35 minutes with CNFG_CHG_C.T_TOPOFF[2:0]. If it is desired to
stop charging as soon as battery current falls below ITgrM, program tTo to 0 minutes.

Done State

The charger enters the done state when the top-off timer expires. The battery remains disconnected from the system
during done. The charger restarts if the battery voltage falls more than VkResTaART (150mV, typ) below the programmed
VEAST-CHG Vvalue. Status of CNFG_CHG_H.CHR_TH_EN does not affect the threshold to transition from done state to
fast-charge CC state.

Prequalification Timer Fault State

The prequalification timer fault state is entered when the battery's voltage fails to rise above Vpq in tto (30 minutes, typ)
from when the prequalification state was first entered. If a battery is too deeply discharged, damaged, or internally shorted,
the prequalification timer fault state can occur. During the timer fault state, the charger stops delivering current to the
battery and the battery remains disconnected from the system. To exit the prequalification timer fault state, toggle the
charger enable (CNFG_CHG_B.CHG_EN) bit or unplug and replug the external voltage source connected to CHGIN.

Fast-Charge Timer Fault State
The charger enters the fast-charge timer fault state if the fast-charge safety timer expires. While in this state, the charger
stops delivering current to the battery and the battery remains disconnected from the system. To exit the fast-charge timer

fault state, toggle the charger enable bit (CNFG_CHG_B.CHG_EN) or unplug and replug the external voltage source
connected to CHGIN.

Battery Temperature Fault State

If the thermistor monitoring circuit of the fuel gauge reports that the battery is either too hot or too cold to charge (as
programmed by CNFG_CHG_A.THM_HOT[1:0] and CNFG_CHG_A.THM_COLD][1:0]), the state machine enters the
battery temperature fault state. While in this state, the charger stops delivering current to the battery and the battery
remains disconnected from the system. This state can only be entered if the thermistor is enabled (Config.ETHRM = 1).
Battery temperature fault state has priority over any other fault state, and can be exited when the thermistor is disabled
(Config.ETHRM = 0) or when the battery returns to an acceptable temperature. When this fault state is exited, the state
machine returns to the last state it was in before battery temperature fault state was entered.

All active charger timers (fast-charge safety timer, prequalification timer, or top-off timer) are paused in this state. When
the charger exits this state, the prequalification timer resumes while the fast-charge safety and top-off timers reset.

The STAT_CHG_A.THM_DTLS[2:0] bitfield reports battery temperature status. See the Adjustable Thermistor
Temperature Monitors and the Register Map sections for more information.
JEITA-Modified States

If the thermistor is enabled (Config.ETHRM = 1), then the charger state machine is allowed to enter the JEITA-modified
states. These states are entered if the charger's temperature monitors indicate that the battery temperature is either warm
(greater than TyaRrm) or cool (less than TcooL)- See the Adjustable Thermistor Temperature Monitors section for more

information about setting the temperature thresholds.

The charger's current and voltage parameters change from IFasT-cHG and VFAST-cHG t0 IFAST-CHG JEITA and VFAST-
CHG_JEITA While in the JEITA-modified states. The JEITA modified parameters can be independently set to lower voltage
and current values so that the battery can charge safely over a wide range of ambient temperatures. If the battery
temperature returns to normal, or the thermistor is disabled (Config.ETHRM = 0), the charger exits the JEITA-modified
states.
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Typical Charge Profile
A typical battery charge profile (and state progression) is illustrated in Figure 17.
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Figure 17. Example Battery Charge Profile

Charger Applications Information

Configuring a Valid System Voltage

The Smart Power Selector begins to regulate SYS to Vgys.rReg when CHGIN is connected to a valid source and
debounced. To ensure the charger's accuracy specified in the Electrical Characteristics table, the system voltage must
always be programmed at least 200mV above the charger's constant-voltage level (VEasT-cHG)- If this condition is not
met, then the charger's internal configuration logic forces VEasT-cHG o reduce to satisfy the 200mV requirement by
default (CNFG_CHG_H.SYS_BAT_PRT = 1). If this happens, the charger asserts the INT_CHG.SYS_CNFG_| interrupt
to alert the user that a configuration error has been made and that the bits in CNFG_CHG_G.CHG_CV][5:0] have changed
to reduce VFAST-CHG-

The 200mV clamp between Vgys-Reg and VEAST-cHG can be disabled by clearing the CNFG_CHG_H.SYS_BAT_PRT
bit. If this bit is cleared, the software has to provide the protection to guarantee the overall performance of the charger.

CHGIN/SYS/BATT Capacitor Selection

Bypass CHGIN to GND with a 4.7uF ceramic capacitor to minimize inductive kick caused by long cables between the DC
charge source and the product/IC. Larger values increase decoupling for the linear charger but increase inrush current
from the DC charge source when the product/IC is first connected to a source through a cable/plug. If the DC charging
source is an upstream USB device, limit the maximum CHGIN input capacitance based on the appropriate USB
specification (typically no more than 10uF).

Bypass SYS to GND with a 22uF ceramic capacitor. This capacitor ensures the stability of SYS while it is regulated from
CHGIN. Larger values of SYS capacitance increase decoupling for all SYS loads. The effective value of the SYS capacitor
must be greater than 4uF and no more than 100uF.

Bypass BATT to GND with a 4.7uF ceramic capacitor. This capacitor stabilizes the BATT voltage regulation loop. The
effective value of the BATT capacitor must be greater than 1uF.

Ceramic capacitors with X5R or X7R dielectric are highly recommended due to their small size, low ESR, and small
temperature coefficients. All ceramic capacitors derate with DC bias voltage (effective capacitance goes down as DC bias
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goes up). Generally, small case size capacitors derate heavily compared to larger case sizes (0603 case size performs
better than 0402). Consider the effective capacitance value carefully by consulting the manufacturer's data sheet.

Detailed Description—Adjustable Thermistor Temperature Monitors

The optional use of a negative temperature coefficient (NTC) thermistor (thermally coupled to the battery) enables the
charger to operate safely over the JEITA temperature range. When the thermistor is enabled (Config.ETHRM = 1), the
charger continuously monitors the reading at the Temp register in order to sense the temperature of the battery being
charged.

See Figure 18 for a visual example of the following:

o If the battery temperature is higher than Tcoor and lower than Tyarm. the battery charges normally with the normal
values for VEaST-cHG and IrasT-cHG- The charger state machine does not enter JEITA-modified states while the
battery temperature is normal.

o If the battery temperature is either above Tywarm but below ThoT, or, below TcooL but above TcoLp, the battery
charges with the JEITA-modified voltage and current values. These modified values, VFAST-CHG JEITA and IFAST-
CHG_JEITA, are programmable through CNFG_CHG_H.CHG_CV_JEI'FA[S:O] and

CNFG_CHG_F.CHG_CC_JEITA[5:0], respectively. These values are independently programmable from the
unmodified VFAST-cHG and IFasT-cHG Vvalues and can even be programmed to the same values if an automatic

response to a warm or cool battery is not desired. The charger state machine enters JEITA-modified states while the
battery temperature is outside of normal.

e If the battery temperature is either above THoT or below TcoLp, the charger follows the JEITA recommendation and
pauses charging. The charger state machine enters battery temperature fault state while charging is paused due to
unacceptably high or low temperatures.

The battery's temperature status is reflected by the STAT_CHG_A.THM_DTLS[2:0] status bitfield. A maskable interrupt
(INT_CHG.THM_I) signals a change in status. See the Register Map for more information.

To completely disable the charger's automatic response to battery temperature, disable the feature by programming
Config.ETHRM = 0.
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Figure 18. Safe-Charging Profile Example

The JEITA temperature thresholds are independently programmable through CNFG_CHG_A.THM_HOT[1:0],
CNFG_CHG_A.THM_WARMI[1:0], CNFG_CHG_A.THM_COOL[1:0], and CNFG_CHG_A.THM_COLDI[1:0]. Each
threshold can be programmed to one of four voltage options spanning 15°C. See the Register Map for more information.

Detailed Description—Analog Multiplexer

An external ADC can be used to measure the chip's various signals for general functionality or on-the-fly power monitoring.
The CNFG_CHG_I.MUX_SEL[3:0] bitfield controls the internal analog multiplexer responsible for connecting the proper
channel to the AMUX pin. Each measurable signal is listed in Table 10 with its appropriate multiplexer channel.

The voltage on the AMUX pin is a buffered output that ranges from 0V to VEg (1.25V, typ). The buffer has 50uA of

quiescent current consumption and is only active when a channel is selected (CNFG_CHG_I.MUX_SEL[3:0] # 0b0000).
Disable the buffer by programming CNFG_CHG_I.MUX_SEL[3:0] to 0b0000 when not actively converting the voltage on
AMUX. The AMUX output is high-impedance while CNFG_CHG_I.MUX_SEL[3:0] is 0b0000.

Table 10 shows how to translate the voltage signal on the AMUX pin to the value of the parameter being measured. See
the Electrical Characteristics table and the Register Map for more details.

www.analog.com Analog Devices | 50



Ultra-Low Power PMIC Featuring Single-Inductor, MAX77658
3-Output Buck-Boost, 2-LDOs, Power-Path
Charger, and Fuel Gauge for Small Li+
Table 10. AMUX Signal Transfer Functions
FULL-SCALE SIGNAL ZESRIZ?\&?_LE
SIGNAL | MUX_SEL[3:0] TRANSFER FUNCTION MEANING MEANING
v =1.25V
Wamux =129 | amux=0v)
CHGIN Pin
Voltage 0b0001 VCHGIN = MUX/GVCHGIN 7.5V ov
CHGIN Pin
Current 0b0010 IcHGIN = AMUX/G ICHGIN 0.475A OA
BATT Pin
Voltage 00011 VBATT = VAMUX/GvBATT 4.6V ov
BATT Pin
X VAMUX 100% of |FAST_CHG 0% of IFAST_
h 1 I = MU TeasT—
gu?rregr:ftlg 0b0100 BATT(CHG) =~ FAST—-CHG (CHG_CC[5:0]) .
EB)iA;-cl:r:al?ne 00101 ; _ Wamox = Viow) | 100% of IpjscHa-scaLe | 0% of IpiscHG-
c ¢ BATT(ISCH®) = (Vs — Vypr) Do HOTSCALE | (1IMON_DISCHG_SCALE3:0]) SCALE
urrent
BATT Pin
Discharge 060110 VNULL = VAMUX 1.25V oV
Current
NULL
AGND Pin 0b1001 VAGND = VAMUX 1.25V ov
Voltage
SYS Pin
Voltage 01010 Vsys = Vamux/Gvsys 4.8V ov

*AGND pin voltage is accessed through a 100Q (typ) pulldown resistor.

Measuring Battery Current

Sampling current in the BATT pin is possible at any time or in any mode with an external ADC. For improved accuracy,
the analog circuitry used for monitoring battery discharge current is different from the circuitry monitoring battery charge
current. Table 11 outlines how to determine the direction of battery current.

Table 11. Battery Current Direction Decode

CHARGING OR DISCHARGING INDICATORS

Sinking Current)

MEASUREMENT
STAT_CHG_B.CHG | STAT_CHG_B.CHG_DTLSJ[3:0] STAT_CHG _B.CHGIN_DTLSJ[1:0]
Discharging Battery Current 0b00
(Positive Battery Terminal Don't care Don't care 0b01
Sourcing Current) 0b10
Charging Battery Current
(Positive Battery Terminal 1 0b0001 to 0b0111 0b11

Method for Measuring Discharge Current

1. Program the multiplexer to switch to the discharge NULL measurement by changing CNFG_CHG_|.MUX_SEL[3:0] to
0b0110. A NULL conversion must always be performed first to cancel offsets.

2. Wait the appropriate channel switching time (0.3ps, typ).

3. Convert the voltage on the AMUX pin and store as Vnull.

4. Program the multiplexer

to switch to the

battery discharge

current

measurement by changing

CNFG_CHG_I.MUX_SEL[3:0] to 0b0101. A nonnulling conversion should be done immediately after a NULL conversion.
5. Wait the appropriate channel switching time (0.3us, typ).

6. Convert the voltage on the AMUX pin and use the following transfer function to determine the discharge current:
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_ Vamux — VnuLr)
IgaTT(DISCHG) = —(VFS Vo) X IpISCHG-SCALE

VEg is 1.25V typical. IpiscHG-SCALE is programmable through CNFG_CHG_I.IMON_DISCHG_SCALE[3:0]. The default

value is 300mA. If smaller currents are anticipated, then IDISCHG-SCALE can be reduced for improved measurement
accuracy.

Method for Measuring Charge Current

1. Program the multiplexer to switch to the charge current measurement by changing CNFG_CHG_I.MUX_SEL[3:0] to
0b0100.

2. Wait the appropriate channel switching time (0.3us, typ).
3. Convert the voltage on the AMUX pin and use the following transfer function to determine charging current.

_ Vamux
IgaTT(CHG) = Ve X IpasT—cHG
FS

VEg is 1.25V typical. IFasT-cHG is the charger's fast-charge constant-current setting and is programmable through
CNFG_CHG_E.CHG_CCJ5:0].

Detailed Description—SIMO Buck-Boost

The device has a micropower single-inductor, multiple-output (SIMO) buck-boost DC-to-DC converter designed for
applications that emphasize low supply current and small solution size. A single inductor is used to regulate three separate
outputs, saving board space while delivering better total system efficiency than equivalent power solutions using one buck
and linear regulators.

The buck-boost architecture utilizes the entire battery voltage range due to its ability to create output voltages that are
above, below, or equal to the input voltage. Peak inductor current for each output is independently programmable to
optimize the balance between efficiency, output ripple, EMI, PCB design, and load capability.

To further boost efficiency, when the output voltage is always lower than the input, the individual channel of the SIMO buck-
boost converter can be configured to be in buck-only mode. Similarly, each SIMO channel can be individually configured to
be in boost-only mode if the output voltage is constantly higher than the input. The buck only and boost-only mode reduce
switching losses with less switching operations compared to buck-boost mode, and thus, improves conversion efficiency.
MAX77658 also allows each SIMO channel to be configured in automatic mode, which provides an automatic decision
between buck/boost/buck-boost mode to optimize regulator efficiency based on the V|N/VoyT condition.

SIMO Features and Benefits

e Three Output Channels

o |deal for Low-Power Designs
« SBBO0/1 Delivers up to 500mA at 1.8V from a 3.7V Input
» SBB2 Delivers up to 750mA at 1.8V from a 3.7V Input

e Small Solution Size
* Multiple Outputs from a Single 1.5uH Inductor
* Small 10uF (0402) Output Capacitors

e Flexible and Easy to Use
* Glitchless Transitions Between Buck, Boost, and Buck-Boost Modes
* Programmable Peak Inductor Current Programmable On-Chip Active Discharge
* Programmable Operating Modes (Buck Only, Boost Only, Buck-Boost Only, Automatic Mode)
* Automatic Low Power Mode to Normal-Power Mode Transition

¢ Long Battery Life
+ >91% Peak Efficiency at 1.8V Output in Buck-Only Mode
+ > 93% Peak Efficiency at 5.0V Output in Boost-Only Mode
Better Total System Efficient than one switching regulator + LDOs
* Low Quiescent Current, 1uA per Output
* Low Input Operating Voltage, 2.7V (MIN)
* Wide Output Voltage Range (0.5V - 5.5V)
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SIMO Detailed Block Diagram
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Figure 19. SIMO Detailed Block Diagram

SIMO Control Scheme

The SIMO buck-boost is designed to service multiple outputs simultaneously. A proprietary controller ensures that all
outputs get serviced in a timely manner, even while multiple outputs are contending for the energy stored in the inductor.
When no regulator needs service, the state machine rests in a low-power rest state.

In buck-boost mode, when the controller determines that a regulator requires service, it charges the inductor (M1 + M4)
until the peak current limit is reached (I g = CNFG_SBBx_B.IP_SBB[1:0]). The inductor energy then discharges (M2 +
M3_x) into the output until the current reaches zero (Izx). In the event that multiple output channels need servicing at the
same time, the controller ensures that no output utilizes all of the switching cycles. Instead, cycles interleave between all
the outputs that are demanding service, while outputs that do not need service are skipped.

When the load current for any output is very light, that output automatically switches to an ultra-low-power mode (ULPM)
to reduce the quiescent current consumption. Figure 20 shows a typical waveform during the ULPM and normal mode.
While operating in ULPM, the output voltage is biased 1.7% higher than normal mode by design so that future large load
transients can be handled without excessive undershoot.
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Figure 20. ULPM and Normal Mode Waveforms

Drive Strength

The SIMO regulator's drive strength for its internal power MOSFETs is adjustable using the
CNFG_SBB_TOP.DRV_SBB[1:0] bit field. The ideal value is determined experimentally for each application. Faster
settings such as DRV_SBB[1:0] = 0b00 result in higher efficiency but generally require stricter PCB layout rules
(comparable to the MAX77658 EV kit) or shielding to avoid additional EMI. Slower settings limit EMI in non-ideal settings
(e.g., contained layout, antennae adjacent to the device, etc.). Change the drive strength only once during system
initialization.

SIMO Fault Indicator

The IC has an SBBx fault shutdown option to protect itself when an SBBx fault is detected. If this option is enabled then
the regulators power down sequentially after an SBBx fault. An SBBx fault occurs when the output voltage falls below
80% of regulation target. The corresponding SBBx_F bit remains high until the output voltage rises above 85% of
regulation target.

SIMO Output Voltage Configuration

Each of the SIMO outputs are independently configurable. To set the output voltages at SBB0/1/2 for the MAX77658, use
the 12C interface to load the configuration registers TV_SBBx[7:0]. This 8-bit configuration is a linear transfer function that
starts at 0.5V, ends at 5.5V, with 25mV increments and sets the output voltage as:

VspBx = 0.5V + 25mV x TV_SBBx[7:0] (decimal)

Peak Current Configuration

The peak inductor current limit corresponding to each SIMO output are independently configurable. To set the inductor
peak current for the MAX77658, use the 12C interface to load the configuration registers IP_SBBx[1:0].

SIMO Soft-Start

The soft-start feature of the SIMO limits inrush current during startup. The soft-start feature is achieved by limiting the
slew rate of the output voltage during startup (dV/dtssg).

More output capacitance results in higher input current surges during startup. The following set of equations and example
describes the input current surge phenomenon during startup.

In buck-boost mode, the current into the output capacitor (Icsgg) during soft-start is:
dv )
Icsgs = Csgp 7— (Equation 1)
dtss

where:
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e Cgpp is the capacitance on the output of the regulator

e dV/dtgg is the voltage change rate of the output

The input current (IjN) during soft-start is:

V-
(Icsge + ILoan) ?/BBX

§

Iy = (Equation 2)

where:

e Icspp is from the calculation above

e |l oaD is current consumed from the external load
e VgpByx is the output voltage

e V|\ is the input voltage

e ¢ is the efficiency of the regulator

For example, given the following conditions, the peak input current (Ii) during soft-start is ~71mA:
Given:

e V|Nis3.5V

e SBBO and SBB1 are disabled

e Vgpppis 3.3V

e Cgpp2=10pF

e dV/dtgg=5mV/us

e [oad2=10mA
o ¢(is80%

Calculation:

e Icsg = 10uF x 5mV/us (from Equation 1)
e Icsgg = 50Ma

(50mA+10mA)Y

o In= 25V (from Equation1)

0.80

e IIN~71mA

SIMO Registers

Each SIMO buck-boost channel has registers to program its target output voltage (CNFG_SBBx_A.TV_SBBx[7:0]) and
its peak current limit (CNFG_SBBx_B.IP_SBBx[1:0]). Additional controls are available for enabling/disabling the active-
discharge resistors (CNFG_SBBx_B.ADE_SBBXx), operatation mode (CNFG_SBBx_B.OP_MODE[1:0]), as well as
enabling/disabling the SIMO buck-boost channels (CNFG_SBBx_B.EN_SBBx[2:0]). For a full description of bits, registers,
default values, and reset conditions, see the Register Map.

SIMO Active Discharge Resistance
Each SIMO buck-boost channel has an active-discharge resistor (Rap_sBBx) that is automatically enabled/disabled

based on a CNFG_SBBx_B.ADE_SBBx bit and the status of the SIMO regulator. The active discharge feature may be
enabled (CNFG_SBBx_B.ADE_SBBx = 1) or disabled (CNFG_SBBx_B.ADE_SBBx = 0) independently for each SIMO
channel. Enabling the active discharge feature helps ensure a complete and timely power down of all system peripherals.
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If the active-discharge resistor is enabled by default, then the active-discharge resistor is on whenever Vgyg is below
VsysuvLo and above VpoR.

These resistors discharge the output when CNFG_SBBx_B.ADE_SBBx = 1, and their respective SIMO channel is off. If
the regulator is forced on through CNFG_SBBx_B.EN_SBBx[2:0] = 0b110 or 0b111, then the resistors do not discharge
the output even if the regulator is disabled by the main-bias.

Note that when Vgys is less than 1.0V, the NMOS transistors that control the active-discharge resistors lose their gate
drive and become open.

SIMO Buck-Only and Boost-Only Mode

If the input voltage at IN_SBB never falls below the target output voltage of one or more SIMO converter channels, the
individual channels can be configured to be in buck mode with the bitfield CNFG_SBBx_B.OP_MODE[1:0]. In buck mode,
when the buck-mode channel needs service, switch M3_x remains closed and M4 remains open (see Figure 19) when
SBBXx is being serviced. Only M1 and M2 are toggled as in a traditional buck converter for the switching cycle.

Similarly, if the input voltage at IN_SBB never rises above the target output voltage of one or more SIMO converter
channels, individual channels can be configured to be in boost mode with CNFG_SBBx_B.OP_MODE[1:0]. In boost
mode, when the boost-mode channel needs service, switch M1 remains closed and M2 remains open (see Figure 19).
Only M3x and M4 are toggled as in a traditional boost converter.

Efficiency is boosted in these two modes compared to buck-boost mode due to three major factors:

e Reduced switching loss for each switching cycle: buck mode and boost mode toggles only two switches versus the
four in buck-boost mode. Therefore, there are less switching events in a switching cycle.

e Lower inductor core losses for each switching cycle: Inductor current changes from OA to peak current during a
switching cycle. The larger the change in current the inductor experiences, the more energy is lost in the inductor core
in the form of heat. In buck mode and boost mode, the peak current can be reduced since less average inductor
current is needed to support a load. Less inductor current is needed because of direct energy transfer. Direct energy
transfer occurs the input (IN_SBB) is connected directly to the output (SBBXx) through the inductor. Therefore, the input
not only provides energy to charge the inductor, energy is also supplied to the output capacitor and load devices.
Thus, less current is needed to charge the inductor to provide sufficient load to the output.

e Less frequent switching cycles with the same peak current limit setting: With the same peak current limit, because of
direct energy transfer during the converter operation, more energy gets delivered in each switching cycle with buck-
only and boost-only mode than that with buck-boost mode.

Maintain a minimum headroom of 0.7V between IN_SBB and SBBx in buck mode because inductor charge time (dt = L

x IP_SBBx/(V|N sBB - VsBBx)) increases as the difference between the IN_SBB and SBBx voltages shrink. As the

inductor current takes longer to reach the peak current limit, the MAX77658 can trigger a fault flag. Likewise, it is

recommended to keep SBBx at least 0.7V higher than IN_SBB to force the rail into boost-only mode so that the inductor
current does not take too long to reach zero.

Applications Information
SIMO Available Output Current

The available output current on a given SIMO channel is a function of the input voltage, output voltage, the peak current
limit setting, and the output current of the other SIMO channels. Analog Devices offers the SIMO Calculator that outlines
the available capacity for specific conditions. Table 12 is an extraction from the calculator.

Table 12. SIMO Available Output Current for Common Applications

PARAMETERS EXAMPLE 1 EXAMPLE 2 EXAMPLE 3 EXAMPLE 4
VIN sBB 3.7v 3.7v 3.2v 3.4V
RLbcr 90mQ 90mQ 90mQ 120mQ

SBBO 1.0V at 100mA 1.0V at 80mA 1.2V at 50mA 1.2V at 20mA
SBB1 1.2V at 75mA 1.2V at 50mA 1.8 V at 100mA 1.8V at 80mA
SBB2 1.8V at 50mA 1.8V at 40mA 3.3V at 30mA 3.3Vat 10mA

Operating Mode Automatic Automatic Automatic Automatic

lp sBBO 0.50A 0.50A 0.50A 0.50A
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PARAMETERS EXAMPLE 1 EXAMPLE 2 EXAMPLE 3 EXAMPLE 4
Ip SBB1 0.75A 0.50A 0.50A 0.50A
Ip sBB2 0.50A 0.50A 0.75A 0.50A
Utilized Capacity 81% 69% 75% 49%

*ESRC_IN = ESRC_OUT = 5mQ, L = 1.5uH

Inductor Selection

Choose an inductance from 1.0pH to 2.2uH; 1.5uH inductors work best for most designs. Larger inductance transfers
more energy to the output for each cycle and typically results in lower switching frequency, thus, better efficiency but
larger output voltage ripple. See the Output Capacitor Selection section for more information on how to size your output
capacitor to control ripple.

Choose the inductor saturation current to be greater than or equal to the maximum peak current limit setting that is used
for all of the SIMO buck-boost channels (Ip_spBx). For example, if SBBO is set for 0.5A, SBB1 is set for 0.75A, and SBB2

is set for 1.0A, then choose the saturation current to be greater than or equal to 1.0A.

Choose the RMS current rating of the inductor (typically the current at which the temperature rises appreciably) based on
the expected load requirement of the system. For systems where the expected load conditions are not well known, be
conservative and choose the RMS current to be greater than or equal to half the higher maximum peak current limit setting
[I[Rms =2 MAX(lp sBBo, Ip sBB1, IP sBB2)/2]. This is a conservative choice because the SIMO buck-boost regulator

implements a discontinuous conduction mode (DCM) control scheme, which returns the inductor current to zero at the
end of each cycle.

Consider the DC-resistance (DCR), AC-resistance (ACR), and package size of the inductor. Typically, smaller-sized
inductors have larger DC-resistance and larger AC-resistance that reduces efficiency and the total output power. Note
that many inductor manufacturers have inductor families which contain different versions of core material to balance trade-
offs between DCR, ACR (i.e., core losses), and component cost. For this SIMO regulator, inductors with the lowest ACR
in the 1.0MHz to 2.0MHz region tend to provide the best efficiency.

Input Capacitor Selection

Choose the input bypass capacitance (CiN sgg) to be 22uF. Larger values of C|N spg improve the decoupling for the
SIMO regulator.

CIN sBB reduces the current peaks drawn from the battery or input power source during SIMO regulator operation and
reduces switching noise in the system. The ESR/ESL of the input capacitor should be very low (i.e., ESR < 5mQ and ESL
< 500pH) for frequencies up to 2MHz. Ceramic capacitors with X5R or X7R dielectric are highly recommended due to
their small size, low ESR, and small temperature coefficients.

To fully utilize the available input voltage range of the SIMO (5.5V, max), use a capacitor with a voltage rating of 6.3V at
minimum.

Boost Capacitor Selection

Choose the boost capacitance (CggT) to be 10nF. Smaller values of CggT result in insufficient gate drive for M3. Larger
values of CggT have the potential to degrade the startup performance. Ceramic capacitors with 0201 or 0402 case sizes
are recommended.

Output Capacitor Selection

Choose each output bypass capacitance (Cggpx) based on the target output voltage ripple (AVspgy): typical values are
22uF. Larger values of Cggpy improve the output voltage ripple but increase the input surge currents during soft-start
and output voltage changes. The output voltage ripple is a function of the inductance (L), the output voltage (Vsggx), and
the peak current limit setting (Ip_spBx). See Equation 3 to estimate required effective capacitance.

I ZxL
C P_SBBx X /
SBBx 2 X Vsgpx X AVsgpx (Equation 3)

The SIMO Calculator can be used to aid in the selection of the output capacitance. Note that most designs concern
themselves with having enough capacitance on the output but there is also a maximum capacitance limitation that is
calculated within the SIMO calculator; take care not to exceed the maximum capacitance.
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CsBBx is required to keep the output voltage ripple small. The impedance of the output capacitors (ESR, ESL) should be
very low (i.e., ESR < 5mQ and ESL < 500pH) for frequencies up to 2MHz. Ceramic capacitors with X5R or X7R dielectric
are highly recommended due to their small size, low ESR, and small temperature coefficients.

A capacitor's effective capacitance decreases with increased DC bias voltage. This effect is more pronounced as capacitor
case sizes decrease. Due to this characteristic, it is possible for an 0603 case size capacitor to perform well, while an
0402 case size capacitor of the same value performs poorly. The SIMO regulator is stable with low output capacitance
(1uF) but the output voltage ripple would be large; consider the effective output capacitance value after initial tolerance,
bias voltage, aging, and temperature derating.

Example Component Selection
Pick input/output capacitors and the inductor for the given requirements:

e V|N_sBB, typical = 3.7V
Table 13. Design Requirements

SBBO0 SBB1 SBB2
Output Voltage 3.3V 1.8V 1.2V
Maximum Load Current 50mA 60mA 80mA
Maximum Voltage Ripple 50mV 30mV 30mV

Inductor, Peak Current Limit, and Input Capacitor
For the best efficiency, a 1.5uH inductor is chosen. For this example, assume the DFE201610E-1R5M inductor from
Murata is used. This particular inductor has 91mQ of DCR.

Since the load current is low, first choose the inductor current peak to be 0.333A for all outputs. Next, enter these values
into Analog Devices SIMO calculator as mentioned previously.

Symbol Value Unit Per Channel Symbol Per Channel Value
SBBO SBB1 SBB2
Input Section
Viy 3.7000|V Vour 3.300 1.800 1.200\V
L 1.50[uH  lour 30.0 60.0 80.0/mA
I._pcr 91 (mQ Nominal 22.0 22.0 22.0|uF
St Effective 7.8 13.0 17.0|pF

Toreraming °C Channel Enabled? Yes Yes Yes

Device Settings Inputs

Device |MA)(7?642,-'643[658‘ IL_peak 0.333 0.333 0.333|A
Operating Mode Automatic Automatic Automatic
Calculation Results
Vgyr Range 0.500V - 5.500V|0.500V - 5.500V|0.500V - 5.500V
Operating Mode Buck-Boost Buck Buck

Cgyut Effective

Total Utilization 120.2%| Utilization | 35.3%| 36.2%| 48.7%|

Figure 21. Component Selection—High Utilization
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As shown in Figure 21, the utilization is over 100%, which leads to high output voltage ripple. To lower utilization, increase

the inductor peak current limits. For this example, 1A is used for SBB0O and 0.5A for SBB1 and SBB2. Figure 22 shows
the utilization of less than 80%. Using 0.5A for the inductor peak current limit has the added benefit of increased efficiency.

Symbol Value Unit Per Channel Symbol Per Channel Value
SBBO SBB1
Input Section
Vi 3.7000\V Vour 3.300 1.800 1.200\V
L 1.50/uH  lour 30.0 60.0 80.0/mA
rL_pCr 91 mQ Nominal 22.0 22.0 22.0|pF
S Effective 7.8 13.0 17.0|pF

Toperating °C Channel Enabled? Yes Yes Yes

Device Settings Inputs

Device ‘MA}(?TMHMSIESB‘ I peak 0.750 0.500 0.500(A
Operating Mode Automatic Automatic Automatic
Vpur Range 0.500V - 5.500V|0.500V - 5.500V|0.500V - 5.500V/
Operating Mode Buck-Boost Buck Buck

Cpur Effective

Total Utilization Utilization | 16.3%| 24.1%| 32.6%|

73.0%|

Figure 22. Component Selection—Final Current Peak Limits

To support the selected peak currents, choose 22uF for the input capacitor.
Output Capacitors
Using Equation 3 and the selected inductor current peak limits, the minimum output capacitances required are:

C _ lespmo®xL _ 12x22x107° A’xH _ 6.67Mf
SBBO_min — & x Voggo X AVeggo ~ 2x3.3x0.05 VZ2

c _ Ipsgp’xL  0.52x22x10°° AZxH_Sog .

SBBLmin = 5y X AVepm,  2x18x003 vz oM
Ip sppa” x L 0.52x22x107% A2xH

CsB2_min = - = = 7.64pF

2x VSBBZ X AVSBBZ 2x1.2x0.03 &

For this example, the 22uF GRM188R61A226ME15 is chosen for all three outputs. The effective capacitance after
derating is the following:

Csppo=8.113uF
Cspp1=13.828uF
Cspp2=16.793uF

Go back to the calculator and enter the capacitance for each channel. Figure 23 shows the expected ripples, which fit the
requirements.
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MAX77658

Value

Symbol

Vin
L

1.50
91

M _pcr

TOPERATI NG

I__peak

‘ MAX77642/643/658

lout_max

Pout_max

Channel Enabled?
Device Settings

Vgur Range
Operating Mode

Unit Per Channel Symbol

Per Channel Value
SBB1

SBBO

Input Section

Mominal

Effective

Operating Mode

30.0 60.0 80.0|mA
22.0 22.0 22.0|uF
7.8 13.0 17.0|uF

Inputs
0.750

0.500

0.500

Automatic

Calculation Results

Cgyr Effective

Automatic

Automatic

0.500V - 5.500V(0.500V - 5.500V|0.500V - 5.500V

|Buck—Bnnst

7.8

0.184

Buck

13.0

0.249

Buck

17.0|uF

0.2486

A

0.606

0.448

0.295|W

835 57.8 44.9
VI(IIUT_ri pple_no_load
2.5% 3.2% 3.7%
23.9 22.8 19.5|mV,,
VUUT_rippIe_w_load
0.7% 1.3% 1.6%
fout_rippie 253.7 296.0 364.5|kHz
Vour_peak 3.313 1.812 1.209|V
Vour_valley 3.289 1.789 1.189|V
Figure 23. Component Selection—Expected Ripple
Summary
e L=22pH
* CiN_sBB = 22uF
e Total Switching Utilization = 79%
Table 14. Summary of Design for Component Selection Example
SBB0 SBB1 SBB2
IP_sBBx 1A 0.5A 0.5A
CsBBXx (nominal) 22uF 22uF 22uF
AVsBBx 35.2mV 17.9mV 14.7mV

www.analog.com

Analog Devices | 60




Ultra-Low Power PMIC Featuring Single-Inductor, MAX77658

3-Output Buck-Boost, 2-LDOs, Power-Path
Charger, and Fuel Gauge for Small Li+

Real applications should also consider the minimum input voltage since the battery discharges. The following is a
summary using the same components but an input voltage of 3.0V instead. The switching utilization increased to 82.4%,
above the recommended 80% but still acceptable.

e L=22pH
e CIN_SBB = 22uF
e Total Switching Utilization = 82.4%

Table 15. Summary of Design with Lower Input Voltage

SBB0 SBB1 SBB2
IP_SBBx 1A 0.5A 0.5A
CsBBX (nominal) 22uF 22uF 22uF
AVsBBx 13.0mV 14.9mV 13.0mV

SIMO Switching Frequency

The SIMO buck-boost regulator uses a pulse frequency modulation (PFM) control scheme. The switching frequency for
each output is a function of the operating mode, inductor peak current limit, input voltage, output voltage, load current,
and inductance. Output capacitance is a minor factor in SIMO switching frequency. The SIMO Calculator can be used to
estimate expected switching frequency.

At no load, switching frequencies can be as low as 10Hz. For the 3.7V input to 1.2V output channel from the Example
Component Selection section, the switching frequency is about 327kHz.

Table 16 lists how different factors increase or decrease switching frequency.

Table 16. Switching Frequency Control

FACTOR

INCREASING FREQUENCY

DECREASING FREQUENCY

Inductor Current Peak Limit

Lower Peak Limit

Higher Peak Limit

Operating Mode

Buck-Boost Mode

Buck Mode/Boost Mode

Inductor Decrease Inductance Increase Inductance
Input Voltage Higher Voltage Lower Voltage
Output Voltage Higher Voltage Lower Voltage
Load Current Higher Current Lower Current

Unused Outputs

Do not leave unused outputs unconnected. If an output left unconnected is accidentally enabled, the charged inductor
experiences an open circuit, and the output voltage soars above the absolute maximum rating, damaging the device. If
an output is not used, do one of the following:

1. Disable the output (CNFG_SBBx_B.EN_SBBx[2:0] = 0x4 or 0x5) and connect the output to ground. If an unused
output is default enabled or can be accidentally enabled, do one of the following recommendations instead.

Bypass the unused output with a 1uF capacitor to ground.

Connect the unused output to IN_SBB or a different output channel if the unused output is programmed to a
lower voltage. Since the output voltage is higher than the unused output, the regulator does not service the
unused output even if it is unintentionally enabled.

¢ Note that some OTP options have the active-discharge resistors enabled by default. Connecting an unused output to
IN_SBB is not recommended if the active discharge is enabled by default. If connecting the unused output to a different
channel, disable the active-discharge resistor (CNFG_SBBx_B.ADE_SBBx = 0) of the unused channel.
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PCB Layout Guide
Figure 24 shows an example layout of the top layer.
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Figure 24. PCB Top-Layer and Component Placement Example

Capacitors

Place decoupling capacitors as close as possible to the IC such that connections from capacitor pads to pin and from
capacitor pads to ground pins are short. Keeping the connections short lowers parasitic inductance and resistance,
improving performance and shrinking the physical size of hot loops.

If connections to the capacitors are through vias, use multiple vias to minimize parasitics. Also, connect loads to the
capacitor pads rather than the device pins.

Most critical are the capacitors for the switching regulator: input capacitor at IN_SBB and output capacitors at SBBx.
Input Capacitor at IN_SBB

Minimize the parasitic inductance from PGND to input capacitor to IN_SBB to reduce ringing on the LXA voltage.
Inductor

Keep the inductor close to the IC to reduce trace resistance; however, prioritize any regulator input/output capacitors over
the inductor. Use the appropriate trace width from LXA to inductor to LXB to support the peak inductor current. Likewise,
if there are vias in the path, use an appropriate amount of vias to support the peak current.

Ground Connections

As the switching regulator charges and discharges the inductor, current flows from PGND to the input capacitor ground,
from output capacitor ground to PGND, or from output capacitor ground to input capacitor ground. Therefore, use a wide,
continuous copper plane to connect PGND to the capacitor grounds.

When connecting the GND and PGND pins together, ensure noise from the power ground does not enter the analog
ground (where GND is connected). For example, assuming the ground pins are connected through a solid ground plane
on an internal layer, one via connecting GND to the internal ground plane can be sufficient to protect GND from most of
the noise in the power-ground plane. Likewise, if there are other higher current or noisy circuitry near this device, avoid
connecting the GND pin directly to their grounds.

For more guidelines on proper grounding, visit: https.//www.analog.com/en/resources/packaging-quality-symbols-
footprints/package-resources.html.
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Detailed Description—Low Dropout Linear Regulator (LDO)/Load Switch (LSW)

The device includes two on-chip low-dropout linear regulators (LDOO0/1) that can also be configured as load switches.
These LDOs are optimized to have low-quiescent current. The input voltage range (V|N_LDoOx) allows it to be powered
directly from the main energy source such as a Li-Poly battery or from an intermediate regulator. Each linear regulator
delivers up to 150mA.

Features and Benefits

2x 150mA LDO

LDO Input Voltage Range: 1.71V to 5.5V

LSW Input Voltage Range: 1.2V to 5.5V

Adjustable Output Voltage

100mV Maximum Dropout Voltage at ECT Conditions
Programmable On-Chip Active Discharge

LDO Fault Indicator

The IC has an LDOx fault shutdown option to protect itself when an LDOx fault is detected. If this option is enabled then
the regulators power down sequentially after an LDOXx fault. An LDOXx fault occurs when the output voltage falls below
80% of regulation target. The corresponding LDOx_F bit remains high until the output voltage rises above 85% of
regulation target.

LDO/LSW Simplified Block Diagram

Each LDO/LSW block has one input (IN_LDOXx) and one output (LDOXx) and several ports that exchange information with
the rest of the device (VRgr, EN_LDOx, ADE_LDOx). VRgr comes from the main bias circuits.
CNFG_LDOx_B.EN_LDOx and CNFG_LDOx_B.ADE_LDOx are register bits for controlling the enable and active-
discharge feature, respectively. See the Register Map for more information.

l/ IN_LDOx
e
EN_LDOx I (0402)
*THE FLOOR PLAN IS SUCH
150mA
[ ADE_LDOx Er?gx _| —  THAT THE SBB0 OUTPUT
CAPACITOR IS ALSO THE
LDOx_F IN_LDOx INPUT CAPACITOR.
L DOx
DOD_x R - -
EDR— o D00
] i RADE_LDOx (0402)

Figure 25. LDO Simplified Block Diagram

LDO/LSW Active-Discharge Resistor

Each LDO/LSW block has an active-discharge resistor (Rap_LDOx) that is enabled if CNFG_LDO_B.ADE_LDOx = 1 and
LDOx is disabled. Enabling the active discharge feature helps ensure a complete and timely power down of the resource.
During power up, if Vgys > Vpor and CNFG_LDO_B.ADE_LDOx = 1, the active-discharge resistor is enabled.
LDO/LSW Soft-Start

The soft-start feature limits inrush current during startup, and is achieved by limiting the slew rate of the output voltage
during startup (dVouT_LDOx/dtss).

More output capacitance results in higher input current surges during startup. The equation and example describes the
input current surge phenomenon during startup.

The input current (IN_|.pox) during soft-start is:

dvOUT_LDOX

+ 1
dts OUT_LDOx

IIN_LDOX = Crpox
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where:

e C|pox is the capacitance on the output of the regulator
e dVouT LDOx/dtss is the voltage change rate of the output

For example, given the following conditions, the input current (I|N_pOx) during soft-start is 13.08mA:
Given:

* CrLpox =2.2uF

. dVOUT_LDOX/dtSS =1.4mV/us

e LDOx programmed to 1.85V
* Ripox = 185Q (louT_LDOx = 1.85V/185Q = 10mA)

Calculation:

o ||N=2.2uF x 1.4mV/us + 10mA
e I|Ny=13.08mA

Load Switch Configuration

Both LDOO and LDO1 can be configured as load switches with the CNFG_LDOx_B.LDOx_MD bit. As shown in Figure
26, the transition from LDO to LSW mode is controlled by a defined slew rate until dropout is detected. Once dropout is
detected, the load switch is fully closed and the dropout interrupt flag (INT_GLBL.DODx_R) is set.

NOT DRAWN TO SCALE
) LSW TO LDOx SLEW
DETECTED DEPENDS ON LOAD
LDOx STARTS IN LDO MODE ‘ ‘
LDOx CONFIGURED LDOx CONFIGURED
TO BE IN LSW MODE TO BE IN LDO MODE

Y

Figure 26. LDO to LSW Transition Waveform

Applications Information

Input Capacitor Selection

Make sure the input bypass capacitance (C|N LpDoOx) is at least 2.2uF. Larger values of C|N | pox improve the decoupling
for LDOx. The floor plan of the device is such that SBBO is adjacent to IN_LDOx and if the SIMO channel 0 output powers
the input of LDOX, then its output capacitor (Csppp) can also serve as C|N_Lpox such that only one capacitor is required.
CIN_LDOx reduces the current peaks drawn from the battery or input power source during operation. The impedance of

the input capacitor (ESR, ESL) should be very low (i.e., ESR < 50mQ and ESL < 5nH) for frequencies up to 0.5MHz.
Ceramic capacitors with X5R or X7R dielectric are highly recommended due to their small size, low ESR, and small
temperature coefficients.

Output Capacitor Selection
For both LDO and LSW modes, choose the output bypass capacitance (Cpox) to be 1uF.

In LDO mode, larger values of C|_ pox improve output PSRR but increase input surge currents during soft-start and output
voltage changes. The effective output capacitance should not exceed 2.8uF to maintain stability.
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While in LDO mode, C| pox is required to keep stability. The series inductance of the output capacitor and its series

resistance should be low (i.e., ESR < 10mQ and ESL < 1nH) for frequencies up to 0.5MHz. Ceramic capacitors with X5R
or X7R dielectric are highly recommended due to their small size, low ESR, and small temperature coefficients.

A capacitor's effective capacitance decreases with increased DC bias voltage. This effect is more pronounced with smaller
capacitor case sizes. Due to this characteristic, 0603 case size capacitors tend to perform well while 0402 case size
capacitors of the same value perform poorly.

Detailed Description—Fuel Gauge

The MAX77658 is an ultra-low power fuel gauge which implements the Analog Devices ModelGauge m5 EZ algorithm.
The IC measures voltage, current, and temperature accurately to produce fuel gauge results. The ModelGauge m5 EZ
robust algorithm provides tolerance against battery diversity. This additional robustness enables simpler implementation
for most applications and batteries by avoiding time-consuming battery characterization.

The ModelGauge m5 algorithm combines the short-term accuracy and linearity of a coulomb-counter with the long-term
stability of a voltage-based fuel gauge, along with temperature compensation to provide industry-leading fuel gauge
accuracy. The IC automatically compensates for aging, temperature, and discharge rate and provides an accurate state-
of-charge (SOC) in percentage (%) and remaining capacity in milliampere-hours (mAhr) over a wide range of operating
conditions. Fuel gauge error always converges to 0% as the cell approaches empty.

The IC has a register set that is compatible with Intel's DBPT v2 dynamic power standard. This allows the system designer
to safely estimate the maximum allowed CPU turbo-boost power level in complex power conditions. The IC provides
accurate estimation of time-to-empty and time-to-full and provides three methods for reporting the age of the battery:
reduction in capacity, increase in battery resistance, and cycle odometer.

The IC contains a unique serial number. It can be used for cloud-based authentication. See the Serial Number Feature
section for more information.

Communication to the host occurs over the standard 12C interface.

ModelGauge m5 EZ Performance

ModelGauge m5 EZ performance provides plug-and-play operation when the IC is connected to most lithium batteries.
While the IC can be custom-tuned to the application's specific battery through a characterization process for ideal
performance, the IC can provide good performance for most applications with no custom characterization required. Table
17 and Figure 27 show the performance of the ModelGauge m5 algorithm in applications using ModelGauge m5 EZ
configuration.

The ModelGauge m5 EZ provides good performance for most cell types. For some chemistries, such as lithium-iron-
phosphate (LiFePO4) and Panasonic NCR/NCA series cells, it is suggested that the customer request a custom model
from Analog Devices for best performance.

For even better fuel-gauging accuracy than ModelGauge m5 EZ, contact Analog Devices for information regarding cell
characterization.

Table 17. ModelGauge m5 EZ Performance

DESCRIPTION AFTER FIRST CYCLE* (%) AFTER SECOND CYCLE* (%)
Tests with less than 3% error 95 97
Tests with less than 5% error 98.7 99
Tests with less than 10% error 100 100

*Test conditions: +20°C and +40°C, run time of > 3 hours.
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ModelGauge m5 EZ CONFIGURATION PERFORMANCE
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Figure 27. ModelGauge m5 EZ Configuration Performance

Application Notes

This data sheet describes the basic feature sets and the minimal register set needed to support the plug-and-play
ModelGauge™ mb5 EZ performance. Refer to the following application notes for additional reference material for the fuel
gauge of MAX77658:

e ModelGauge m5 EZ User Guide
» Documents full register set
* More details about ModelGauge m5 algorithm
» Discusses additional applications

o Software Implementation Guide
+ Guidelines for software drivers including example code
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Standard Register Formats

Unless otherwise stated during a given register's description, all fuel gauge registers of the MAX77658 follow the same
format depending on the type of register. See Table 18 for the resolution and range of any register described hereafter.

Table 18. ModelGauge m5 Register Standard Resolutions

MAX77658

CECSTER | Lovoue | Mt [ W
Capacity 0.107mAh 0.0mAh 7021.106mAh
Percentage 1/256% 0.0% 255.9961% 1% LSb when reading only the upper byte.
Voltage L ‘2152“// 0.0V 5.11992V
Current 33.487pA -1.097A 1.097A Signed two's-complement format.
Temperature 256G 128.0°C 127 996°C S‘l)gprzdb;vtv: s-complement format. 1°C LSb when reading only the
Resistance 1/4096Q 0.0Q 15.99976Q
Time 5.625s 0.0s 102.3984h
Special Format details are included with the register description.

ModelGauge m5 Algorithm

Classical coulomb-counter-based fuel gauges have excellent linearity and short-term performance. However, they suffer
from drift due to the accumulation of the offset error in the current-sense measurement. Although the offset error is often
very small, it cannot be eliminated. It causes the reported capacity error to increase over time and requires periodic
corrections. Corrections are traditionally performed at full or empty. Some other systems also use the relaxed battery
voltage to perform corrections. These systems determine the true state-of-charge (SOC) based on the battery voltage
after a long time of no current flow. Both have the same limitation: if the correction condition is not observed over time in
the actual application, the error in the system is boundless. The performance of classic coulomb counters is dominated
by the accuracy of such corrections. Voltage measurement-based SOC estimation has accuracy limitations due to
imperfect cell modeling but does not accumulate offset error over time.

The MAX77658 includes an advanced voltage fuel gauge (VFG) that estimates open-circuit voltage (OCV), even during
current flow, and simulates the nonlinear internal dynamics of a Li+ battery to determine the SOC with improved accuracy.
The model considers the time effects of a battery caused by the chemical reactions and impedance in the battery to
determine SOC. This SOC estimation does not accumulate offset error over time. The IC performs a smart empty
compensation algorithm that automatically compensates for the effect of temperature condition and load condition to
provide accurate state-of-charge information. The converge-to-empty function eliminates error toward an empty state.
The IC learns battery capacity over time automatically to improve long-term performance. The age information of the
battery is available in the output registers.

The ModelGauge m5 algorithm combines a high-accuracy coulomb counter with a VFG. See Figure 28. The
complementary combined result eliminates the weaknesses of both the coulomb counter and the VFG while providing the
strengths of both. A mixing algorithm combines the VFG capacity with the coulomb counter and weighs each result so
that both are used optimally to determine the battery state. In this way, the VFG capacity result is used to continuously
make small adjustments to the battery state, canceling the coulomb-counter drift.

www.analog.com Analog Devices | 67



Ultra-Low Power PMIC Featuring Single-Inductor, MAX77658
3-Output Buck-Boost, 2-LDOs, Power-Path
Charger, and Fuel Gauge for Small Li+

RseNsE
o S, IAYATAYA
CURRENT
>
| INTEGRATOR
L — ¥
ModelGauge COULOMB
ALGORITHM COUNTER
%SOC CHA&\ /QCHANGE
£
. CAPACITY | FULL, EMPTY, AND
MICROCORRECTIONS STANDBY-STATE
\ DETECTION UNNECESSARY

Figure 28. ModelGauge m5 Algorithm

The ModelGauge m5 algorithm uses this battery state information and accounts for temperature, battery current, age,
and application parameters to determine the remaining capacity available to the system. As the battery approaches the
critical region near empty, the ModelGauge m5 algorithm invokes a special error correction mechanism that eliminates
any error.

The ModelGauge m5 algorithm continually adapts to the cell and application through independent learning routines. As
the cell ages, its change in capacity is monitored and updated and the voltage-fuel-gauge dynamics adapt based on cell-
voltage behavior in the application.

Analog Measurements

The IC monitors voltage, current, and temperature. This information is provided to the fuel-gauge algorithm to predict cell
capacity and also made available to the user.

Voltage Measurement

VCell Register (0x09)

Register Type: Voltage

VCell reports the voltage measured between BATT and GND

AvgVCell Register (0x19)

Register Type: Voltage

The AvgVCell register reports an average of the VCell register readings.

MaxMinVolt Register (0x1B)

Register Type: Special

Initial Value: OXO0FF

The MaxMinVolt register maintains the maximum and minimum of VCell register values since the device reset. At power-
up, the maximum voltage value is set to 0x00 (the minimum) and the minimum voltage value is set to OxFF (the maximum).
Therefore, both values are changed to the voltage register reading after the first update. Host software can reset this
register by writing it to its power-up value of 0xO0FF. The maximum and minimum voltages are each stored as 8-bit values
with a 20mV resolution. See the Register Map for register format.
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Current Measurement

The MAX77658 monitors the current flow through the battery by measuring the voltage across the internal current sensing
element. The IC is precalibrated for current-measurement accuracy in the Analog Devices factory. Additionally, the IC
maintains a record of the minimum, maximum, and average current measured by the IC.

The maximum current constraints listed in the Absolute Maximum Ratings section should be followed to ensure the
100,000 hours lifetime of the sensing element. In general, the root mean square of current over whole lifetime should be
below 0.8A, with additional limitation on peak value based on utilization. If the device utilization is 100% (charges or
discharges at the highest allowable current level without stopping), then the maximum DC current rating is 0.8A. If the
device utilization is 10%, then the maximum DC current allowed is 1.2A. For example, it spends 10% of its time charging,
and the remaining 90% resting or discharging, then it can be allowed 1.2A charge current, but discharge currents should
be below 0.74A.

Current Register (0x0A)
Register Type: Current

The MAX77658 uses internal current sensing to monitor the current through the SYS FG pin. The measurement value is
stored in two's-complement format. Measurement that exceeds maximum and minimum current range is stored as
maximum and minimum value. The current register has a LSb value of 33.487pA, a register scale range of +1.097A, and
an allowable measurement range as described in the Absolute Maximum Ratings.

AvgCurrent Register (0x0B)
Register Type: Current

The AvgCurrent register reports an average of the Current register readings.

MaxMinCurr Register (0x1C)

Register Type: Special

Initial Value: 0x807F

The MaxMinCurr register maintains the maximum and minimum Current register values since the last IC reset or until
cleared by host software. At power-up, the maximum current value is set to 0x80 (most negative) and the minimum current
value is set to Ox7F (most positive). Therefore, both values are changed to the Current register reading after the first
update. Host software can reset this register by writing it to its power-up value of 0x807F. The maximum and minimum
currents are each stored as two's complement 8-bit values with 160mA resolution. See the Register Map for register
format.

Temperature Measurement

The IC can be configured to measure its own internal die temperature or an external NTC thermistor.

Set Config.TSEL = 0 (default) to enable die temperature measurement. Set Config. TSEL = 1 to enable thermistor
measurement.

Thermistor conversions are initiated by periodically connecting the TH and BATT pins internally. Measurement results of
the TH pin are compared to the voltage of the BATT pin and converted to a ratiometric value from 0% to 100%. The active
pullup is disabled when temperature measurements are complete. This reduces the current consumption.

The ratiometric results are converted to temperature using the temperature gain (TGain), temperature offset (TOff), and
temperature curve (Curve) register values. Internal die temperature measurements are factory calibrated and are not
affected by TGain, TOff, and Curve register settings. Refer to the ModelGauge m5 EZ User Guide for more details.
Additionally, the IC maintains a record of the minimum, maximum, and average temperature measured by the IC.

Temp Register (0x08)

Register Type: Temperature

The Temp register provides the temperature measured by the thermistor or die temperature based on the Conifg register
setting.

MaxMinTemp Register (0x1A)
Register Type: Special
Initial Value: 0x807F
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The MaxMinTemp register maintains the maximum and minimum Temp register (0x08) values since the last fuel-gauge reset
or until cleared by host software. At power-up, the maximum value is set to 0x80 (most negative) and the minimum value is
set to Ox7F (most positive). Therefore, both values are changed to the Temp register reading after the first update. Host
software can reset this register by writing it to its power-up value of 0x807F. The maximum and minimum temperatures are
each stored as two's complement 8-bit values with 1°C resolution. See the Register Map for format of the register.

DieTemp Register (0x34)
Register Type: Temperature

The DieTemp register provides the internal die temperature measurement. If Config.TSel = 0, DieTemp and Temp
registers have the value of the die temperature.

Power Measurement

Power Register (0xB1)

Instant power calculation from immeidate current and voltage. The LSb is 0.171mW.
AvgPower Register (0xB3)

Filtered average power from the Power register. LSb is 0.171mW.

Alert Function

The Alert Threshold registers allow interrupts to be generated by detecting a high or low voltage, current, temperature, or
state-of-charge. Interrupts are generated on the ALRT pin open-drain output driver. An external pullup is required to
generate a logic-high signal. Alerts can be triggered by any of the following conditions:

« Battery removal: (V1H > VBaTT X VDET) and battery removal detection enabled (Ber = 1).
+ Battery insertion: (VTH < VBaATT X (VDET - VDET-HYS)) and battery insertion detection enabled (Bei = 1).

» Over/undervoltage: VAIrtTh register threshold violation (upper or lower) and alerts enabled (Aen = 1).

* Over/undertemperature: TAIrtTh register threshold violation (upper or lower) and alerts enabled (Aen = 1).
 Over/undercurrent: IAIrtTh register threshold violation (upper or lower) and alerts enabled (Aen = 1).

» Over/under SOC: SAIrtTh register threshold violation (upper or lower) and alerts enabled (Aen = 1).

* 1% SOC change: RepSOC register bit d8 (1% bit) changed (dSOCen = 1).

To prevent false interrupts, the threshold registers should be initialized before setting the Aen bit. Alerts generated by
battery insertion or removal can only be reset by clearing the corresponding bit in the Status (0x00) register. Alerts
generated by a threshold-level violation can be configured to be cleared only by software, or cleared automatically when
the threshold level is no longer violated. See the Config (1Dh) and Config2 (BBh) register descriptions for details of the
alert function configuration.

Serial Number Feature

Each IC provides a unique serial number ID. To read this serial number, clear the AtRateEn and the DPEn bit in the Config2
register. The 128-bit serial information overwrites the Dynamic Power and AtRate output registers. To continue Dynamic Power
and AtRate operations after reading the serial number, the host should set Config2.AtRateEn and Config2.DPEn to 1.

Table 19. Serial Number Format

ADDRESS Config2.AtRateEn = 1 || Config2.DPEn = 1 Config2.AtRateEn = 0 && Config2.DPEn = 0
0xD4 MaxPeakPower Serial Number Word0
0xD5 SusPeakPower Serial Number Wordl
0xD9 MPPCurrent Serial Number Word2
OxDA SPPCurrent Serial Number Word3
0xDC AtQResidual Serial Number Word4
0xDD AtTTE Serial Number Word5
O0xDE AtAvSoc Serial Number Word6
OxDF AtAvCap Serial Number Word7
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ModelGauge m5 Memory Space

Registers that relate to functionality of the ModelGauge m5 fuel gauge are located on pages Oh-4h and are continued on
pages Bh and Dh. See the ModelGauge m5 EZ Algorithm section for details of specific register operation. Register
locations marked reserved should not be written to.

Table 20. ModelGauge m5 Register Memory Map

PAGE/WORD 00h 10h 20h 30h 40h BOh DOh
Oh Status FullCapRep TTF Reserved Reserved Status2 RSense / UserMem3
1h VAIrtTh TTE DevName Reserved Reserved Power ScOcvLim
2h TAIrtTh QRTableOO | QRTablelO | QRTable20 | QRTable30 | ID/ UserMem2 VGain
3h SAlrtTh FullSocThr FullCapNom | Reserved RGain AvgPower SOCHold
4h AtRate RCell Reserved DieTemp Reserved IAIrtTh MaxPeakPower
5h RepCap Reserved Reserved FullCap dQAcc TTFCfg SusPeakPower
6h RepSOC AvgTA Reserved Reserved dPAcc CVMixCap PackResistance
7h Age Cycles AIN Reserved Reserved CVHalfTime SysResistance
8h Temp DesignCap LearnCfg RCompO Reserved CGTempCo MinSysVoltage
9h VCell AvgVCell FilterCfg TempCo ConvgCfg Curve MPPCurrent
Ah Current MaxMinTemp RelaxCfg VEmpty VFRemCap HibCfg SPPCurrent
Bh AvgCurrent | MaxMinVolt MiscCfg Reserved Reserved Config2 ModelCfg
Ch QResidual | MaxMinCurr TGain Reserved Reserved VRipple AtQResidual
Dh MixSOC Config TOff FStat QH RippleCfg AtTTE
Eh AvSOC IChgTerm CGain Timer Reserved TimerH AtAvSOC
Fh MixCap AvCap COff ShdnTimer | Reserved Reserved AtAvCap

Detailed Description—I2C Serial Communication

General Description

The IC features a revision 3.0 12C-compatible, 2-wire serial interface consisting of a bidirectional serial data line (SDA)
and a serial clock line (SCL). This device acts as a slave-only device, relying on the master to generate a clock signal.
SCL clock rates from OHz to 500kHz are supported.

I2C is an open-drain bus, and therefore, SDA and SCL require pullups. Optional resistors (24Q) in series with SDA and
SCL protect the device inputs from high-voltage spikes on the bus lines. Series resistors also minimize crosstalk and
undershoot on bus signals.

Figure 29 shows the functional diagram for the 12C based communications controller. For additional information on 12C,
refer to the /2C Bus Specification and User Manual which is available for free through the internet.
Features

e 12C Revision 3.0 Compatible Serial Communications Channel

o Compatible with Any Bus Timing up to 400kHz

e Does not Utilize 12C Clock Stretching

I12C Simplified Block Diagram

There are three pins (aside from GND) for the 12C-compatible interface. V| determines the logic level, SCL is the clock
line, and SDA is the data line. Note that the interface does not have the ability to drive the SCL line.

www.analog.com Analog Devices | 71



Ultra-Low Power PMIC Featuring Single-Inductor, MAX77658
3-Output Buck-Boost, 2-LDOs, Power-Path

Charger, and Fuel Gauge for Small Li+

COMMUNICATIONS CONTROLLER
Vio _ _
scL [\L I INTERFACE
L~ DECODERS
SDA _ SHIFT REGISTERS
é P BUFFERS
|
|
=
GND 8
I 1 1 |
PERIPHERAL | | PERIPHERAL | | PERIPHERAL | | PERIPHERAL | | PERIPHERAL
0 1 2 N-1 N
N N
~ ~Z

Figure 29. I2C Simplified Block Diagram

I12C System Configuration

The 12C-compatible interface is a multimaster bus. The maximum number of devices that can attach to the bus is only
limited by bus capacitance.

A device on the I2C bus that sends data to the bus is called a transmitter. A device that receives data from the bus is
called a receiver. The device that initiates a data transfer and generates the SCL clock signals to control the data transfer
is a master. Any device that is being addressed by the master is considered a slave. The 12C-compatible interface
operates as a slave on the 12C bus with transmit and receive capabilities.

[ SoA . * * *
o 1 1 1
| | | [ 1
MASTER SLAVE SLAVE SLAVE MASTER
TRANSMITTER TRANSMITTER TRANSMITTER/
RECEIVER RECENER TRANSWITTER RECEIVER RECEIVER

Figure 30. I°C System Configuration

I12C Interface Power
The 12C interface derives its power from V|g. Typically a power input such as V|g would require a local 0.1uF ceramic

bypass capacitor to ground. However, in highly integrated power distribution systems, a dedicated capacitor might not be
necessary. If the impedance between V|g and the next closest capacitor (= 0.1uF) is less than 100mQ in series with

10nH, then a local capacitor is not needed. Otherwise, bypass V|o to GND with a 0.1yF ceramic capacitor.

V|o accepts voltages from 1.7V to 3.6V (V). Cycling V|0 does not reset the 12C registers. When Vg is less than ViouvLo
and Vgys is less than VgysuvLo, SDA and SCL are high-impedance.
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I12C Data Transfer

One data bit is transferred during 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 are control signals. See the /°C Start and Stop Conditions section.
Each transmit sequence is framed by a START (S) condition and a STOP (P) condition. Each data packet is nine bits
long: eight bits of data followed by the acknowledge bit. Data is transferred with the MSB first.

I12C Start and Stop Conditions

When the serial interface is inactive, SDA and SCL idle high. A master device initiates communication by issuing a START
condition. A START condition is a high-to-low transition on SDA with SCL high. A STOP condition is a low-to-high
transition on SDA, while SCL is high. See Figure 31.

A START condition from the master signals the beginning of a transmission to the device. The master terminates
transmission by issuing a not-acknowledge followed by a STOP condition (see the /°C Acknowledge Bit section for
information on not-acknowledge). The STOP condition frees the bus. To issue a series of commands to the slave, the
master can issue repeated start (Sr) commands instead of a STOP command to maintain control of the bus. In general a
repeated start command is functionally equivalent to a regular start command.

W\ S

i i TR > gy s10
W W W
> —tp oA - et oA

Figure 31. I°C Start and Stop Conditions

I12C Acknowledge Bit

Both the I2C bus master and slave devices generate acknowledge bits when receiving data. The acknowledge bit is the
last bit of each nine bit data packet. To generate an acknowledge (A), the receiving device must pull SDA low before the
rising edge of the acknowledge-related clock pulse (ninth pulse) and keep it low during the high period of the clock pulse.
See Figure 32. To generate a not-acknowledge (nA), the receiving device allows SDA to be pulled high before the rising
edge of the acknowledge-related clock pulse and leaves it high during the high period of the clock pulse.

Monitoring the acknowledge bits allows for detection of unsuccessful data transfers. An unsuccessful data transfer occurs
if a receiving device is busy or if a system fault has occurred. In the event of an unsuccessful data transfer, the bus master
should reattempt communication at a later time.

This device issues an ACK for all register addresses in the possible address space even if the particular register does not
exist.

s NOT ACKNOWLEDGE (NACK)
\ ACKNOWLEDGE (ACK)

WA S B B

=ty par

Figure 32. Acknowledge Bit

I12C Slave Address

The 12C controller implements 7-bit slave addressing. An I2C bus master initiates communication with the slave by issuing
a START condition followed by the slave address. See Figure 33. The OTP address is factory-programmable for one of
two options. See Table 21. All slave addresses not mentioned in Table 21 are not acknowledged.
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Table 21. I°C Slave Address Options

ADDRESS 7-BIT SLAVE ADDRESS 8-BIT WRITE ADDRESS 8-BIT READ ADDRESS
Main Address
(ADDR - 1) 0x48, 0b 100 1000 0x90, Ob 1001 0000 0x91,0b 1001 0001
Main Address
(ADDR = O 0x40, 0b 100 0000 0x80, Ob 1000 0000 0x81,0b 1000 0001
Fuel Gauge 0x36, 0b 011 0110 0x6C, Ob 0110 1100 0x6D, 0b 0110 1101
Address
Test Mode** 0x49, 0b 100 1001 0x92, 0b 1001 0010 0x93, Ob 1001 0011

*Perform all reads and writes on the main address. ADDR is a factory one-time programmable (OTP) option, allowing for
address changes in the event of a bus conflict. Contact Analog Devices for more information.

**When test mode is unlocked, the additional address is acknowledged. Test mode details are confidential. If possible,
leave the test mode address unallocated to allow for the rare event that debugging needs to be performed in cooperation
with Analog Devices.

s
SDA \J1\ooo/1\o o / RW \ A [
/

ACKNOWLEDGE

SCL 1 2 3 4 5 6 7 8 9

Figure 33. Slave Address Example

I12C Clock Stretching

In general, the clock signal generation for the 12C bus is the responsibility of the master device. The 12C specification
allows slow slave devices to alter the clock signal by holding down the clock line. The process in which a slave device
holds down the clock line is typically called clock stretching. The IC does not use any form of clock stretching to hold
down the clock line.

12C General Call Address

This device does not implement the 12C specifications general call address and does not acknowledge the general call
address (0b0000_0000).

I12C Device ID
This device does not support the 12C Device ID feature.

12C Communication Speed

This device is compatible with any bus timing up to 400kHz. The main consideration when changing bus speed through
this range is the combination of the bus capacitance and pullup resistors. Larger values of bus capacitance and pullup
resistance increase the time constant (C x R), slowing bus operation. Therefore, when increasing bus speeds, the pullup
resistance must be decreased to maintain a reasonable time constant. Refer to the Pullup Resistor Sizing section of the
I2C Bus Specification and User Manual (available for free on the internet) for detailed guidance on the pullup resistor
selection. In general, for bus capacitances of 200pF, a 100kHz bus needs 5.6kQ pullup resistors, and a 400kHz bus
needs about 1.5kQ pullup resistors. Remember that, while the open-drain bus is low, the pullup resistor is dissipating
power, and lower value pullup resistors dissipate more power (V2/R). Operating in high-speed mode requires some
special considerations. For a full list of considerations, refer to the publicly available 12C Bus Specification and User
manual. Major considerations concerning this part are:

e The I12C bus master uses current source pullups to shorten the signal rise.

e The I2C slave must use a different set of input filters on its SDA and SCL lines to accommodate for the higher bus.

e The communication protocols need to utilize the high-speed master code.

At power-up and after each stop condition, the bus input filters are set for standard mode, fast mode, and fast-mode plus
(i.e., OHz to 1MHz). To switch the input filters for high-speed mode, use the high-speed master code protocols that are
described in the /2C Communication Protocols section.
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12C Communication Protocols

Both writing to and reading from registers are supported as described in the following subsections.

Writing to a Single 8-Bit Register

Figure 34 shows the protocol for the 12C master device to write one byte of data to this device. This protocol is the same
as the SMBus specification’s write byte protocol.

The write byte protocol is as follows:

. The master sends a start command (S).

. The master sends the 7-bit slave address followed by a write bit (R/W = 0).
. The addressed slave asserts an acknowledge (A) by pulling SDA low.

. The master sends an 8-bit register pointer.

. The slave acknowledges the register pointer.

. The master sends a data byte.

. The slave updates with the new data.

0 N O g b~ WOWDN -

. The slave acknowledges or not acknowledges the data byte. The next rising edge on SDA loads the data byte into its
target register and the data becomes active.

9. The master sends a stop condition (P) or a repeated start condition (Sr). Issuing a P ensures that the bus input filters
are set for IMHz or slower operation. Issuing an Sr leaves the bus input filters in their current state.

LEGEND
MASTER TO SLAVE TO
SLAVE MASTER
NUMBER
SN SN N SN NN S B o -
|s| Stavenpbress |of Al ReGISTERPOINTER | A pata. -~ [HEEOR porse |
RIW e THE DATA IS
LOADED INTO THE
e _TARGET REGISTER
" AND BECOMES
" ACTIVE DURING
SDA - B1 Bo ACK [ THIS RISING EDGE.
: ACKNOWLEDGE ;
— P FORCES THE BUS FILTERS TO
scL . )7 8 9 " SWITCHTO SUB-MEGAHERTZ
MODE. Sr LEAVES THE BUS
s FILTERS IN THEIR CURRENT
STATE.

Figure 34. Writing to a Single 8-Bit Register with the Write-Byte Protocol

Writing Multiple Bytes to Sequential Registers

Figure 35 shows the protocol for writing to sequential registers. This protocol is similar to the write byte protocol above,
except the master continues to write after it receives the first byte of data. When the master is done writing, it issues a
stop or repeated start.

The writing to sequential registers protocol is as follows:

1. The master sends a start command (S).

2. The master sends the 7-bit slave address followed by a write bit (R/W = 0).
3. The addressed slave asserts an acknowledge (A) by pulling SDA low.

4. The master sends an 8-bit register pointer.

5. The slave acknowledges the register pointer.

6. The master sends a data byte.
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7. The slave acknowledges the data byte. The next rising edge on SDA loads the data byte into its target register and the
data becomes active.

8. Steps 6 to 7 are repeated as many times as the master requires.

9. During the last acknowledge-related clock pulse, the master can issue an acknowledge or a not acknowledge.

10. The master sends a stop condition (P) or a repeated start condition (Sr). Issuing a P ensures that the bus input filters
are set for IMHz or slower operation. Issuing an Sr leaves the bus input filters in their current state.

LEGEND

MASTER TO SLAVE TO
SLAVE MASTER

NUMBER
1 7 11 8 1 8 1 8 | *— OFBRITS

isi SLAVE ADDRESS ioiAi REGISTER POINTER X iAi " DATAXLSB iAi " DATAX NGB iAi..‘.'o_'ooo
e EEEE— L e A

RW
NUMBER

. T b T OFBITS
PNBCIIEN OTIcH B
A BT A

REGISTER POINTER = X+1
8 1 8 1 1 NUMBER

. L gl A % oFBITS
....| :DA:TA:NL:SB: |A| :DA:TA:NNESB:_ | PORSH |:;.
. :

REGISTER POINTER=N

THE DATAIS
LOADED INTO THE
TARGET REGISTER
AND BECOMES
ACTIVE DURING
THIS RISING EDGE.

soa Y B BO ACK

ACKNOWLEDGE ™"

scL .. 7 8 9 1\
.\ DETAL A

THE DATAIS
LOADED INTO THE
TARGET REGISTER
AND BECOMES
e ACTIVE DURING
/ THIS RISING EDGE.

SDA . B1 BO ACK
- *P FORCES THE
ACKNOWLEDGE " : BUS FILTERS TO

— SWITCHTO SUB-

MEGAHERTZ MODE.
N ... DETAIL:B SrLEAVES THE BUS

B DU F”_TERSINTHEIR
CURRENT STATE.

scL 7 8 9

Figure 35. Writing to Sequential Registers X to N

Writing to 16-Bit Registers

The write data protocol is used to transmit data to the registers of the fuel gauge at memory addresses from 00h to FFh.
Addresses 00h to FFh can be written as a block. The memory address is sent by the bus master as a single byte value
immediately after the slave address. The LSB of the data to be stored is written immediately after the memory address
byte is acknowledged. Because the address is automatically incremented after the last bit of each 16-bit word received
by the IC, the LSB of the data at the next memory address can be written immediately after the acknowledgment of the
MSB of data at the previous address. The master indicates the end of a write transaction by sending a STOP or Repeated
START after receiving the last acknowledge bit. If the bus master continues an auto-incremented write transaction beyond
address FFh, the IC ignores the data. Data is also ignored on writes to read-only addresses but not reserved addresses.
Do not write to reserved address locations. See Figure 36 for an example write data communication sequence.
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LEGEND
MASTER TO SLAVE TO
SLAVE MASTER
NUMBER
ooy s 4 s 8 L S orems
|s| SLAVE ADDRESS 0|A| REGISTER POINTER X |A| DATA X LSB |A| DATA X MSB |A| ccece
.
RW
NUMBER
———— L < orems
oooo| DATA X+1 LSB |A| DATA X+1 MSB |A| coee
.............. .
REGISTER POINTER = X+
NUMBER
— T = oFeis
....| DATANLSB |A| DATA N MSB |A§L‘C?(R Poasr~|
AT .

REGISTER POINTER =N

Figure 36. Example I?C Write 16-Bit Data Communication Sequence

Reading from a Single Register

Figure 37 shows the protocol for the 12C master device to read one byte of data. This protocol is the same as the SMBus
specification’s read byte protocol.

The read byte protocol is as follows:

. The master sends a start command (S).

. The master sends the 7-bit slave address followed by a write bit (R/W = 0).
. The addressed slave asserts an acknowledge (A) by pulling SDA low.

. The master sends an 8-bit register pointer.

. The slave acknowledges the register pointer.

. The master sends a repeated start command (Sr).

. The master sends the 7-bit slave address followed by a read bit (R/W = 1).

0 N O o~ W N =

. The addressed slave asserts an acknowledge by pulling SDA low.

9. The addressed slave places 8-bits of data on the bus from the location specified by the register pointer.

10. The master issues a not acknowledge (nA).

11. The master sends a stop condition (P) or a repeated start condition (Sr). Issuing a P ensures that the bus input filters
are set for IMHz or slower operation. Issuing an Sr leaves the bus input filters in their current state.

Note that when this device receives a stop, the register pointer is not modified. Therefore, if the master re-reads the same
register, it can immediately send another read command, omitting the command to send a register pointer.

*P FORCES THE BUS FILTERS TO
SWITCH TO THEIR < 1MHz MODE.

LEGEND Sr LEAVES THE BUS FILTERS IN
MASTERTO SLAVE TO THEIR CURRENT STATE.
SLAVE MASTER
NUMBER
1 7 11 8 11 7 11 8 11 - g

" DATAX

|K| Por Sr* |

Figure 37. Reading from a Single Register with the Read Byte Protocol
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Reading from Sequential Registers

Figure 38 shows the protocol for reading from sequential registers. This protocol is similar to the read byte protocol except
the master issues an acknowledge to signal the slave that it wants more data: when the master has all the data it requires
it issues a not acknowledge (nA) and a stop (P) to end the transmission. The continuous read from sequential registers
protocol is as follows:

. The master sends a start command (S).

. The master sends the 7-bit slave address followed by a write bit (R/W = 0).
. The addressed slave asserts an acknowledge (A) by pulling SDA low.

. The master sends an 8-bit register pointer.

. The slave acknowledges the register pointer.

. The master sends a repeated start command (Sr).

. The master sends the 7-bit slave address followed by a read bit (R/W = 1).

0 N OO 0o~ WN -

. The addressed slave asserts an acknowledge by pulling SDA low.
9. The addressed slave places 8-bits of data on the bus from the location specified by the register pointer.
10. The master issues an acknowledge (A) signaling the slave that it wishes to receive more data.

11. Steps 9 to 10 are repeated as many times as the master requires. Following the last byte of data, the master must
issue a not acknowledge (nA) to signal that it wishes to stop receiving data.

12. The master sends a stop condition (P) or a repeated start condition (Sr). Issuing a stop (P) ensures that the bus input
filters are set for 1MHz or slower operation. Issuing an Sr leaves the bus input filters in their current state.

Note that when this device receives a stop it does not modify its register pointer. Therefore, if the master re-reads the
same register, it can immediately send another read command, omitting the command to send a register pointer.

LEGEND *P FORCES THE BUS FILTERS TO
SWITCH TO THEIR < 1MHz MODE.
MASTERTO SLAVE TO SrLEAVES THE BUS FILTERS IN
SLAVE MASTER THEIR CURRENT STATE.
1 7 11 8 11 7 11 8 1 - gg“é%ESR
|5| SLAVE ADDRESS |0|A| REGISTER POINTER X |A|Sr| SLAVE ADDRESS |1|A| "7 DATAX |A|oooo
RW RIW NUMBER
st < orams
coee | DATA X+1 |A| DATA X+2 |A| DATA X+3 |A| ceoee
REGISTER POINTER =X + 1 REGISTER POINTER =X +2 REGISTER POINTER =X + 3
8 1 8 1 8 11 - gg’g‘fTESR
oooo| " DATAN2 |A| " DATANA |A| " DATAN |NA| PoRsr-|
REGISTER POINTER=N-2 REGISTER POINTER=N-1  REGISTER POINTER =N

Figure 38. Reading Continuously from Sequential Registers X to N
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Reading From 16-Bit Registers

The Read Data protocol is used to transmit data from memory locations of the fuel gauge registers 00h to FFh. The
memory address is sent by the bus master as a single byte value immediately after the slave address. Immediately
following the memory address, the bus master issues a REPEATED START followed by the slave address. The
MAX77658 ACKs the address and begins transmitting data. A word of data is read as two separate bytes that the master
must ACK. Because the address is automatically incremented after the final bit of each 16-bit word received by the IC,
the LSB of the data at the next memory address can be read immediately after the acknowledgment of the MSB of data
at the previous address. The master indicates the end of a read transaction by sending a NACK followed by a STOP. If
the bus master continues an auto-incremented read transaction beyond memory address FFh, the IC transmits all 1s until
a NACK or STOP is received. Data from reserved address locations is undefined. See Figure 39 for an example Read
Data communication sequence.

*P FORCES THE BUS FILTERS TO

LEGEND SWITCH TO THEIR < 1MHz MODE.
MASTERTO SLAVE TO SrLEAVES THE BUS FILTERS IN
SLAVE MASTER THEIR CURRENT STATE.
NUMBER
LN S N N S N T
|s| SLAVE ADDRESS |0|A| REGISTER POINTER X |A|Sr| SLAVE ADDRESS |1|A| ccee
RW RIW
NUMBER
% T < orams
....| DATA X LSB |A| DATA X MSB |A| ccee
REGISTER POINTER = X
NUMBER
% T < orams
eooe | " DATAXISE  [A| " DATAXHMSB  |A| eeee
REGISTER POINTER = X+1
NUMBER
0t U1 = orams
eoee | " DATANLSE  |A| " DATANMSE " |NA| poror |

REGISTER POINTER=N

Figure 39. Example ’C Read 16-Bit Data Communication Sequence
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Typical Application Circuits

MAX77658
DC (|3HARGING SOURCE | cHon svs .
4.7uF L T oo SYs >——
25V
009 £ OO LINEAR CHARGER 3 2
WITH
w1 POWER PATH SELECTOR o
10VJ_
(0402)$
TH SYS FG
10K100 REG ModelGauge m5 EZ WITH ALRT ART > SYSTEM
KQNTC I CURRENT SENSING BaTT| RESOURCES
047uF SWE |+ miiomion
25V (0603) BATTERY
(0402)
(s S - (Ve >——
. sl ] (Ve >——
tad | xa SIMO BUCK/BUCK-BOOST se2| | ]
Al EG T [ Vssm >——]
CasT— 2uF
10nF/6.3V" [ _ | BST PGND QW
(0201) (0603)
IN_LDOO Vesm0 |
IN_LDO1 VeosT |
LDOILSW LDOO o>
LDO1 ] _ Vibor
RERS 1uF :>_1
6.3V
GPIO0 GPI00 Vo v (040 o— VioPOWER
GPIO1 SDA
GPIO1 SDA
GPIO/IZC/AMUX ;
IO GPIO2 A;& SCL__—— PROCESSOR
[ AMUX_>——— ADCINPUT
= IRST RST >
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MAX77658
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ADDRE
NAME MSB LSB
SS
0x00 INT _GLBLO[7:0 DODO_R DOD1_R TJAL2_R TJAL1T_R nEN_R nEN_F GPIO_R GPIO_F
0x04 | INT_GLBL1[7:0] RSVD LDO1_F LDOO_F SBB2_F SBB1 F |SBBOF| GPIM R | GPHM_F
EVT_WDT_SFT SYSUV
0x05 ERCFLAG[7:0 SBB_FAULT 230R SFT_CRST_F | SFT_OFF_F MRST_F Lo SYSOVLO | TOVLD
TJALT_ STAT_IR
0x06 | STAT GLBL[7:0 DIDM BOK DODO_S DOD1_S TJAL2_S S STAT_EN Q
nEN_F
0x08 INTM GLBLO[7:0 DODO_RM DOD1_RM TJAL2_RM TJAL1_RM nEN_RM M GPIO_RM | GPIO_FM
SBBO_F
0x09 INTM GLBL1[7:0 RSVD LDO1_M LDOO_M SBB2_FM SBB1_FM M GPI1_RM | GPI1_FM
DBEN
0x10 | CNFG GLBL[7:0] PU_DIS T_MRST SBIA_LPM nEN_MODE[1:0] EN SFT_CTRL[1:0]
SBB_F_SH
0x11 CNEG GPIOOQ[7:0 U'FDI_\I RSVD ALT_GPIOO DBEN_GPI DO DRV DI DIR
0x12 | CNEG GPIO1[7:0 RSVD[1:0] ALT_GPIO1 DBEN_GPI DO DRV DI DIR
0x13 | CNFG GPIO2[7:0 RSVD[1:0] ALT_GPIO2 DBEN_GPI DO DRV DI DIR
0x14 CID[7:0 - - - CID[4:0]
WDT_MO | WDT_C WDT_LO
0x17 | CNFG WDT[7:0] RSVD[1:0] WDT_PER[1:0] - —~ | WDT_EN —
DE LR CK
OVERLAP
Charger
CHGIN_CTR CHGIN_
0x01 | INT_CHG[7:0] RSVD SYS_CNFG_| | SYS_CTRL_I L] TJ_REG_I | CHG | THM_|
VCHGIN_MIN_S | ICHGIN_LIM VSYS_MIN TJ_REG_S
0x02 STAT CHG A[7:0 RSVD - -~ - - - THM_DTLS[2:0]
TAT STAT STAT TAT
TIME_SU
0x03 | STAT _CHG BI7:0] CHG_DTLS[3:0] CHGIN_DTLS[1:0] CHG s
SYS_CTRL_ | CHGIN_CTR | TJ_REG_ | CHGIN_
0x07 INT M CHGI7:0 DIS_AICL SYS_CNFG_M CHG_M THM_M
M LM M M
CNEG CHG A[7:0
0x20 1 THM_HOT[1:0] THM_WARM[1:0] THM_COOL[1:0] THM_COLDI[1:0]
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ADDRE
NAME MSB LSB
SS
CNFG CHG BJ7:0
0x21 | VCHGIN_MIN[2:0] ICHGIN_LIM[2:0] I_PQ CHG_EN
CNFG CHG C[7:0
0x22 | CHG_PQ[2:0] |_TERM[1:0] T_TOPOFF[2:0]
CNFG CHG D[7:0
0x23 1 TJ_REG[2:0] VSYS_REG[4:0]
CNFG CHG EJ7:0
0x24 | CHG_CCI[5:0] T_FAST_CHG[1:0]
CNFG CHG F[7:0
0x25 | CHG_CC_JEITA[5:0] RSVD -
CNFG CHG GI7:
0x26 al CHG_CV[5:0] USBS FUS_M
CNFG CHG H[7:0 SYS_BAT_ | CHR_TH
0x27 CHG_CV_JEITA[5:0]
1 PRT _EN
0x28 | CNFG CHG I[7:0] IMON_DISCHG_SCALE[3:0] MUX_SEL[3:0]
SBB
CNFG SBB TOP|
0x38 DIS_LPM IPK_1P5A - - - - DRV_SBBJ[1:0]
.01
CNFG SBBO A[7:
0x39 TV_SBBO[7:0]
0]
NF BBO B[7: ADE_SBB
0x3A gl G SBEU OP_MODE[1:0] IP_SBBO[1:0] OS EN_SBB0[2:0]
CNFG SBB1 A[7:
0x3B TV_SBB1[7:0]
o
. -
0x3C ;NFG SRR OP_MODE[1:0] IP_SBB1[1:0] ADE1SBB EN_SBB1[2:0]
CNEG SBB2 A[7:
0x3D TV_SBB2[7:0]
0]
CNFEG SBB2 BI7: ADE_SBB
0x3E o OP_MODE[1:0] IP_SBB2[1:0] 5 EN_SBB2[2:0]
CNFG DVS SBBO
0x3F TV_SBBO_DVS[7:0]
A[7:0
LDO
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ADDRE
NAME MSB LSB
SS
CNFG LDOO A[7: | TV_OFS_LD
0x48 TV_LDOO[6:0]
0] 00
CNFG LDOO BJ7: ADE_LDO
0x49 - - - LDOO_MD EN_LDOO0[2:0]
0] 0
CNFEG LDO1 A[7: | TV_OFS_LD
0x4A TV_LDO1[6:0]
0] o1
CNFG LDO1 BI7: ADE_LDO
0x4B - - - LDO1_MD EN_LDO1[2:0]
0] 1
Register Details
INT_GLBLO (0x0)
BIT 7 6 5 4 3 2 1 0

Field DODO_R DOD1_R TJAL2_R TJAL1_R nEN_R nEN_F GPIO_R GPIO_F

Reset 0b0 0b0 0b0 0b0 0b0 0b0 0b0 0b0

Read Clears Read Clears Read Clears Read Clears Read Clears Read Clears Read Clears Read Clears

Access Type

All All All All All All All All
BITFIELD BITS DESCRIPTION DECODE
0b0 = The LDO has not detected dropout since the last
- time this bit was read.

DODO0_R 7 LDO Dropout Detector Rising Interrupt . .
0b1 = The LDO has detected dropout since the last time
this bit was read.
0b0 = The LDO has not detected dropout since the last

o time this bit was read.

DOD1_R 6 LDO Dropout Detector Rising Interrupt . .
0b1 = The LDO has detected dropout since the last time
this bit was read.
0b0 = The junction temperature has not risen above TjaL2

. since the last time this bit was read.

TJAL2_R 5 Thermal Alarm 2 Rising Interrupt . . .
0b1 = The junction temperature has risen above TyaL2
since the last time this bit was read.
0bO0 = The junction temperature has not risen above

. TJAL1 since the last time this bit was read.

TJAL1_R 4 Thermal Alarm 1 Rising Interrupt . . .
0b1 = The junction temperature has risen above TJAL1
since the last time this bit was read.
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MAX77658

BITFIELD BITS DESCRIPTION DECODE
0b0 = No nEN rising edges have occurred since the last
. time this bit was read.
nEN_R 3 nEN Rising Interrupt . . .
0b1 = A nEN rising edge has occurred since the last time
this bit was read.
0b0 = No nEN falling edges have occurred since the last
. time this bit was read.
nEN_F 2 nEN Falling Interrupt . . . .
0Ob1 = A nEN falling edge occurred since the last time this
bit was read.
GPI Rising Interrupt 0b0 = No GPI rising edges have occurred since the last
GPI0 R 1 time this bit was read.
- Note that "GPI" refers to the GPIO programmed to 0b1 = A GPI rising edge has occurred since the last time
be an input. this bit was read.
GPI Falling Interrupt 0b0 = No GPI falling edges have occurred since the last
GPI0 F 0 time this bit was read.
- Note that the GPI is the GPIO programmed to be an | Ob1 = A GPI falling edge has occurred since the last time
input. this bit was read.

INT GLBL1 (0x4)

BIT 7 6 5 4 3 2 1 0

Field RSVD LDO1_F LDOO0_F SBB2_F SBB1_F SBBO_F GPI1_R GPI1_F

Reset 0x0 0b0 0b0 0b0 0b0 0b0 0b0 0b0

Read Clears Read Clears Read Clears Read Clears Read Clears Read Clears Read Clears Read Clears

Access Type

All All All All All All All All
BITFIELD BITS DESCRIPTION DECODE
Reserved. Unutilized bit. Write to 0. Reads are don't
RSVD 7
care.
0b0 = No fault has occurred on LDO1 since the last time
this bit was read.

LDO1_F 6 LDO1 Fault Interrupt . . .
0b1 = LDO1 has fallen out of regulation since the last time
this bit was read.
0b0 = No fault has occurred on LDOO since the last time
this bit was read.

LDOO_F 5 LDOO Fault Interrupt . . .
0b1 = LDOO has fallen out of regulation since the last time
this bit was read.

SBB2_F 4 SBB2 Fault Indicator 0b0 = No fault has occurred on SBB2 since the last time
this bit was read.
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BITFIELD BITS DESCRIPTION DECODE

0Ob1 = SBB2 has fallen out of regulation since the last time
this bit was read.

0bO0 = No fault has occurred on SBB1 since the last time
this bit was read.

SBB1_F 3 SBB1 Fault Indicator . . .
0b1 = SBB1 has fallen out of regulation since the last time
this bit was read.
0b0 = No fault has occurred on SBBO since the last time

. this bit was read.

SBBO_F 2 SBBO Fault Indicator . . .
0Ob1 = SBBO has fallen out of regulation since the last time
this bit was read.

GPI Rising Interrupt 0b0 = No GPI rising edges have occurred since the last

GP1 R 1 time this bit was read.

- Note that "GPI" refers to the GPIO programmed to 0b1 = A GPI rising edge has occurred since the last time

be an input. this bit was read.
GPI Falling Interrupt 0b0 = No GPI falling edges have occurred since the last

GPI1 F 0 time this bit was read.

- Note that the GPI is the GPIO programmed to be an | Ob1 = A GPI falling edge has occurred since the last time

input. this bit was read.
ERCFLAG (0x5)

BIT 7 6 5 4 3 2 1 0
Field SBB_FAULT | EVT_WDT_SFT_230R | SFT_CRST_F | SFT_OFF_F MRST_F SYSUVLO SYSOVLO TOVLD
Reset 0b0 0b0 0b0 0b0 0b0 0b0 0b0 0b0

Read Clears Read Clears | Read Clears | Read Clears | Read Clears | Read Clears | Read Clears

Access Type Read Clears All

All All All All All All All
BITFIELD BITS DESCRIPTION DECODE

0b0 = No shutdown event has occurred from SBB fault
since the last time this bit was read.

SBB_FAULT 7 SBB Fault Shutdown Flag
- 0b1 = A shutdown event has occurred from SBB fault

since the last time this bit was read.

Watchdog Timer Expired Flag. This bit sets when | Ob0 = Watchdog timer has not expired since the last
the watchdog timer expires and causes a power- | time this bit was read.

EVT_WDT_SFT_230R 6 ) ) ) )
- - = off (WDT_MODE = 0) or a power-reset 0b1 = Watchdog timer has expired since the last time
(WDT_MODE = 1). this bit was read.
0b0 = The software cold reset has not occurred since
SFT_CRST_F 5 Software Cold Reset Flag the last read of this register.

0b1 = The software cold reset has occurred since the
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BITFIELD BITS DESCRIPTION DECODE

last read of this register. This indicates that software
has set SFT_CTRL[1:0] = 0b01.

0b0 = The SFT_OFF function has not occurred since
the last read of this register.

0Ob1 = The SFT_OFF function has occurred since the
last read of this register. This indicates that software
has set SFT_CTRL[1:0] = 0b10.

SFT_OFF_F 4 Software OFF Flag

0b0 = A manual reset has not occurred since the last
read of this register.

0b1 = A manual reset has occurred since the last read
of this register.

MRST_F 3 Manual Reset Timer

0b0 = The SYS domain undervoltage lockout has not
occurred since the last read of this register.

0Ob1 = The SYS domain undervoltage lockout has
occurred since the last read of this register. This
indicates that the SYS domain voltage fell below
VsysuvLo (~2.6V)

SYSUVLO 2 SYS Domain Undervoltage Lockout

0b0 = The SYS domain overvoltage lockout has not
occurred since the last read of this register.

0b1 = The SYS domain overvoltage lockout has
occurred since the last read of this register. This
indicates that the SYS domain voltage rose below
Vsysovio (~5.85V)

SYSOVLO 1 SYS Domain Overvoltage Lockout

0b0 = Thermal overload has not occurred since the last
read of this register.

0b1 = Thermal overload has occurred since the last
read of this register. This indicates that the junction
temperature has exceeded 145°C.

TOVLD 0 Thermal Overload

STAT GLBL (0x6)

BIT 7 6 5 4 3 2 1 0

Field

DIDM

BOK

DODO_S

DOD1_S

TJAL2_S

TJAL1_S

STAT_EN

STAT_IRQ

Reset

0b0

0b1

0b0

0b0

0b0

0b0

0b0

0b0

Access Type

Read Only

Read Only

Read Only

Read Only

Read Only

Read Only

Read Only

Read Only

BITFIELD

BITS

DESCRIPTION

DECODE

DIDM

Device Identification Bits for Metal Options

0b0 = MAX77658
0b1 = Reserved
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BITFIELD BITS DESCRIPTION DECODE
0b0 = Main bias is not ready.
BOK 6 BOK Interrupt Status o
0b1 = Main bias enabled and ready.
DODO_S 5 LDOO Dropout Detector Rising Status 000 =LDOO s not n dropout.
u isi u
- P 9 0b1 = LDOO i in dropout.
L 0b0 = LDO1 is not in dropout.
DOD1_S 4 LDO1 Dropout Detector Rising Status L
0b1 =LDO1 is in dropout.
0b0 = The junction temperature is less than Tyaz.
TJAL2_S 3 Thermal Alarm 2 Status . . .
0b1 = The junction temperature is greater than TiaL2.
0b0 = The junction temperature is less than Tyac1.
TJAL1_S 2 Thermal Alarm 1 Status . . .
0b1 = The junction temperature is greater than TiaL1.
0b0 = nEN is not active (logic-high).
STAT_EN 1 Debounced Status for the nEN Input . . )
- 0b1 = nEN is active (logic-low).
0b0 = Unmasked gate drive is logic-low.
STAT_IRQ 0 Software Version of the nNIRQ MOSFET Gate Drive g !V I g! .w
- 0b1 = Unmasked gate drive is logic-high.

INTM GLBLO (0x8)

BIT 7 6 5 4 3 2 1 0
Field DODO_RM DOD1_RM TJAL2_RM TJAL1_RM nEN_RM nEN_FM GPIO_RM GPIO_FM
Reset 0b1 0b1 Ob1 Ob1 Ob1 Ob1 Ob1 Ob1
Access Type Write, Read Write, Read Write, Read Write, Read Write, Read Write, Read Write, Read Write, Read
BITFIELD BITS DESCRIPTION DECODE
0b0 = Unmasked. If DODO_R goes from 0 to 1, then
nIRQ goes low. nIRQ goes high when all interrupt bits
DODO_RM 7 LDO Dropout Detector Rising Interrupt Mask g g g P
are cleared.
0Ob1 = Masked. nIRQ does not go low due to DOD0O_R.
0b0 = Unmasked. If DOD1_R goes from 0 to 1, then
" nIRQ goes low. nIRQ goes high when all interrupt bits
DOD1_RM 6 LDO Dropout Detector Rising Interrupt Mask
are cleared.
0Ob1 = Masked. nIRQ does not go low due to DOD1_R.
0b0 = Unmasked. If TUAL2_R goes from 0 to 1, then
» nIRQ goes low. nIRQ goes high when all interrupt bits
TJAL2_RM 5 Thermal Alarm 2 Rising Interrupt Mask
are cleared.
0Ob1 = Masked. nIRQ does not go low due to TJIAL2_R.
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BITFIELD

BITS

DESCRIPTION

DECODE

TJAL1_RM

Thermal Alarm 1 Rising Interrupt Mask

0b0 = Unmasked. If TUAL1_R goes from O to 1, then
nIRQ goes low. nIRQ goes high when all interrupt bits
are cleared.

0b1 = Masked. nIRQ does not go low due to TJAL1_R.

nEN_RM

nEN Rising Interrupt Mask

0b0 = Unmasked. If nEN_R goes from 0 to 1, then nIRQ
goes low. nIRQ goes high when all interrupt bits are
cleared.

0Ob1 = Masked. nIRQ does not go low due to nEN_R.

nEN_FM

nEN Falling Interrupt Mask

0b0 = Unmasked. If nEN_F goes from 0 to 1, then nIRQ
goes low. nIRQ goes high when all interrupt bits are
cleared.

0b1 = Masked. nIRQ does not go low due to nEN_F.

GPI0O_RM

GPI Rising Interrupt Mask

0b0 = Unmasked. If GPI_R goes from 0 to 1, then nIRQ
goes low. nIRQ goes high when all interrupt bits are
cleared.

0Ob1 = Masked. nIRQ does not go low due to GPI_R.

GPIO_FM

GPI Falling Interrupt Mask

0b0 = Unmasked. If GPI_F goes from 0 to 1, then nIRQ
goes low. nIRQ goes high when all interrupt bits are
cleared.

0b1 = Masked. nIRQ does not go low due to GPI_F.

INTM GLBL1 (0x9)

BIT 7 6 5 4 3 2 1 0
Field RSVD LDO1_M LDOO0_M SBB2_FM SBB1_FM SBBO_FM GPI1_RM GPI1_FM
Reset 0x0 Ob1 0b1 0b1 Ob1 0b1 0b1 Ob1
Access Type Write, Read Write, Read Write, Read Write, Read Write, Read Write, Read Write, Read Write, Read
BITFIELD BITS DESCRIPTION DECODE
Reserved. Unutilized bit. Write to 0. Reads are don't
RSVD 7
care.
0b0 = Unmasked. If LDO1_F goes from 0 to 1, then nIRQ
low. nIR high wh Il int t bit
LDO1 M 6 LDOA Fault Interrupt Mask goes low. nIRQ goes high when all interrupt bits are
- cleared.
0Ob1 = Masked. nIRQ does not go low due to LDO1_F.
0b0 = Unmasked. If LDOO_F goes from 0 to 1, then nIRQ
oes low. nIRQ goes high when all interrupt bits are
LDO0_M 5 LDOO Fault Interrupt Mask g & o P
cleared.
0Ob1 = Masked. nIRQ does not go low due to LDOO_F.
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BITFIELD

BITS

DESCRIPTION

DECODE

SBB2_FM

SBB2 Fault Interrupt Mask

0b0 = Unmasked. If SBB2_F goes from 0 to 1, then nIRQ
goes low. nIRQ goes high when all interrupt bits are
cleared.

0b1 = Masked. nIRQ does not go low due to SBB2_F.

SBB1_FM

SBB1 Fault Interrupt Mask

0b0= Unmasked. If SBB1_F goes from 0 to 1, then nIRQ
goes low. nIRQ goes high when all interrupt bits are
cleared.

0Ob1 = Masked. nIRQ does not go low due to SBB1_F.

SBBO_FM

SBBO Fault Interrupt Mask

0b0 = Unmasked. If SBBO_F goes from 0 to 1, then nIRQ
goes low. nIRQ goes high when all interrupt bits are
cleared.

0b1 = Masked. nIRQ does not go low due to SBBO_F.

GPI1_RM

GPI Rising Interrupt Mask

0b0 = Unmasked. If GPI_R goes from 0 to 1, then nIRQ
goes low. nIRQ goes high when all interrupt bits are
cleared.

0Ob1 = Masked. nIRQ does not go low due to GPI_R.

GPI1_FM

GPI Falling Interrupt Mask

0b0 = Unmasked. If GPI_F goes from 0 to 1, then nIRQ
goes low. nIRQ goes high when all interrupt bits are
cleared.

0b1 = Masked. nIRQ does not go low due to GPI_F.

CNFG GLBL (0x10)

BIT 7 6 5 4 3 2 1 0
Field PU_DIS T_MRST SBIA_LPM nEN_MODE[1:0] DBEN_nEN SFT_CTRL[1:0]
Reset 0b0 0b0 0b0 0b00 0b0 0b00
Access Type Write, Read Write, Read Write, Read Write, Read Write, Read Write, Read
BITFIELD BITS DESCRIPTION DECODE
) 0b0 = Strong internal nEN pullup (200kQ)
PU_DIS 7 nEN Internal Pullup Resistor .
0b1 = Weak internal nEN pullup (10MQ)
) 0b0 = 8s
T_MRST 6 Sets the Manual Reset Time (tvrsT)
Ob1=4s
0bO0 = Main bias requested to be in normal-power mode
N by software.
SBIA_LPM 5 Main Bias Low-Power Mode Software Request

0b1 = Main bias requested to be in low-power mode by
software.
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BITFIELD BITS DESCRIPTION DECODE
0b00 = Push-button mode
. . 0b01 = Slide-switch mode
nEN_MODE 4:3 nEN Input (ON-KEY) Default Configuration Mode .
0b10 = Logic mode
0b11 = Reserved
) ) 0b0 = 500us Debounce
DBEN_nEN 2 Debounce Timer Enable for the nEN Pin
0b1 = 30ms Debounce
Software Reset Functions
Note that the SFT_CRST and SFT_OFF commands .
I . 0b00 = No action
initiate the power-down sequence flow as described .
. . 0b01 = Software cold reset (SFT_CRST). The device
in the data sheet. This power-down sequence flow .
powers down, resets, and then powers up again.
has delay elements that add up to 205.24ms (60ms .
SFT_CTRL 1:0 0b10 = Software off (SFT_OFF). The device powers
delay + 10.24ms nRST assert delay + 4x2.56ms . B
. down, resets, and then remains off and waiting for a
power-down slot delays + 125ms output discharge
N wake-up event.
delay). If issuing the SFT_CRST and/or SFT_OFF
. . . 0b11 = Reserved
functions in software, wait for more than 300ms
before trying to issue any additional commands
through I12C.

CNFG GPIOO0 (0x11)

BIT 7 6 5 4 3 2 1 0
Field SBB_F_SHUTDN RSVD ALT_GPIO0 DBEN_GPI DO DRV DI DIR
Reset 0b0 0b0 0b0 0b0 0b0 0b0 0b0 Ob1
Access Type Write, Read Write, Read Write, Read Write, Read Write, Read Read Only Write, Read
BITFIELD BITS DESCRIPTION DECODE
0b0 = The SBB regulator does not shut off when an SBB
fault
SBB_F_SHUTDN 7 SBB Shutdown from SBB Fault auttoceurs .
-7 Ob1 = The SBB regulator powers down sequentially when
an SBB fault occurs
0b0 = Standard GPIO
ALT_GPIOO 5 Alternate Mode Enable for GPIO0 0b1 = Active-high input, Force USB Suspend (FUS). FUS
is only active if the FUS_M bit is setto 0
General Purpose Input Debounce Timer Enable for | ObO = No debounce
DBEN_GPI 4
- GPIO Ob1 = 30ms Debounce
This bit is a don't care when DIR = 1 (configured as
DO 3 General Purpose Output Data Output for GPOO input).
When set for GPO (DIR = 0):
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BITFIELD BITS DESCRIPTION DECODE
0b0 = GPIO is output logic-low.
0b1 = GPIO is output logic-high when set as push-pull
output (DRV = 1). GPIO is high-impedance when set as
an open-drain output (DRV = 0).
This bit is a don't care when DIR = 1 (configured as
input).
DRV 2 General Purpose Output Driver Type for GPOO
urpose Lulput briver Typ When set for GPO (DIR = 0):
0b0 = Open-drain
0b1 = Push-pull
GPIO Digital Input Value for GPIO. Irrespective of .
. 0 = Input logic-low
DI 1 whether the GPIO is set for GPI (DIR = 1) or GPO L
1 = Input logic-high
(DIR = 0), DI reflects the state of the GPIO.
o 0b0 = General purpose output (GPO)
DIR 0 GPIO Direction for GPIO0 .
0b1 = General purpose input (GPI)

CNFG GPIO1 (0x12)

BIT 7 6 5 4 3 2 1 0
Field RSVD[1:0] ALT_GPIO1 DBEN_GPI DO DRV DI DIR
Reset 0x0 0b0 0b0 0b0 0b0 0b0 0b1
Access Type Write, Read Write, Read Write, Read Write, Read Write, Read Read Only Write, Read
BITFIELD BITS DESCRIPTION DECODE
Reserved. Unutilized bit. Write to 0. Reads are don't
RSVD 7:6
care.
0b0 = Standard GPIO
0b1 = Active-high input, enable DVS control for SBBO: If
ALT_GPIO1 5 Alternate Mode Enable for GPIO1 )
- GPIO1 =0, SBBO is set by TV_SBBO; If GPIO1 = 1, SBBO
is set by TV_SBB0_DVS
DBEN_GP!I 4 General Purpose Input Debounce Timer Enable for | Ob0 = No debounce
GPI1 0b1 = 30ms Debounce
This bit is a don't care when DIR = 1 (configured as input).
When set for GPO (DIR = 0):
DO 3 General Purpose Output Data Output for GPO1 0b0 = GPIO is output logic-low.
0b1 = GPIO is output logic-high when set as push-pull
output (DRV = 1). GPIO is high-impedance when set as
an open-drain output (DRV = 0).
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BITFIELD BITS DESCRIPTION DECODE
This bit is a don't care when DIR = 1 (configured as input).
DRV 2 General Purpose Output Driver Type for GPO1 When set for GPO (DIR = 0):
0b0 = Open-drain
0b1 = Push-pull
GPIO Digital Input Value for GPI1. Irrespective of .
) 0 = Input logic-low
DI 1 whether the GPIO is set for GPI (DIR = 1) or GPO L.
1 = Input logic-high
(DIR = 0), DI reflects the state of the GPIO.
o 0b0 = General purpose output (GPO)
DIR 0 GPIO Direction for GPIO1

0b1 = General purpose input (GPI)

CNFG GPIO2 (0x13)

BIT 7 6 5 4 3 2 1 0
Field RSVD[1:0] ALT_GPIO2 DBEN_GPI DO DRV DI DIR
Reset 0x0 0b0 0b0 0b0 0b0 0b0 0b1
Access Type Write, Read Write, Read Write, Read Write, Read Write, Read Read Only Write, Read
BITFIELD BITS DESCRIPTION DECODE
Reserved. Unutilized bit. Write to 0. Reads are don't
RSVD 7:6
care.
0b0 = Standard GPIO
0Ob1 = Active-high input ble DISQBAT control: If
ALT_GPIO2 5 Alternate Mode Enable for GPIO2. clive-nig |npu., er'la © Q contro
- GPIO2 = 0, DISQBAT is disabled; If GPIO2 =1,
DISQBAT is enabled
General Purpose Input Debounce Timer Enable for | 0b0 = No debounce
DBEN_GPI 4
- GPI2 Ob1 = 30ms debounce
This bit is a don't care when DIR = 1 (configured as input).
When set for GPO (DIR = 0):
DO 3 General Purpose Output Data Output for GPO2 0b0 = GPIO is output logic low.
0b1 = GPIO is output logic high when set as push-pull
output (DRV = 1). GPIO is high-impedance when set as
an open-drain output (DRV = 0).
This bit is a don't care when DIR = 1 (configured as input).
DRV 2 General Purpose Output Driver Type for GPO2 When set for GPO (DIR = 0):

0b0 = Open-drain
0b1 = Push-pull
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BITFIELD BITS DESCRIPTION DECODE
GPIO Digital Input Value for GPI2. Irrespective of .
. 0 = Input logic-low
DI 1 whether the GPIO is set for GPI (DIR = 1) or GPO L
1 = Input logic-high
(DIR = 0), DI reflects the state of the GPIO.
0b0 =G | tput (GPO
DIR 0 GPIO Direction for GPIO2 eneral purpose output (GPO)
0b1 = General purpose input (GPI)
CID (0x14)
BIT 7 6 5 4 3 2 1 0
Field - - - CID[4:0]
Reset - - - 0b00000
Access Type - - - Read Only
BITFIELD BITS DESCRIPTION
Chip Identification Code
CID 4:0 The chip identification code refers to a set of reset values in the register map, or the
"OTP configuration."
CNFG WDT (0x17)
BIT 7 6 5 4 3 2 1 0
Field RSVD[1:0] WDT_PER([1:0] WDT_MODE WDT_CLR WDT_EN WDT_LOCK
Reset 0x0 Ob11 0b0 0b0 0b0 0b0
Access Type Write, Read Write, Read Write, Read Write, Read Write, Read Read Only
BITFIELD BITS DESCRIPTION DECODE
Reserved. Unutilized bit. Write to 0. Reads are don't
RSVD 7:6

care.

0b00 = 16 seconds

Watchdog Timer Period. Sets twp. Watchdog timer
0b01 = 32 seconds

WDT_PER 5:4 is reset to the programmed value as soon as this
e 0b10 = 64 seconds
bitfield is changed.
0b11 = 128 seconds
Watchdog Timer Expired Action. ] )
WDT_MODE 3 Determines what the IC does after the watchdog 0b0 = Watchdog timer expire causes

timer expires. power-off.
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BITFIELD BITS DESCRIPTION DECODE
0b1 = Watchdog timer expire causes
power-reset.
WDT CLR 9 Watchdog Timer Clear Control. Set this 0b0 = Watchdog timer period is not reset.
- bit to feed (reset) the watchdog timer. 0b1 = Watchdog timer is reset back to two.
. . . 0b0 = Watchdog timer is not enabled.
Watchdog Timer Enable. Write protected depending . . . . .
WDT_EN 1 0b1 = Watchdog timer is enabled. The timer expires if not
on WDT_LOCK. )
reset by setting WDT_CLR.
0b0 = Watchdog timer can be enabled and disabled with
Factory-Set Safety Bit for the Watchdog Timer. WDT_EN.
WDT_LOCK 0 Determines if the timer can be disabled through 0b1 = Watchdog timer can not be disabled with WDT_EN.
WDT_EN or not. However, WDT_EN can still be used to enable the
watchdog timer.
INT CHG (0x1)
BIT 7 6 5 4 3 2 1 0
Field RSVD SYS_CNFG_I | SYS_CTRL_I | CHGIN_CTRL_I | TJ_REG_I CHGIN_I CHG_I THM_I
Reset 0x0 0b0 0b0 0b0 0b0 0b0 0b0 0b0
. Read Clears Read Clears Read Clears Read Clears Read Clears Read Clears
Access Type Write, Read Read Clears All
All All All All All All
BITFIELD BITS DESCRIPTION DECODE
Reserved. Unutilized bit. Write to 0. Reads are don't
RSVD 7
care.
0b0 = The bit combination in CHG_CV has not been
forced to change since the last time this bit was read.
SYS_CNFG_I 6 System Voltage Configuration Error Interrupt 0Ob1 = The bit combination in CHG_CV has been forced to
change to ensure Vsys.rec = Vrast-cHe + 200mV since the
last time this bit was read.
. . 0b0 = The minimum system voltage regulation loop has
Minimum System Voltage Regulation-Loop Related . . L
o . . not engaged since the last time this bit was read.
SYS_CTRL_I 5 Interrupt. This interrupt signals a change in the . .
) 0b1 = The minimum system voltage regulation loop has
status bit VSYS_MIN_STAT. . . L
engaged since the last time this bit was read.
0b0 = Neither the VCHGIN_MIN_STAT nor the
CHGIN Control-Loop Related Interrupt. This bit ICHGIN_LIM_STAT bits have changed since the last time
CHGIN_CTRL_I 4 asserts when the input reaches current limit (Ichein- | this bit was read.
Lim) or Vera falls below Verein_min. 0b1 = The VCHGIN_MIN_STAT or ICHGIN_LIM_STAT
bits have changed since the last time this bit was read.
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BITFIELD BITS DESCRIPTION DECODE
Die Junction Temperature Regulation Interrupt. This | Ob0 = The die temperature has not exceeded Ty.rec since
TJ REG | 3 bit asserts when the die temperature (T,) exceeds the last time this bit was read.
- - Turec. This interrupt signals a change in the status | Ob1 = The die temperature has exceeded T,.rec since the
bit TJ_REG_STAT. last time this bit was read.
0b0 = The bits in CHGIN_DTLSJ1:0] have not changed
since the last time this bit was read.

CHGIN_I 2 CHGIN Related Interrupt o .
0b1 = The bits in CHGIN_DTLS[1:0] have changed since
the last time this bit was read.
0b0 = The bits in CHG_DTLS[3:0] have not changed
since the last time this bit was read.

CHG_I 1 Charger Related Interrupt o .
0b1 = The bits in CHG_DTLS[3:0] have changed since
the last time this bit was read.
0b0 = The bits in THM_DTLS[2:0] have not changed

. since the last time this bit was read.

THM_I 0 Thermistor Related Interrupt . .
0b1 = The bits in THM_DTLS[2:0] have changed since
the last time this bit was read.

STAT CHG A (0x2)
BIT 7 6 5 4 3 2 1 0

Field RSVD VCHGIN_MIN_STAT | ICHGIN_LIM_STAT | VSYS_MIN_STAT | TJ_REG_STAT THM_DTLS[2:0]

Reset 0x0 0b0 0b0 0b0 0b0 0b000

Access Write,

Read Only Read Only Read Only Read Only Read Only
Type Read
BITFIELD BITS DESCRIPTION DECODE
Reserved. Unutilized bit. Write to 0. Reads are
RSVD 7
don't care.
0b0 = The minimum CHGIN voltage regulation loop is
o . not engaged.
VCHGIN_MIN_STAT 6 Minimum Input Voltage Regulation Loop Status . .
0b1 = The minimum CHGIN voltage regulation loop has
engaged to regulate VcHaIN = VCHGIN-MIN.
0b0 = The CHGIN current limit loop is not engaged.
ICHGIN_LIM_STAT 5 Input Current Limit Loop Status 0b1 = The CHGIN current limit loop has engaged to
regulate IcHeIN < IcHGIN-LIM.
0b0 = The minimum system voltage regulation loop is
not enganged.
VSYS_MIN_STAT 4 Minimum System Voltage Regulation Loop Status 9ang . i )
0b1 = The minimum system voltage regulation loop is
engaged to regulate Vsys = Vsys-miN.
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BITFIELD BITS DESCRIPTION DECODE
0b0 = The maximum junction temperature regulation
. . . loop is not engaged.
Maximum Junction Temperature Regulation Loop . . . .
TJ_REG_STAT 3 Status 0b1 = The maximum junction temperature regulation
loop has engaged to regulate the junction temperature
to less than Ty.rec.
0b000 = Thermistor is disabled (Config.TSel = 0).
0b001 = Battery is cold as programmed by
THM_COLDI1:0]. If thermistor and charger are enabled
while the battery is cold, a battery temperature fault
occurs.
0b010 = Battery is cool as programmed by
) . THM_COOL[1:0].
Battery Temperature Details. Valid only when .
THM_DTLS 2:0 0b011 = Battery is warm as programmed by

CHGIN_DTLS[1:0] = 0b11.
THM_WARM[1:0].
0b100 = Battery is hot as programmed by
THM_HOTI[1:0]. If thermistor and charger are enabled
while the battery is hot, a battery temperature fault
occeurs.
0b101 = Battery is in the normal temperature region.
0b110 to 0b111 = Reserved.

STAT CHG B (0x3)

BIT 7 6 5 4 3 2 1 0
Field CHG_DTLSI[3:0] CHGIN_DTLS[1:0] CHG TIME_SUS
Reset 0x0 0b00 0b0 0b0
Access Type Read Only Read Only Read Only Read Only
BITFIELD BITS DESCRIPTION DECODE

0b0000 = Off

0b0001 = Prequalification mode.

0b0010 = Fast-charge constant-current (CC) mode.

0b0011 = JEITA modified fast-charge constant-current

mode.

0b0100 = Fast-charge constant-voltage (CV) mode.

0b0101 = JEITA modified fast-charge constant-voltage
CHG_DTLS 7:4 Charger Details mode.

0b0110 = Top-off mode.

0b0111 = JEITA modified top-off mode.

0b1000 = Done

0b1001 = JEITA modified done (done was entered

through the JEITA-modified fast-charge states).

0b1010 = Prequalification timer fault.

0b1011 = Fast-charge timer fault.
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BITFIELD BITS DESCRIPTION DECODE
0b1100 = Battery temperature fault.
0b1101 to Ob1111 = Reserved.
0b00 = The CHGIN input voltage is below the UVLO
threshold (Vchein < Vuvio).
0b01 = The CHGIN input voltage is above the OVP
CHGIN_DTLS 3:2 CHGIN Status Detail threshold (VcHein > Vove).
0b10 = The CHGIN input is being debounced (no power
accepted from CHGIN during debounce).
0b11 = The CHGIN input is okay and debounced.
0b0 = Charging is not happening.
CHG 1 Quick Charger Status g. 9 . p.p 9
0b1 = Charging is happening.
0b0 = The charger's timers are either not active, or not
suspended.
0b1 = The charger's active timer is suspended due to one
. . of three reasons: charge current dropped below 20% of
TIME_SUS 0 Time Suspend Indicator

IrasT-cHG While the charger state machine is in FAST
CHARGE CC mode, the charger is in SUPPLEMENT
mode, or the charger state machine is in BATTERY
TEMPERATURE FAULT mode.

INT M CHG (0x7)

BIT 7 6 5 4 3 2 1 0
Field DIS_AICL | SYS_CNFG_M | SYS_CTRL_M | CHGIN_CTRL_M | TJ_REG_M CHGIN_M CHG_M THM_M
Reset 0x0 0b1 Ob1 Ob1 Ob1 Ob1 Ob1 0b1
Access Type Write, Read Write, Read Write, Read Write, Read Write, Read Write, Read Write, Read Write, Read

BITFIELD BITS DESCRIPTION DECODE
) . 0b0 = Active input current loop active
DIS_AICL 7 Active Input Current Loop Disable L .
0b1 = Active input current loop disabled
Setting this bit prevents the SYS_CNFG_]I bit from | 0b0 = SYS_CNFG_1I is not masked.
SYS_CNFG_M 6 ) .
causing hardware IRQs. Ob1 = SYS_CNFG_| is masked.
Setting this bit prevents the SYS_CTRL_| bit from 0b0 = SYS_CTRL_I is not masked.
SYS_CTRL_M 5 ) )
- - causing hardware IRQs. 0b1 =SYS_CTRL_| is masked.
Setting this bit prevents the CHGIN_CTRL_| bit 0b0 = CHGIN_CTRL_I is not masked.
CHGIN_CTRL_M 4 ) ;
from causing hardware IRQs. 0b1 = CHGIN_CTRL_| is masked.
TJ REG M 3 Setting this bit prevents the TUREG_I bit from 0b0 = TIREG_I is not masked.
- - causing hardware IRQs. 0b1 = TIREG_| is masked.
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3-Output Buck-Boost, 2-LDOs, Power-Path

Charger, and Fuel Gauge for Small Li+

BITFIELD BITS DESCRIPTION DECODE
CHGIN M 9 Setting this bit prevents the CHGIN_I bit from 0b0 = CHGIN_I is not masked.
- causing hardware IRQs. 0b1 = CHGIN_I is masked.
CHG M 1 Setting this bit prevents the CHG_| bit from causing | 0b0 = CHG_| is not masked.
- hardware IRQs. 0b1 = CHG_| is masked.
THM M 0 Setting this bit prevents the THM_I bit from causing | 0b0 = THM_I is not masked.
- hardware IRQs. 0b1 = THM_I is masked.

CNFG CHG A (0x20)

BIT 7 6 5 4 3 2 1 0
Field THM_HOT[1:0] THM_WARM[1:0] THM_COOL[1:0] THM_COLD[1:0]
Reset 0b00 0b00 0b11 0b11
Access Type Write, Read Write, Read Write, Read Write, Read
BITFIELD BITS DESCRIPTION DECODE
0b00 = THot = 45°C
0b01 = Thot = 50°C
THM_HOT 7:6 Sets the Thot JEITA Temperature Threshold
0b10 = THot = 55°C
0b11 = Thot = 60°C
0b00 = Twarm = 35°C
0b01 = Twarm = 40°C
THM_WARM 5:4 Sets the Twarm JEITA Temperature Threshold
0b10 = Twarm = 45°C
0b11 = Twarm = 50°C
0b00 = TcooL = 0°C
0b01 =T =5°C
THM_COOL 3:2 Sets the Tcool JEITA Temperature Threshold oot
0b10 = TcooL = 10°C
0b11 = TcooL = 15°C
0b00 = Tcowp = -10°C
0b01 = Tcowp = -5°C
THM_COLD 1:0 Sets the Tcowp JEITA Temperature Threshold
0b10 = Tcowp = 0°C
0b11 = Tcowp = 5°C
CNFG _CHG B (0x21)
BIT 7 6 5 4 3 2 1 0
Field VCHGIN_MIN[2:0] ICHGIN_LIM[2:0] I_PQ CHG_EN

www.analog.com Analog Devices | 98



Ultra-Low Power PMIC Featuring Single-Inductor, MAX77658
3-Output Buck-Boost, 2-LDOs, Power-Path
Charger, and Fuel Gauge for Small Li+
Reset 0b000 0b000 0b0 0b0
Access Type Write, Read Write, Read Write, Read Write, Read
BITFIELD BITS DESCRIPTION DECODE
0b000 = 4.0V
0b001 =4.1V
0b010 = 4.2V
VCHGIN_MIN 7:5 Minimum CHGIN Regulation Voltage (V ) 0b011 = 4.3V
. Inimu ulati -|
- 9 98 (Yeramum) | 6p100 = 4.4v
0b101 = 4.5V
0b110 = 4.6V
0b111=4.7V
0b000 = 475mA
0b001 = 380mA
0b010 = 285mA
ICHGIN_LIM 4:2 CHGIN Input C t Limit (I X
- nput Current Limit (Iokcin-uv) 0b011 = 190mA
0b100 = 95mA
0b101 to 0b111 = Reserved. Defaults to 0b100.
| PQ 1 Sets the prequalification charge current (Ipq) as a 0b0 =10%
- percentage of Irast-cHe. 0b1 =20%
Default value defined by OTP bit CHG_EN_DFT:
CHG_EN 0 Charger Enable 0b0 = The battery charger is disabled.
0b1 = The battery charger is enabled.
CNFG CHG C (0x22)
BIT 7 6 5 4 3 2 1 0
Field CHG_PQ[2:0] I_TERM[1:0] T_TOPOFF[2:0]
Reset 0b111 0Ob11 0b000
Access Type Write, Read Write, Read Write, Read
BITFIELD BITS DESCRIPTION DECODE
0b000 = 2.3V
0b001 = 2.4V
0b010 = 2.5V
CHG_PQ 7:5 Battery P lification Voltage Threshold (Veaq) 00011 = 2.6V
: attery Prequalification Voltage Thresho
- AR 9 Pa 0b100 = 2.7V
0b101 =2.8V
0b110 = 2.9V
0b111 = 3.0V
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BITFIELD BITS DESCRIPTION DECODE
Charger Termination Current (I ). |_TERM[1:0] 0b00 = 5%
9 urrent {rerw). | obo1=7.5%
|_TERM 4:3 sets the charger termination current as a
ercentage of the fast-charge current | 0010 =10%
p g g FAST-CHG. 0b11 = 15%
0b000 = 0 minutes
0b001 =5 minutes
0b010 = 10 minutes
0b011 = 15 minut
T_TOPOFF 2:0 Top-Off Timer Value (tro) m!nu es
0b100 = 20 minutes
0b101 = 25 minutes
0b110 = 30 minutes
0b111 = 35 minutes
CNFG CHG D (0x23)
BIT 7 6 5 4 3 2 1 0
Field TJ_REG[2:0] VSYS_REG[4:0]
Reset 0b000 0b10110
Access Type Write, Read Write, Read
BITFIELD BITS DESCRIPTION DECODE
0b000 = 60°C
o . . ) 0b001 = 70°C
Sets the die junction temperature regulation point,
TJ_REG 7:5 T 0b010 = 80°C
Ree: 0b011 = 90°C
0b100 to 0b111 = 100°C
System Voltage Regulation (Vsys-re) 0x0 = 3.400V
0x1 = 3.450V
This 5-bit configuration is a linear transfer function 0x2 = 3.500V
h 4V 4.8V, with \
VSYS REG 40 t at starts at 3.4V and ends at 4.8V, with 50m
increments.
Program Vsvs_rec to at least 200mV above the 0x1B = 4.750V
higher of Vrast-cHe and Vrast-cHe-JeITA. 0x1C - Ox1F = 4.800V
CNFG CHG E (0x24)
BIT 7 6 5 4 3 2 1 0
Field CHG_CC[5:0] T_FAST_CHGI1:0]
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Reset 0b000001 0b01
Access Type Write, Read Write, Read
BITFIELD BITS DESCRIPTION DECODE
Sets the fast-charge constant current value, Irast- 0x0 = 7.5mA
CHG. 0x1=15.0mA
0x2 = 22.5mA
CHG_CC 7:2 ) ) ) L . .
This 6-bit configuration is a transfer function with
7.5mA increments starts at 7.5mA and ends at 0x26 = 292.5mA
300mA, with 7.5mA increments. 0x27 to 0x3F = 300.0mA
0b00 = Timer disabled
. 0b01 = 3 hours
T_FAST_CHG 1:0 Sets the fast-charge safety timer, trc.
0b10 = 5 hours
0b11 =7 hours
CNFG CHG F (0x25)
BIT 7 6 5 4 3 2 1 0
Field CHG_CC_JEITA[5:0] RSVD -
Reset 0b000001 0b0 -
Access Type Write, Read Write, Read -
BITFIELD BITS DESCRIPTION DECODE
Sets the modified Irast-cHc-Jeira for when the battery
is either cool or warm as defined by the THM_HOT,
0x0 = 7.5mA
THM_WARM, THM_COOL, and
- - . . 0x1 =15.0mA
THM_COLD temperature thresholds. This register 0x2 = 22.5mA
CHG_CC_JEITA 7:2 is a don't care if the battery temperature is normal. ’
. . ) L . . 0x26 = 292.5mA
This 6-bit configuration is a transfer function with
. 0x27 to 0x3F = 300mA
7.5mA increments starts at 7.5mA and ends at
300mA, with 7.5mA increments.
Reserved. Unutilized bit. Write to 0. Reads are
RSVD 1
don't care.
CNFG CHG G (0x26)
BIT 7 6 5 4 3 2 1 0
Field CHG_CVI[5:0] USBS FUS_M
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Ultra-Low Power PMIC Featuring Single-Inductor, MAX77658
3-Output Buck-Boost, 2-LDOs, Power-Path
Charger, and Fuel Gauge for Small Li+
Reset 0b000000 0b0
Access Type Write, Read Write, Read Write, Read
BITFIELD BITS DESCRIPTION DECODE
Sets fast-charge battery regulation voltage, Vrast-
CHG. 0x0 = 3.600V
0x1 = 3.625V
This 6-bit configuration is a linear transfer function 0x2 = 3.650V
that starts at 3.6V and ends at 4.6V, with 25mV
CHG_CV 7:2 )
- increments.
Program Vsys_rec to at least 200mV above the 0x27 = 4.575V
higher of Vrast-cHe and Veast-cHa-Jeima if 0x28 to 0x3F = 4.600V
CNFG_CHG_H.SYS_BAT_PRT =1.
0b0 = CHGIN is not suspended and can draw current
from an adapter source.
) L ) 0b1 = CHGIN is suspended and can not draw current
Setting this bit places CHGIN in USB suspend
USBS 1 from an adapter source.
mode.
Note: USBS = 1 results in CHGIN_I interrupt AND
CHGIN_DTLSJ[1:0] = 0b00.
FUS (ALT mode of GPIOO0) is only active if the FUS_M bit
FUS_M 0 is set to 0. See the GPIO Alternate Mode section for more
details.
CNFG CHG H (0x27)
BIT 7 6 5 4 3 2 1 0
Field CHG_CV_JEITA[5:0] SYS_BAT_PRT | CHR_TH_EN
Reset 0b000000 Ob1 0b1
Access Type Write, Read Write, Read Write, Read
BITFIELD BITS DESCRIPTION DECODE
Sets the. m(.)dified VFasT-cHe-JEiTA for Yvhen the 0x0 = 3.600V
battery is either cool or warm as defined by the 0x1 = 3.625V
THM_HOT, THM_WARM, THM_COOL, and 0x2 = 3.650V
THM_COLD temperature thresholds. This register
CHG_CV_JEITA 7:2 is a don't care if the battery temperature is normal.
This 6-bit configuration is a linear transfer function | o ~7 _ 4 575y

that starts at 3.6V and ends at 4.6V, with 25mV
increments.

0x28 to 0x3F = 4.600V
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MAX77658

BITFIELD BITS DESCRIPTION DECODE
Program Vsvs_rec to at least 200mV above the
higher of Vrast-cie and Veast-cHa-JeiTa if
CNFG_CHG_H.SYS_BAT_PRT =1.
Vsys_rec - CHG_CV Clamp
By default, the Vsys_rec has to be at least 200mV
higher than the programmed CHG_CV. If this bit is
cleared (hardware protection is turned off), the )
. . 0b0 = Vsvs_rec-cHG_cv, 200mV clamp disabled
SYS_BAT_PRT 1 software has to provide the protection (the SYS
) 0b1 = Vsvs_rec-cHG_cv, 200mV clamp enabled
voltage has to be 200mV higher than the BATT
voltage). If the Vsvs_rec is lower than
CHG_CV+200mV, the charger reduces CHG_CV to
satisfy the 200mV requirement.
0b0 = Restart threshold disabled
CHR_TH_EN 0 Charger Restart Threshold Enable
0Ob1 = Restart threshold enabled

CNFG CHG 1(0x28)

BIT 7 6 5 4 3 2 1 0
Field IMON_DISCHG_SCALE[3:0] MUX_SEL[3:0]
Reset OxF 0x0
Access Type Write, Read Write, Read
BITFIELD BITS DESCRIPTION DECODE
0x0 = 8.2mA
0x1 =40.5mA
0x2 =72.3mA
0x3 = 103.4mA
Selects the battery disch tfull-scale | X4 134 1mA
i r rrent full-
IMON_DISCHG_SCALE 7:4 elects fhe batiery discharge current fuf-scale 0x5 = 164.1mA
- - current value.
0x6 = 193.7mA
0x7 =222.7mA
0x8 = 251.2mA
0x9 = 279.3mA
0xA to OxF = 300.0mA
0b0000 = Multiplexer is disabled and AMUX is high-
Selects the analog channel to connect to AMUX: | impedance.
0b0001 = CHGIN voltage monitor.
MUX_SEL 3:0 Note that the multiplexer consumes current 0b0010 = CHGIN current monitor.
unless it is in the 0b0000 state. When 0b0011 = BATT voltage monitor.
measurements are not needed, make sure to 0b0100 = BATT charge current monitor. Valid only
configure MUX_SEL[3:0] = 0b0000. while battery charging is happening (CHG = 1).
0b0101 = BATT discharge current monitor normal
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BITFIELD

BITS

DESCRIPTION

DECODE

Also note that for AMUX to operate, the on/off
controller must be in the "Resource On" state.

measurement.

0b0110 = BATT discharge current monitor nulling
measurement.

0b0111 = Reserved.

0b1000 = Reserved.

0b1001 = AGND voltage monitor (through 100Q
pulldown resistor).

0b1010 to Ob1111 = SYS voltage monitor.

CNFG SBB TOP (0x38)

BIT 7 6 5 4 3 2 1 0
Field DIS_LPM IPK_1P5A - - - - DRV_SBBJ[1:0]
Reset 0b0 0b0 - - - - 0b00
Access Type Write, Read Write, Read - - - - Write, Read
BITFIELD BITS DESCRIPTION DECODE
DIS LPM 7 Disables the automatic low-power mode for each 0b0 = Automatic low-power mode for each SIMO channel.
- SIMO channel. 0b1 = Disable LPM feature for each SIMO channel.
0b0 = SBB2 inductor current limit is 1.0A if
. CNFG_SBB_B.IP_SBB2[1:0] = 0b00.
IPK_1P5A 6 SBB2 Inductor Current Limit Offset I o )
- 0b1 = SBB2 inductor current limit is 1.5A if
CNFG_SBB_B.IP_SBB2[1:0] = 0b00.
. 0b00 = Fastest transition time.
SIMO Buck-Boost (all channels) Drive Strength )
. 0b01 = A little slower than 0b00.
DRV_SBB 1:0 Trim .
- . . . 0b10 = A little slower than 0b01.
See the Drive Strength section for more details. .
0b11 = A little slower than 0b10.

CNFG SBBO A (0x39)

BIT 7 6 5 4 3 2 1 0
Field TV_SBBO[7:0]
Reset 0x00
Access Type Write, Read
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BITFIELD

BITS

DESCRIPTION

DECODE

TV_SBBO

7:0

increments.

SIMO Buck-Boost Channel 0 Target Output Voltage
This 8-bit configuration is a linear transfer function
that starts at 0.5V, ends at 5.5V, with 25mV

0x00 = 0.500V
0x01 = 0.525V

0x02 = 0.550V
0x03 = 0.575V

0x04 = 0.600V

0x05 = 0.625V
0x06 = 0.650V
0x07 = 0.675V

0x08 = 0.700V

0xC5 = 5.425V
0xC6 = 5.450V
0xC7 = 5475V
0xC8 to OxFF = 5.500V

CNFG SBBO B (0x3A)

BIT

Field

OP_MODE[1:0]

IP_SBBO[1:0]

ADE_SBB0

EN_SBBO[2:0]

Reset

0b00

0b00

0b0 0b000

Access Type

Write, Read

Write, Read

Write, Read

Write, Read

BITFIELD

BITS

DESCRIPTION

DECODE

OP_MODE

7:6 Operation Mode of SBBO

0b00 = Automatic

0b01 = Buck mode

0b10 = Boost mode

0b11 = Buck-boost mode

IP_SBBO

5:4 SIMO Buck-Boost Channel 0 Peak Current Limit

0b00 = 1.000A
0b01 = 0.750A
0b10 = 0.500A
Ob11 =0.333A

ADE_SBBO0

Enable

SIMO Buck-Boost Channel 0 Active-Discharge

0b0 = The active discharge function is disabled. When
SBBO is disabled, its discharge rate is a function of the
output capacitance and the external load.

0b1 = The active discharge function is enabled. When
SBBO is disabled, an internal resistor (Rap_ssso) is
activated from SBBO to PGND to help the output voltage
discharge. The output voltage discharge rate is a function
of the output capacitance, the external loading, and the
internal Rap_ssgo load.
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BITFIELD BITS DESCRIPTION DECODE

0b000 = FPS slot 0
0b001 = FPS slot 1

Enable Control for SIMO Buck-Boost Channel 0, 0b010 = FPS slot 2
EN SBBO 20 selecting either an FPS slot the channel powers-up | 0b011 = FPS slot 3
- and powers-down in or whether the channel is 0b100 = Off irrespective of FPS
forced on or off. 0b101 = Same as 0b100

0b110 = On irrespective of FPS
0b111 = Same as 0b110

CNFG SBB1 A (0x3B)

BIT 7 6 5 4 3 2 1 0
Field TV_SBB1[7:0]
Reset 0x00
Access Type Write, Read
BITFIELD BITS DESCRIPTION DECODE
0x00 = 0.500V
0x01 = 0.525V
0x02 = 0.550V
0x03 = 0.575V
0x04 = 0.600V
SIMO Buck-Boost Channel 1 Target Output Voltage 0x05 = 0.625V
This 8.bi i . i 0x06 = 0.650V
is 8-bit configuration is a linear transfer function
TV_SBB1 7o that starts at 0.5V, ends at 5.5V, with 25mV 0x07 = 0.675V
. ' ' 0x08 = 0.700V
increments.
0xC5 = 5.425V
0xC6 = 5.450V
0xC7 = 5.475V
0xC8 to OxFF = 5.500V
CNFG SBB1 B (0x3C)
BIT 7 6 5 4 3 2 1 0
Field OP_MODE[1:0] IP_SBB1[1:0] ADE_SBBH1 EN_SBB1[2:0]
Reset 0b00 0b00 0b0 0b000
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Access Type Write, Read Write, Read Write, Read Write, Read
BITFIELD BITS DESCRIPTION DECODE
0b00 = Automatic
0b01 = Buck mode
P_MODE 7: tion Mode of SBB1
OP_MO 6 Operation Mode of S 0b10 = Boost mode
0b11 = Buck-boost mode
0b00 = 1.000A
. 0b01 = 0.750A
IP_SBB1 5:4 SIMO Buck-Boost Channel 1 Peak Current Limit
- 0b10 = 0.500A
0b11 =0.333A
0b0 = The active discharge function is disabled. When
SBB1 is disabled, its discharge rate is a function of the
output capacitance and the external load.
. . 0b1 = The active discharge function is enabled. When
SIMO Buck-Boost Channel 1 Active-Discharge L . . .
ADE_SBB1 3 Enable SBB1 is disabled, an internal resistor (Rap_ssg1) is
activated from SBB1 to PGND to help the output voltage
discharge. The output voltage discharge rate is a function
of the output capacitance, the external loading, and the
internal Rap_sss1 load.
0b000 = FPS slot 0
0b001 = FPS slot 1
Enable control for SIMO buck-boost channel 1, 0b010 = FPS slot 2
selecting either an FPS slot the channel powers-up | 0b011 = FPS slot 3
EN_SBB1 2:0

and powers-down in or whether the channel is
forced on or off.

0b100 = Off irrespective of FPS
0b101 = Same as 0b100
0b110 = On irrespective of FPS
0b111 = Same as 0b110

CNFG SBB2 A (0x3D)

BIT 7 6 5 4 3 2 1 0
Field TV_SBB2[7:0]
Reset 0x00
Access Type Write, Read
BITFIELD BITS DESCRIPTION DECODE
SIMO Buck-Boost Channel 2 Target Output Voltage 0x00 = 0.500V
This 8-bit configuration is a linear transfer functon | 0X01 = 0.525V
TV_SBB2 7:0 .
that starts at 0.5V, ends at 5.5V, with 25mV 0x02 = 0.550V
increments. 0x03 = 0.575V
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BITFIELD

BITS

DESCRIPTION

DECODE

0x04 = 0.600V

0x05 = 0.625V
0x06 = 0.650V
0x07 = 0.675V
0x08 = 0.700V

0xC5 = 5.425V
0xC6 = 5.450V
0xC7 = 5.475V
0xC8 to OxFF = 5.500V

CNFG SBB2 B (0x3E)

BIT

Field

OP_MODE[1:0]

IP_SBB2[1:0]

ADE_SBB2 EN_SBB2[2:0]

Reset

0b00

0b00

0b0 0b000

Access Type

Write, Read

Write, Read

Write, Read Write, Read

BITFIELD

BITS

DESCRIPTION

DECODE

OP_MODE

7:6 Operation Mode of SBB2

0b00 = Automatic

0b01 = Buck mode

0b10 = Boost mode

0b11 = Buck-boost mode

IP_SBB2

5:4 SIMO Buck-Boost Channel 2 Peak Current Limit

0b00 = 1.000A if CNFG_SBB_TOP.IPK_1P5A = 0;
1.500A if CNFG_SBB_TOP.IPK_1P5A = 1

0b01 = 0.750A

0b10 = 0.500A

0b11 = 0.333A

ADE_SBB2

Enable

SIMO Buck-Boost Channel 2 Active-Discharge

0b0 = The active discharge function is disabled. When
SBB2 is disabled, its discharge rate is a function of the
output capacitance and the external load.

0b1 = The active discharge function is enabled. When
SBB2 is disabled, an internal resistor (Rap_sss2) is
activated from SBB2 to PGND to help the output voltage
discharge. The output voltage discharge rate is a function
of the output capacitance, the external loading, and the
internal Rap_ses2 load.

EN_SBB2

2:0 Enable control for SIMO buck-boost channel 2,
selecting either an FPS slot the channel powers-up

0b000 = FPS slot 0
0b001 = FPS slot 1
0b010 = FPS slot 2

www.analog.com

Analog Devices | 108



Ultra-Low Power PMIC Featuring Single-Inductor, MAX77658
3-Output Buck-Boost, 2-LDOs, Power-Path
Charger, and Fuel Gauge for Small Li+

BITFIELD BITS DESCRIPTION DECODE

and powers-down in or whether the channel is 0b011 = FPS slot 3

forced on or off. 0b100 = Off irrespective of FPS
0b101 = Same as 0b100
0b110 = On irrespective of FPS
0b111 = Same as 0b110

CNFG DVS SBBO A (0x3F)

BIT 7 6 5 4 3 2 1 0
Field TV_SBB0_DVS[7:0]
Reset 0x00
Access Type Write, Read
BITFIELD BITS DESCRIPTION DECODE
0x00 = 0.500V
0x01 = 0.525V
0x02 = 0.550V
0x03 = 0.575V
0x04 = 0.600V
SIMO Buck-Boost Channel 0 Target Output Voltage 0x05 = 0.625V
This 7-bi L . 0x06 = 0.650V
is 7-bit configuration is a linear transfer function
TV_SBBO_DVS 70 that starts at 0.5V, ends at 5.5V, with 25mV 0x07 = 0.675V
. o o 0x08 = 0.700V
increments.
0xC5 = 5.425V
0xC6 = 5.450V
0xC7 =5.475V
0xC8 to OxFF = 5.500V
CNFG LDOO0 A (0x48)
BIT 7 6 5 4 3 2 1 0
Field TV_OFS_LDOO0O TV_LDOO[6:0]
Reset 0b0 0b0000000
Access Type Write, Read Write, Read
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BITFIELD BITS DESCRIPTION DECODE
LDOO Output Voltage Offset. This bit applies a 0b0 = No Offset
TV_OFS_LDOO0 7
- - 1.325V offset to the output voltage of the LDOO. 0Ob1 = 1.325V Offset
0x00 = 0.500V
0x01 = 0.525V
0x02 = 0.550V
0x03 = 0.575V
0x04 = 0.600V
0x05 = 0.625V
0x06 = 0.650V
LDOO Target Output Voltage 8)(8; f 83;8&
The tareget output voltage of the LDO would X -
TV_LDOO 6:0 be TV_OFS_LDOO + TV_LDOO. This 7-bit
configuration is a linear transfer function that starts
at 0.5V, ends at 3.675V, with 25mV increments. OX7E = 3.650V
0x7F = 3.675V

When TV_LDO[7] = 0, TV_LDO[6:0] sets the LDO's
output voltage range from 0.5V to 3.675V.

When TV_LDO[7] = 1, TV_LDO[6:0] sets the LDO's
output voltage from 1.825V to 5V.

CNFG LDOO B (0x49)

BIT 7 6 5 4 3 2 1 0

Field - - - LDOO_MD ADE_LDOO EN_LDOO0[2:0]

Reset - - - 0b0 0b0 0b000

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

BITFIELD BITS DESCRIPTION DECODE
0b0 = Low dropout linear regulator (LDO) mode

LDOO0_MD 4 Operation Mode of LDOO p o ( )
0b1 = Load switch (LSW) mode
0b0 = The active discharge function is disabled. When
LDOO is disabled, its discharge rate is a function of the
output capacitance and the external load.

ADE_LDOO 3 LDOO Active-Discharge Enable Ob1 = The active discharge function is enabled. When
LDO is disabled, an internal resistor (Rap_Lpo) is activated
from LDO to GND to help the output voltage discharge.
The output voltage discharge rate is a function of the
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BITFIELD

BITS

DESCRIPTION

DECODE

output capacitance, the external loading, and the internal
Rapb_Lpo load.

EN_LDOO

2:0

Enable Control for LDOO, selecting either an FPS
slot the channel powers-up and powers-down in or
whether the channel is forced on or off.

0b000 = FPS slot 0

0b001 = FPS slot 1

0b010 = FPS slot 2

0b011 = FPS slot 3

0b100 = Off irrespective of FPS
0b101 = Same as 0b100
0b110 = On irrespective of FPS
Ob111 = Same as 0b110

CNFG LDO1

A (0x4A)

BIT

Field

TV_OFS_LDOf1

TV_LDO1[6:0]

Reset

0b0

0b0000000

Access Type

Write, Read

Write, Read

BITFIELD

BITS

DESCRIPTION

DECODE

TV_OFS_LDO1

LDO1 Output Voltage Offset. This bit applies a
1.325V offset to the output voltage of the LDO1.

0b0 = No offset
Ob1 = 1.325V offset

TV_LDO1

6:0

LDO1 Target Output Voltage

The target output voltage of the LDO would

be TV_OFS_LDO1 + TV_LDO1. This 7-bit
configuration is a linear transfer function that starts
at 0.5V, ends at 3.675V, with 25mV increments.

0x00 = 0.500V
0x01 = 0.525V

0x02 = 0.550V
0x03 = 0.575V

0x04 = 0.600V

0x05 = 0.625V
0x06 = 0.650V
0x07 = 0.675V
0x08 = 0.700V

Ox7E = 3.650V

Ox7F = 3.675V

When TV_LDOJ[7] = 0, TV_LDOI6:0] sets the LDO's
output voltage range from 0.5V to 3.675V.

When TV_LDO[7] = 1, TV_LDO[6:0] sets the LDO's
output voltage from 1.825V to 5V.
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CNFG LDO1 B (0x4B)

MAX77658

BIT 7 4 3 1 0
Field - LDO1_MD ADE_LDO1 EN_LDO1[2:0]
Reset - 0b0 0b0 0b000
Access Type - Write, Read Write, Read Write, Read
BITFIELD BITS DESCRIPTION DECODE
. 0b0 = Low dropout linear regulator (LDO) mode
LDO1_MD 4 Operation Mode of LDO .
0Ob1 = Load switch (LSW) mode
0b0 = The active discharge function is disabled. When
LDOO is disabled, its discharge rate is a function of the
output capacitance and the external load.
0b1 = The active discharge function is enabled. When
ADE_LDO1 3 LDO1 Active-Discharge Enable LDO is disabled, an internal resistor (Rap_Loo) is activated
from LDO to GND to help the output voltage discharge.
The output voltage discharge rate is a function of the
output capacitance, the external loading, and the internal
Rap_tpo load.
0b000 = FPS slot 0
0b001 = FPS slot 1
) ) 0b010 = FPS slot 2
Enable control for LDO1, selecting either an FPS
) 0b011 = FPS slot 3
EN_LDO1 2:0 slot the channel powers-up and powers-down in or . .
. 0b100 = Off irrespective of FPS
whether the channel is forced on or off.
0b101 = Same as 0b100
0b110 = On irrespective of FPS
0b111 = Same as 0b110
Fuel Gauge
ADDRESS NAME MSB LSB
Status and Configuration Registers
Status[15:8 Br Smx Tmx Vmx Bi Smn Tmn Vmn
0x00
Status[7:0 dSOCi Imx X X Bst Imn POR X
VAIrtTh[15:8 VMAX[7:0]
0x01
VAIrtTh[7:0 VMIN[7:0]
TAIrtTh[15:8 TMAX[7:0]
0x02
TAItTh[7:0 TMIN[7:0]
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ADDRESS

NAME

MSB

LSB

0x03

SAItTh[15:8

SMAX[7:0]

SAIrtTh[7:0

SMIN(7:0]

0x13

FullSOCThr{15:8

FullSOCThr[15:8]

FullSOCThr{7:0

FullSOCThr[7:0]

0x18

DesignCap[15:8

DesignCap[15:8]

DesignCapl[7:0

DesignCapl[7:0]

0x1D

Config[15:8

TSel SS TS VS IS

THSH Ten

Tex

Config[7:0

SHDN COMMSH X ETHRM FTHRM

Aen Bei

Ber

Ox1E

IChgTerm[15:8

ICHGTerm[15:8]

IChgTerm([7:0

ICHGTerm[7:0]

0x21

DevName[15:8

DevName[15:8]

DevNamel[7:0

DevNamel[7:0]

0x28

LearnCfg[15:8

LearnCfq[7:0

1 LS[2:0] 0

0x29

FilterCfg[15:8

MIX[3:1]

FilterCfg[7:0

MIX[O] VOLT[2:0]

NCURR[3:0]

0x3A

VEmpty[15:8

VE[8:1]

VEmpty[7:0

VE[0] VRI[6:0]

0xB1

Power[15:8]

Power({7:0]

0xB3

AvgPower[15:8

AvgPower[15:8]

AvgPower[7:0

AvgPower([7:0]

0xB4

IAItTh[15:8

IMAX[7:0]

IAItTh[7:0

IMIN[7:0]

0xBB

Config2[15:8

AtRateEN DPEN

POWR([3:0]

Config2[7:0

dSOCen TAIrtEn LDMdI -

DRCfg[1:0]

CPMode
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ADDRESS NAME MSB LSB
OVERLAP
ModelGauge m5 Output Registers
RepCap[15:8 RepCap[15:8]
0x05
RepCapl[7:0 RepCap[7:0]
RepSOC[15:8 RepSOC[15:8]
0x06
RepSOC[7:0 RepSOC[7:0]
AvSOC[15:8 AvSOC[15:8]
0x0E
AvSOCI7:0 AvSOC[7:0]
FullCapRep[15:8 FullCapRep[15:8]
0x10
EullCapRepl[7:0 FullCapRep([7:0]
TTE[15:8 TTE[15:8]
0x11
TTE[7:0 TTE[7:0]
RCell[15:8 RCell[15:8]
0x14
RCell[7:0 RCell[7:0]
Cycles[15:8 Cycles[15:8]
0x17
Cycles[7:0 Cycles[7:0]
AvCap[15:8 AvCap[15:8]
Ox1F
AvCap[7:0 AvCap[7:0]
TTF[15:8 TTF[15:8]
0x20
TTF[7:0 TTF[7:0]
OVERLAP
Measurement Registers
Temp[15:8 TEMP[15:8]
0x08
Temp[7:0 TEMP[7:0]
Vcell[15:8 VCELL[15:8]
0x09
Veell[7:0 VCELL[7:0]
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ADDRESS NAME MSB

LSB

Current[15:8

Current[15:8]

0x0A
Current[7:0

Current[7:0]

AvgCurrent[15:8

AvgCurrent[15:8]

0x0B
AvgCurrent[7:0

AvgCurrent[7:0]

AvgTA[15:8

AvgTA[15:8]

0x16
AvgTA[7:0

AvgTA[7:0]

AvgVCell[15:8

AvgVCELL[15:8]

0x19
AvgVCell[7:0

AvgVCELL[7:0]

MaxMinTemp[15:8

MaxTemperature[7:0]

Ox1A
MaxMinTemp[7:0

MinTemperature[7:0]

MaxMinVolt[15:8

MaxVoltage[7:0]

0x1B
MaxMinVolt[7:0

MinVoltage[7:0]

MaxMinCurr[15:8

MaxCurrent[7:0]

0x1C
MaxMinCurr[7:0

MinCurrent[7:0]

AINO[15:8

AINO[15:8]

0x27
AINO[7:0

AINO[7:0]

Timer[15:8

TIMER[15:8]

0x3E
Timer[7:0

TIMER([7:0]

TimerH[15:8

TIMERH([15:8]

0xBE

TimerH[7:0

TIMERH][7:0]

Register Details

Status (0x0)

Interrupt status register for the FG block.

BIT 15 14

13 12 11 10

Field Br Smx

Tmx Vmx Bi Smn

Tmn

Vmn
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Reset 0b1 0b0 0b0 0b0 0b0 0b0 0b0 0b0

Access Type Read Only Read Only Read Only Read Only Read Only Read Only Read Only Read Only

BIT 7 6 5 4 3 2 1 0
Field dSOCi Imx X X Bst Imn POR X
Reset Ob1 0b0 0b0 0b0 0b0 0b0 Ob1 0b0

Access Type Read Only Read Only Read Only Read Only Read Only Read Only Read Only Read Only

BITFIELD BITS DESCRIPTION DECODE

This bit is set to 1 when the device detects that a battery
has been removed from the system. This bit must be
cleared by system software to detect the next removal
event. Bris set to 1 at power-up.

Br 15 Battery Removal

This bit is set to 1 whenever SOC rises above the
maximum SAlrtTh value. This bit may or may not need to
Smx 14 Maximum SOCALRT Threshold Exceeded be cleared by system software to detect the next event.
See the Config.SS description. The bit is cleared to 0 at
power-up.

This bit is set to 1 whenever the reading at the
Temperature register rises above the maximum TAIrtTh
Tmx 13 Maximum TALRT Threshold Exceeded value. This bit may or may not need to be cleared by
system software to detect the next event. See the
Config.TS description. The bit is cleared to 0 at power-up.

This bit is set to 1 whenever a VCell register reading is
above the maximum VAIrtTh value. This bit may or may
Vmx 12 Maximum VALRT Threshold Exceeded not need to be cleared by system software to detect the
next event. See the Config.VS description. This bit is set
to 0 at power-up.

This bit is set to 1 when the device detects that a battery
has been inserted into the system by monitoring the AIN
pin. This bit must be cleared by system software to detect
the next insertion event. Bi is set to 0 at power-up.

Bi 11 Battery Insertion

This bit is set to 1 whenever SOC rises above the
minimum SAIrtTh value. This bit may or may not need to
Smn 10 Minimum SOCALRT Threshold Exceeded be cleared by system software to detect the next event.
See the Config.SS description. The bit is cleared to 0 at
power-up.

This bit is set to 1 whenever the reading at the
Tmn 9 Minimum TALRT Threshold Exceeded Temperature register rises above the minimum TAIrtTh
value. This bit may or may not need to be cleared by
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BITFIELD

BITS

DESCRIPTION

DECODE

system software to detect the next event. See the
Config.TS description. The bit is cleared to 0 at power-up.

Vmn

Minimum VALRT Threshold Exceeded

This bit is set to 1 whenever a VCell register reading is
above the minimum VAIrtTh value. This bit may or may
not need to be cleared by system software to detect the
next event. See the Config.VS description. This bit is set
to 0 at power-up.

dSOCi

1% SOC Change Alert

This bit is set to 1 whenever the RepSOC register crosses
an interger percentage boundary such as 50.0%, 51.0%,
etc. Must be cleared by host software. dSOCi is set to 1 at
power-up.

Imx

Maximum Current-Alert Threhold Exceeded

This bit is set to 1 whenever a Current register reading is
above the IAIrtTh.IMAX threhold. This bit may or may not
need to be cleared by system software to detect the next
event. See the Config.IS description. The bit is cleared to
0 at power-up.

Don't Care

This bit is undefined and can be logic 0 or 1

Don't Care

This bit is undefined and can be logic 0 or 1

Bst

Battery Status

Useful when the IC is used in a host-side application. This
bit is set to 0 when a battery is present in the system, and
set to 1 when the battery is absent. Bst is set to 0 at
power-up.

Imn

Minimum Current-Alert Threshold Exceeded

This bit is set to 1 whenever a Current register reading is
below the IAItTH.IMIN threshold. This bit may or may not
need to be cleared by system software to detect the next
event. See the Config.IS description. The bit is cleared to
0 at power-up.

POR

Power-On Reset

This bit is set to 1 when the device detects that a software
or hardware POR event has occurred. This bit must be
cleared by system software to detect the next POR event.
POR is set to 1 at power-up.

Don't Care

This bit is undefined and can be logic 0 or 1.

VAIrtTh (0x1)

The VAIrtTh register sets upper and lower limits that generate an alert if exceeded by the VCell register value.

BIT

15

14

13

12

11 10 9 8

Field

VMAX[7:0]

Reset

OxFF
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Access Type Write, Read
BIT 7 6 5 4 3 2 1 0
Field VMIN[7:0]
Reset 0x00
Access Type Write, Read
BITFIELD BITS DESCRIPTION DECODE
Register type: special
VMAX 15:8 Maximum Voltage Reading. An alert is generated if | Set Max = OxFF to disable. Selectable with 20mV
‘ the VCell register reading exceeds this value. resolution over the full operating range of the VCell
register.
Register type: special
VMIN 7:0 Minimum Voltage Reading. An alert is generated if | Set Min = 0x00 to disable. Selectable with 20mV
' the VCell register reading falls below this value. resolution over the full operating range of the VCell
register.
TAIrtTh (0x2)
The TAIrtTh register sets upper and lower limits that generate an alert if exceeded by the Temp register value.
BIT 15 14 13 12 11 10 9 8
Field TMAX[7:0]
Reset Ox7F
Access Type Write, Read
BIT 7 6 5 4 3 2 1 0
Field TMINI[7:0]
Reset 0x80
Access Type Write, Read
BITFIELD BITS DESCRIPTION DECODE
TMAX 15:8 Sets an alert threshold for maximum temperature. Register type: special
Set Max = 0x7F to disable. Stored in two's complement
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BITFIELD BITS DESCRIPTION DECODE

format with 1°C resolution over the full operating range of
the Temp register.

Register type: special
Set Min = 0x80 to disable. Stored in two's complement

TMIN 70 Sets an alert threshold for minimum temperature. format with 1°C resolution over the full operating range of
the Temp register.
SAIrtTh (0x3)
The SAIrtTh register sets upper and lower limits that generate an alert if exceeded by RepSOC.
BIT 15 14 13 12 1 10 9 8
Field SMAX[7:0]
Reset OxFF
Access Type Write, Read
BIT 7 6 5 4 3 2 1 0
Field SMIN[7:0]
Reset 0x00
Access Type Write, Read
BITFIELD BITS DESCRIPTION DECODE

Register type: special

This may be used for charge termination, or for power-
SMAX 15:8 Sets an alert for maximum SOC. management near full. Set to OxFF to disable. The
threshold is configurable with 1% resolution over the full
operating range of the RepSOC register.

Register type: special

This may be used for discharge termination, or for power-
SMIN 7:0 Sets an alert for minimum SOC. management near empty. Set to 0x00 to disable. The
threshold is configurable with 1% resolution over the full
operating range of the RepSOC register.

FullSOCThr (0x13)

The FullSOCThr register gates detection of end-of-charge. VFSOC must be larger than the FullSOCThr value before
IChgTerm is compared to the AvgCurrent register value. The recommended FullSOCThr register setting for most

www.analog.com Analog Devices | 119



Ultra-Low Power PMIC Featuring Single-Inductor,
3-Output Buck-Boost, 2-LDOs, Power-Path
Charger, and Fuel Gauge for Small Li+

MAX77658

custom characterized applications is 95% (default, 0x5F05). For EZ Performance applications, the recommendation is

80% (0x5005). See the /ChgTerm register description and refer to the for details.
BIT 15 14 13 12 1 10 9 8
Field FullSOCThr{15:8]
Reset 0x5000
Access Type Write, Read
BIT 7 6 5 4 3 2 1 0
Field FullSOCThr[7:0]
Reset 0x5000
Access Type Write, Read
BITFIELD BITS DESCRIPTION DECODE
FullSOCThr 15:0 Default value: 95%. Register type: percentage

DesignCap (0x18)

The DesignCap register holds the nominal capacity of the cell. This value is used to determine the age of the cell by

comparing against the measured present cell capacity.

BIT 15 14 13 12 1" 10 9 8
Field DesignCap[15:8]
Reset 0x0BB8
Access Type Write, Read

BIT 7 6 5 4 3 2 1 0
Field DesignCap[7:0]
Reset 0x0BB8
Access Type Write, Read

BITFIELD BITS DESCRIPTION DECODE

DesignCap 15:0 Expected cell capacity. Register type: capacity
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Confiq (0x1D
The Config registers (Config and Config2) hold all shutdown enable, alert enable, and temperature enable control bits of

the fuel gauge. Writing a bit location enables the corresponding function within one task period. Please note that the
shutdown mode of the other components of the IC is controlled by the on/off controller.

BIT 15 14 13 12 11 10 9 8
Field TSel SS TS VS IS THSH Ten Tex
Reset 0b0 0b0 0b1 0b0 0b0 0b0 Ob1 0b0
Access Type Write, Read Write, Read Write, Read Write, Read Write, Read Write, Read Write, Read Write, Read
BIT 7 6 5 4 3 2 1 0
Field SHDN COMMSH X ETHRM FTHRM Aen Bei Ber
Reset 0b0 0b0 0b0 Ob1 0b0 0b0 0b0 0b0
Access Type Write, Read Write, Read Write, Read Write, Read Write, Read Write, Read Write, Read Write, Read
BITFIELD BITS DESCRIPTION DECODE

Temperature Sensor Select. Set to 0 to use internal die
TSel 15 Temperature Sensor Select temperature. Set to 1 to use temperature information from

thermistor. ETHRM bit must be set to 1 when TSel is 1.

SOC ALRT Sticky. When SS = 1, SOC alerts can only be

cleared through software. When SS = 0, SOC alerts are
ss 14 SOC ALRT Sticky an _

cleared automatically when the threshold is no longer

exceeded.

When TS = 1, temperature alerts can only be cleared

. through software. When TS = 0, temperature alerts are

TS 13 Temperature ALRT Sticky ] )

cleared automatically when the threshold is no longer

exceeded.

When VS = 1, voltage alerts can only be cleared through

. software. When VS = 0, voltage alerts are cleared

VS 12 Voltage ALRT Sticky ) )

automatically when the threshold is no longer exceeded.

VS is set to 0 at power-up.

When IS = 1, current alerts can only be cleared through
IS 1 Current ALRT Sticky software. When IS = 0, current alerts are cleared

automatically when the threshold is no longer exceeded.

Set to 1 to enable fuel gauge shutdown when the battery

is removed. The fuel gauge of the IC enters shutdown if
THSH 10 TH Pin Shutdown the AIN pin remains high (AIN reading > VTHRM -

VDETR) for longer than the timeout of the SHDNTIMER

register. This also configures the fuel gauge to wake up
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BITFIELD

BITS

DESCRIPTION

DECODE

when AIN is pulled low on cell insertion. AINSH is set to 0
at power-up. Note that if 2CSH and AINSH are both set
to 0, the fuel gauge wakes up an edge of any of the SDA,
SCL, or INTB pins.

Ten

Enable Temperature Channel

Set to 1 and set ETHRM or FTHRM to 1 to enable
temperature measurements.

Tex

Temperature External

When set to 1, the fuel gauge requires external
temperature measurements to be written from the host.
When set to 0, the IC's own measurements are used
instead.

SHDN

Shutdown

Write this bit to logic 1 to force a shutdown of the fuel
gauge after timeout of the SHDNTIMER register (default
45s delay). SHDN is reset to 0 at power-up and upon
exiting shutdown mode. In order to command fuel gauge
shutdown within 45 seconds, first write HIbCFG = 0x0000
to enter active mode.

COMMSH

Communication Shutdown

Set to logic 1 to force the fuel gauge to enter shutdown
mode if both SDA and SCL are held low for more than
timeout of the ShdnTimer register. This also configures
the fuel gauge to wake up on a rising edge of any
communication. Note that if COMMSH and THSH are
both set to 0, the device wakes up on any edge of SDA.
Refer to the User Guide for details.

Bit must be written 0.

Do not write 1.

ETHRM

Enable Thermistor

Enable Thermistor. Set to logic 1 to enable the TH pin
measurement.

FTHRM

Force Thermistor Bias Switch

Force Thermistor Bias Switch. This allows the host to
control the bias of the thermistor switch or enable fast
detection of battery removal. Set FTHRM = 1 to always
enable the thermistor bias switch. With a standard 10kQ
thermistor, this adds an additional ~200pA to the current
drain of the circuit.

Aen

Enable alert on fuel-gauge outputs.

Enable Alert on Fuel-Gauge Outputs. When Aen = 1, any
violation of the alert threshold register values by
temperature, voltage, current, or SOC triggers an alert.
This bit affects the ALRT pin operation only. The Smx,
Smn, Tmx, Tmn, Vmx, Vmn, Imx, and Imn bits of the
Status register (0x000) are not disabled.

Bei

Enable alert on battery insertion.

When Bei = 1, a battery-insertion condition, as detected
by the TH pin voltage, triggers an alert.

Ber

Enable alert on battery removal.

When Ber = 1, a battery-removal condition, as detected
by the TH pin voltage, triggers an alert.
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IChqTerm (0x1E)

The IChgTerm register allows the fuel gauge to detect when charge termination has occurred.

current used in the application.

BIT 15 14 13 12 1 10 9 8
Field ICHGTerm[15:8]
Reset 0x0640
Access Type Write, Read
BIT 7 6 5 4 3 2 1 0
Field ICHGTerm[7:0]
Reset 0x0640
Access Type Write, Read
BITFIELD BITS DESCRIPTION DECODE
ICHGTerm 15:0 Program IChgTerm to the exact charge termination Register type: current

DevName (0x21)

The DevName register holds revision information. This allows host software to easily identify the type of IC being

communicated to.

BIT 15 14 13 12 1 10 9 8
Field DevName[15:8]
Reset 0x4010
Access Type Write, Read

BIT 7 6 5 4 3 2 1 0
Field DevNamel[7:0]
Reset 0x4010
Access Type Write, Read

www.analog.com

Analog Devices | 123



Ultra-Low Power PMIC Featuring Single-Inductor, MAX77658
3-Output Buck-Boost, 2-LDOs, Power-Path
Charger, and Fuel Gauge for Small Li+

BITFIELD BITS DESCRIPTION

DevName 15:0

LearnCfg (0x28)

The LearnCFG register controls all functions relating to adaptation during operation. The LearnCFG register default
values should not be changed unless specifically required by the application.

BIT 15 14 13 12 1" 10 9 8

Field 0 1 0 0 0 1 0 -

Reset -

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

BIT 7 6 5 4 3 2 1 0
Field 1 LS[2:0] 0 1 1 0
Reset 0b000
Access Type Write, Read Write, Read Write, Read Write, Read Write, Read Write, Read
BITFIELD BITS DESCRIPTION DECODE
0 15 Bit must be written 0. Do not write 1.
1 14 Bit must be written 1. Do not write 0.
0 13 Bit must be written 0. Do not write 1.
0 12 Bit must be written 0. Do not write 1
0 1 Bit must be written 0. Do not write 1.
1 10 Bit must be written 1. Do not write 0.
0 9 Bit must be written 0. Do not write 1.
1 7 Bit must be written 1. Do not write 0.
Learn Stage defaults 0x0, making the voltage fuel gauge
dominate. Learn Stage then advances to 0x7 over the
Learn Stage. The Learn Stage value controls the
. . course of two full cell cycles to make the coulomb counter
LS 6:4 influence of the voltage fuel gauge on the mixing ) )
algorithm dominate. Host software can write the Learn Stage value
9 ' to 0x7 to advance to the final stage at any time. Values
between 0x1 and 0x6 are ignored.
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BITFIELD BITS DESCRIPTION DECODE
0 3 Bit must be written 0. Do not write 1.
1 2 Bit must be written 1. Do not write 0.
1 1 Bit must be written 1. Do not write 0.
0 0 Bit must be written 0. Do not write 1.

FilterCfg (0x29)

The FilterCfg register sets the average time period for all A/D readings, for mixing OCV results and coulomb-count
results. It is recommended that these values are not changed unless absolutely required by the application.

BIT 15 14 13 12 11 10 9 8
Field - - - - - MIX[3:1]
Reset - - - - - 0xD
Access Type - - - - - Write, Read
BIT 7 6 5 4 3 2 1 0
Field MIX[O] VOLT[2:0] NCURR[3:0]
Reset 0xD 0b010 0x4
Access Type Write, Read Write, Read Write, Read
BITFIELD BITS DESCRIPTION DECODE
Sets the time constant for the mixing algorithm. The . . L
. . The equation setting the period is:
MIX 10:7 default POR value of 0xD gives a time constant of . )
Mixing Period = 45s x 2MX3)
12.8 hours.
Sets the time constant for the AvgVCell register. . . L
. . The equation setting the period is:
VOLT 6:4 The default POR value of 0x4 gives a time constant )
AvgVCell time constant = 45s x 2(VOLT-2)
of 45s.
Sets the time constant for the AverageCurrent The equation setting the period is: AverageCurrent time
NCURR 3:0 register. The default POR value of 4h gives constant = 175.8ms x
a time constant of 11.25 seconds. 2M2+NCURR)
VEmpty (0x3A

The VEmpty register sets the thresholds related to empty detection during operation.
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BIT 15 14 13 12 11 10 9 8
Field VE[8:1]
Reset 0b101001010
Access Type Write, Read
BIT 7 6 5 4 3 2 1 0
Field VE[0] VRI[6:0]
Reset 0b101001010 0b1100001
Access Type Write, Read Write, Read
BITFIELD BITS DESCRIPTION DECODE
Empty voltage target during load. The fuel gauge
VE 15:7 provides capacity and percentage relative to the A 10mV resolution gives a 0V to 5.11V range. This value
' empty voltage target, eventually declaring 0% at defaults to 3.3V after reset.
VE.
Recovery Voltage. Sets the voltage level for . . .
. . A 40mV resolution gives a 0V to 5.08V range. This value
clearing empty detection. Once the cell voltage L
VR 6:0 . . . T defaults to 3.88V, which is recommended for most
rises above this point, empty voltage detection is o
applications.
reenabled.
AvgPower (0xB3)
BIT 15 14 13 12 1 10 9 8
Field AvgPower[15:8]
Reset 0x0000
Access Type Write, Read
BIT 7 6 5 4 3 2 1 0
Field AvgPower[7:0]
Reset 0x0000
Access Type Write, Read
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BITFIELD BITS DESCRIPTION DECODE
AvgPower 15:0 Filtered average power from the Power register LSB is 0.171mW.
lAIrtTh (0xB4)

The IAIrtTh register sets upper and lower limits that generate an alert if exceeded by the Current register value. Interrupt
threshold limits are selectable with 8.567mA resolution over the full operating range of the Current register.

below this value.

BIT 15 14 13 12 1" 10 9 8
Field IMAX[7:0]
Reset Ox7F
Access Type Write, Read
BIT 7 6 5 4 3 2 1 0
Field IMIN[7:0]
Reset 0x80
Access Type Write, Read
BITFIELD BITS DESCRIPTION DECODE
Register type: special
IMAX 15:8 The upper 8 bits set the maximum value. An alert is generated if the current register reading
exceeds this value.
IMIN 7:0 The lower 8 bits set the minimum value. An alert is generated if the current register reading falls

Config2 (0xBB)

The Config registers (Config and Config2) hold all shutdown enable, alert enable, and temperature enable control bits of
the fuel gauge. Writing a bit location enables the corresponding function within one task period. Please note that the
shutdown mode of the other components of the IC is controlled by the on/off controller.

BIT 15 14 13 12 1 10 9 8
Field 0 - AtRateEN DPEN POWR[3:0]
Reset 0b0 - 0b1 0b1 Ox4
Access Type Write, Read - Write, Read Write, Read Write, Read

www.analog.com

Analog Devices | 127



Ultra-Low Power PMIC Featuring Single-Inductor,
3-Output Buck-Boost, 2-LDOs, Power-Path
Charger, and Fuel Gauge for Small Li+

MAX77658

BIT 7 6 5 4 3 2 1 0
Field dSOCen TAItEn LDMdI - DRCfg[1:0] CPMode -
Reset 0b0 Ob1 0b0 - 0b10 0b0 -
Access Type Write, Read Write, Read Write, Read - Write, Read Write, Read -
BITFIELD BITS DESCRIPTION DECODE
0 15 Bit must be written 0. Do not write 1.
When this bit is set to 0, AtRate calculations are disabled
AtRateEN 13 AtRate Enable and registers AtQResidual/AtTTE/AtAvSOC/AtAvCap can
be used as general purpose memory.
When this bit is set to 0, Dynamic Power calculations are
. disabled and registers
DPEN 12 Dynamic Power Enable
MaxPeakPower/SusPeakPower/MPPCurrent/SPPCurrent
can be used as general purpose memory.
The default POR value of 0100b gives a time constant of
POWR 11:8 Sets the time constant for the AvgPower register. 11.25s. The equation setting the period is:
AvgPower time constant = 45s x 2(POWR-6)
Set this bit to 1 to enable alert output with the
Status.dSOCi bit function. Write this bit to 0 to disable
dSOCen 7 SOC Change Alert Enable . L .
alert output with the Status.dSOCi bit. This bit is set to 0
at power-up.
Set this bit to 1 to enable temperature based alerts. Write
TAIrtEn 6 Temperature Alert Enable this bit to 0 to disable temperature alerts. This bit is set to
1 at power-up.
Host sets this bit to 1 in order to initiate firmware to finish
LDMdI 5 Load New Model processing a newly loaded model. Firmware clears this bit
to zero to indicate that model loading is finished.
. . . 00 for 0.8 to 1.6 hours, 01 for 1.6 to 3.2 hours, 10 for 3.2
DRCfg 3:2 Deep Relax Time Configuration
to 6.4 hours, and 11 for 6.4 to 12.8 hours.
Set to 1 to enable constant-power mode. If it is set to O,
AtRate/AvgCurrent is used for
CPMode 1 Constant-Power Mode (At)TTE/(At)QResidual/(At)AvSOC/(At)AvCap. If it is set to
1, AtRate/AvgCurrent x AvgVCell / (AvgVCell + VEmpty) /
2 is used for those calculations.
RepCap (0x5

RepCap is the reported remaining capacity in mAh.

BIT

15

14 13 12

11 10 9 8

www.analog.com

Analog Devices | 128



Ultra-Low Power PMIC Featuring Single-Inductor,

3-Output Buck-Boost, 2-LDOs, Power-Path

Charger, and Fuel Gauge for Small Li+

MAX77658

Field RepCap[15:8]
Reset 0x05DC
Access Type Write, Read
BIT 7 6 5 4 3 2 1 0
Field RepCap[7:0]
Reset 0x05DC
Access Type Write, Read
BITFIELD BITS DESCRIPTION DECODE
RepCap or reported capacity is a filtered version of
the AvCap register that prevents large jumps in the | Register type: capacity
RepCap 15:0 reported value caused by changes in the application
such as abrupt changes in tempreature or load
current.
RepSOC (0x6)
RepSOC is the reported state-of-charge percentage output for use by the application GUI
BIT 15 14 13 12 1 10 9 8
Field RepSOC[15:8]
Reset 0x3200
Access Type Write, Read
BIT 7 6 5 4 3 2 1 0
Field RepSOC[7:0]
Reset 0x3200
Access Type Write, Read
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BITFIELD BITS DESCRIPTION DECODE
RepSOC is the complete calculation for state-of-
RepSOC 15:0 charge. This includes all processing, including: Register type: percentage
ModelGauge Mixing, Empty Compensation
AvSOC (0xE)

The AvSOC registers hold the calculated available percentage of the battery based on all inputs from the ModelGauge
mb5 algorithm, including empty compensation. This register provides unfiltered results. Jumps in the reported values can
be caused by abrupt changes in load current or temperature. Refer to the ModelGauge m5 EZ User Guide for details.

BIT 15 14 13 12 1 10 9 8
Field AvSOC[15:8]
Reset 0x3200
Access Type Write, Read
BIT 7 6 5 4 3 2 1 0
Field AvSOC[7:0]
Reset 0x3200
Access Type Write, Read
BITFIELD BITS DESCRIPTION DECODE
This register provides unfiltered results. Jumps in
the reported values can be caused by abrupt
changes in load current or temperature. Refer to the )
AvSOC 15:0 . ) Register type: percentage
ModelGauge m5 EZ User Guide for more details.
This includes all processing, including: ModelGauge
mixing and empty compensation.
FullCapRep (0x10)
This register reports the full capacity that goes with RepCap, generally used for reporting to the GUI.
BIT 15 14 13 12 11 10 9 8
Field FullCapRep[15:8]
Reset 0x0BB8
Access Type Write, Read
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BIT 7 6 5 4 3 2 1 0
Field FullCapRep[7:0]
Reset 0x0BB8
Access Type Write, Read
BITFIELD BITS DESCRIPTION DECODE
Most applications should only monitor FullCapRep,
instead of FullCap or FullCapNom. A new full- . .
FullCapRep 15:0 ) . Register type: capacity
capacity value is calculated at the end of every
charge cycle in the application.
TTE (0x11)
The TTE register holds the estimated time-to-empty for the application under present temperature and load conditions.
BIT 15 14 13 12 11 10 9 8
Field TTE[15:8]
Reset 0x0000
Access Type Write, Read
BIT 7 6 5 4 3 2 1 0
Field TTE[7:0]
Reset 0x0000
Access Type Write, Read
BITFIELD BITS DESCRIPTION DECODE
The TTE value is determined by relating AvCap with
AvgCurrent. . .
TTE 15:0 . L . Register type: time
The corresponding AvgCurrent filtering gives a
delay in TTE but provides more stable results.
RCell (0x14)
BIT 15 14 13 12 11 10 9 8
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Field RCell[15:8]
Reset 0x0290
Access Type Write, Read
BIT 7 6 5 4 3 2 1 0
Field RCell[7:0]
Reset 0x0290
Access Type Write, Read
BITFIELD BITS DESCRIPTION DECODE
This register provides the calculated internal
resistance of the cell. RCell is determined by
RCell 15:0 comparing open-circuit voltage (VFOCV) against Register type: resistance
measured voltage (VCell) over a long time period
while under load or charge current.
Cycles (0x17)
BIT 15 14 13 12 11 10 9 8
Field Cycles[15:8]
Reset 0x0000
Access Type Write, Read
BIT 7 6 5 4 3 2 1 0
Field Cycles[7:0]
Reset 0x0000
Access Type Write, Read
BITFIELD BITS DESCRIPTION DECODE
Register type: special
) The LSB indicates 1% of a battery cycle (1% charge + 1%
Cycles 15:0 Odometer style accumulation of battery cycles. . o
discharge). One cycle (Cycles = 100%) indicates 100%
charge and discharge.
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The AvCAP registers hold the calculated available capacity of the battery based on all inputs from the ModelGauge m5
algorithm, including empty compensation. This register provides unfiltered results. Jumps in the reported values can be
caused by abrupt changes in load current or temperature. Refer to the ModelGauge m5 EZ User Guide for details.

BIT 15 14 13 12 1 10 9 8
Field AvCapl[15:8]
Reset 0x05DC
Access Type Write, Read
BIT 7 6 5 4 3 2 1 0
Field AvCap[7:0]
Reset 0x05DC
Access Type Write, Read
BITFIELD BITS DESCRIPTION DECODE
This is the remaining capacity with coulomb-counter
AvCap 15:0 + VoItgge-Fu.eI-Gaugej mixing, after accs)unting for Register type: capacity
capacity that is unavailable due to the discharge
rate.
TTF (0x20)
The TTF register holds the estimated time-to-full for the application under present conditions.
BIT 15 14 13 12 1 10 9 8
Field TTF[15:8]
Reset 0x0000
Access Type Write, Read
BIT 7 6 5 4 3 2 1 0
Field TTF[7:0]
Reset 0x0000
Access Type Write, Read
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BITFIELD BITS DESCRIPTION DECODE
The TTF value is determined by learning the
constant current and constant voltage portions of
the charge cycle based on experience of prior
charge cycles. Time-to-full is then estimated by
TTF 15:0 comparing the present charge current to the charge | Register type: time
termination current. Operation of the TTF register
assumes all charge profiles are consistent in the
application. The TTF register is only valid when the
current register is positive.
Temp (0x8)
The Temp register provides the temperature measured by the thermistor or die temperature.
BIT 15 14 13 12 11 10 9 8
Field TEMP[15:8]
Reset 0x1600
Access Type Write, Read
BIT 7 6 5 4 3 2 1 0
Field TEMP[7:0]
Reset 0x1600
Access Type Write, Read
BITFIELD BITS DESCRIPTION DECODE
Register type: temperature
When using AIN for temperature (Tex = 0), configure
TGain and TOff to adjust the AIN measurement to provide
. . units degrees in the high-byte of Temp. When TGain and
This is the most recent trimmed temperature . .
) TOff are configured properly for the selected thermistor,
TEMP 15:0 measurement. Temperature is measured every 1.4 . . .
seconds the LSB is 0.0039°C and the upper Byte has units 1°C.
' Temp is a signed register. To configure the BT07 to
receive temperature information from the 1°C, set Tex = 1
and periodically write the Temp register with the
appropriate temperature.
Vcell (0x9)

VCell reports the voltage measured between BATT and CSP.
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BIT 15 14 13 12 1 10 9 8
Field VCELL[15:8]
Reset 0xB400
Access Type Write, Read
BIT 7 6 5 4 3 2 1 0
Field VCELL[7:0]
Reset 0xB400
Access Type Write, Read
BITFIELD BITS DESCRIPTION DECODE
This is the most recent trimmed cell voltage result. It
represents an FIR average of raw results. The .
VCELL 15:0 . . Register type: voltage
VOLT_Raw is sampled every 175.8ms and gain
and offset trim are applied to calculate VCELL.

Current (0xA)

The MAX77658 uses internal current sensing to monitor the current through the SYS FG pin. The measurement value is
stored in two's-complement format. Measurement that exceeds maximum and minimum current range is stored as
maximum and minimum value. The Current register has a LSB value of 33.487pA, a register scale of 1.097A, and an

allowable measurement range as described in the Absolute Maximum Ratings.

BIT 15 14 13 12 1 10 9 8
Field Current[15:8]
Reset 0x0000
Access Type Write, Read

BIT 7 6 5 4 3 2 1 0
Field Current[7:0]
Reset 0x0000
Access Type Write, Read
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BITFIELD BITS DESCRIPTION DECODE

Current 15:0 Register type: current

AvqgCurrent (0xB)
The AvgCurrent register reports an average of Current register readings.

BIT 15 14 13 12 1" 10 9 8
Field AvgCurrent[15:8]
Reset 0x0000
Access Type Write, Read
BIT 7 6 5 4 3 2 1 0
Field AvgCurrent[7:0]
Reset 0x0000
Access Type Write, Read
BITFIELD BITS DESCRIPTION DECODE
This is the 0.7s to 6.4hr (configurable) IIR average
of the current. This register represents the upper 16
AvgCurrent 15:0 bits of the 32-bit shift register that filters current. Register type: current
The average should be set equal to Current upon
startup.
AvgTA (0x16)
The AvgTA register reports an average of the readings from the Temp register.
BIT 15 14 13 12 1 10 9 8
Field AvgTA[15:8]
Reset 0x1600
Access Type Write, Read
BIT 7 6 5 4 3 2 1 0
Field AvgTA[7:0]
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Temp upon startup.

Reset 0x1600
Access Type Write, Read
BITFIELD BITS DESCRIPTION DECODE
This is the 6min to 12hr (configurable) IIR average
AvgTA 15:0 of the Temperature. The average is set equal to Register type: temperature

AvqgVCell (0x19)

The AvgVCell register reports an average of the VCell register readings.

BIT 15 14 13 12 1" 10 9 8
Field AvgVCELL[15:8]
Reset 0xB400
Access Type Write, Read
BIT 7 6 5 4 3 2 1 0
Field AvgVCELL[7:0]
Reset 0xB400
Access Type Write, Read
BITFIELD BITS DESCRIPTION DECODE
This reports the 12s to 24min (configurable) IIR
AvgVCELL 15:0 average of VCELL. The average is set equal to Register type: voltage
VCELL at startup.

MaxMinTemp (0x1A)

The MaxMinTemp register maintains the maximum and minimum Temp register values since the last fuel gauge reset
or until cleared by host software. At power-up, the maximum value is set to 0x80 (most negative) and the minimum
value is set to Ox7F (most positive). Therefore, both values are changed to the Temp register reading after the first
update. Host software can rest this register by writing it to its power-up value of 0x807F. The maximum and minimum

temperatures are each stored as two's complement 8-bit values with 1°C resolution.

BIT

15

14

13

12 11

10

Field

MaxTemperature[7:0]

www.analog.com

Analog Devices | 137



Ultra-Low Power PMIC Featuring Single-Inductor, MAX77658
3-Output Buck-Boost, 2-LDOs, Power-Path
Charger, and Fuel Gauge for Small Li+

Reset 0x80
Access Type Write, Read
BIT 7 6 5 4 3 2 1 0
Field MinTemperature[7:0]
Reset Ox7F
Access Type Write, Read
BITFIELD BITS DESCRIPTION DECODE
. Register type: special
MaxTemperature 15:8 Records the maximum Temperature. . . .
Two's complement 8-bit value with 1°C resolution.

. - Register type: special

MinTemperature 7:0 Records the minimum Temperature.

Two's complement 8-bit value with 1°C resolution.

MaxMinVolt (0x1B)

The MAXMINVolt register maintains the maximum and minimum of VCell register values since fuel gauge reset. At
power-up, the maximum vaoltage is set to 00h (the minimum) and the minimum voltage value is set to FFh (the
maximum). Therefore, both values are changed to the voltage register reading after the first update. Host software can
reset this register by writing it to its power-up value of 0OXO0OFF. The maximum and minimum voltages are each stored as
8-bit values with a 20mV resolution.

BIT 15 14 13 12 1" 10 9 8
Field MaxVoltage[7:0]
Reset 0x00
Access Type Write, Read

BIT 7 6 5 4 3 2 1 0
Field MinVoltage[7:0]
Reset OxFF
Access Type Write, Read
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BITFIELD BITS DESCRIPTION DECODE
Register type: special
MaxVoltage 15:8 Records the VCELL maximum voltage. The maximum and minimum voltages are each stored as
8-bit values with a 20mV resolution.
Register type: special
MinVoltage 7:0 Records the VCELL minimum voltage. The maximum and minimum voltages are each stored as

8-bit values with a 20mV resolution.

MaxMinCurr (0x1C)

The MaxMinCurr register maintains the maximum and minimum Current register values since the last fuel gauge reset
or until cleared by host software. At power-up, the maximum current value is set to 80h (most negative) and the
minimum current value is set to 7Fh (most positive). Therefore, both values are changed to the Current register reading
after the first update. Host software can reset this register by writing it to its power-up value of 0x807F. The maximum
and minimum currents are each stored as two's complement 8-bit values with 8.567mA resolution.

BIT 15 14 13 12 11 10 9 8
Field MaxCurrent[7:0]
Reset 0x80
Access Type Write, Read
BIT 7 6 5 4 3 2 1 0
Field MinCurrent[7:0]
Reset Ox7F
Access Type Write, Read
BITFIELD BITS DESCRIPTION DECODE
) . Register type: special
MaxCurrent 15:8 Records the maximum current reading. . . .
Two's complement 8-bit values with 8.57mA resolution.
. L . Register type: special
MinCurrent 7:0 Records the minimum current reading. . . .
Two's complement 8-bit values with 8.57mA resolution.
AINO (0x27)
The external temperature measurement on the TH pin is compared to the BATT pin voltage.
BIT 15 14 13 12 1 10 9 8
Field AINO[15:8]

www.analog.com

Analog Devices | 139



Ultra-Low Power PMIC Featuring Single-Inductor, MAX77658
3-Output Buck-Boost, 2-LDOs, Power-Path
Charger, and Fuel Gauge for Small Li+

Reset 0x88D0
Access Type Write, Read
BIT 7 6 5 4 3 2 1 0
Field AINO[7:0]
Reset 0x88D0
Access Type Write, Read
BITFIELD BITS DESCRIPTION DECODE
. . Register type: special
The TGain, TOff, and Curve register values are . .
. . . . . The MAX77658 stores the result as a ratio-metric value
AINO 15:0 then applied to this ratio-metric reading to convert ) . .
from 0% to 100% in the AIN register with an LSB of
the result to temperature.
0.0122%.
Timer (0x3E)
TimerH and Timer provide a long-duration time count since last POR.
BIT 15 14 13 12 1 10 9 8
Field TIMER[15:8]
Reset 0x0000
Access Type Write, Read
BIT 7 6 5 4 3 2 1 0
Field TIMER([7:0]
Reset 0x0000
Access Type Write, Read
BITFIELD BITS DESCRIPTION DECODE
Timer increments once every task period. With Register type: special
TIMER 15:0 default TaskPeriod, timer has units 0.1758 The Timer register LSb is 175.8ms, giving a full-scale
seconds.The timer manages the following tasks: 1) range of 0 to 3.2 hours
Thermistor measurements occur once every 8
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BITFIELD BITS DESCRIPTION DECODE
tasks. 2) Debouncing repeats for 8 TIMER ticks. 3)
dV is measured based on dTthr TIMER ticks.
TimerH (0xBE)
TimerH and Timer provide a long-duration time count since last POR.
BIT 15 14 13 12 1 10 9 8
Field TIMERH[15:8]
Reset 0x0000
Access Type Write, Read
BIT 7 6 5 4 3 2 1 0
Field TIMERH[7:0]
Reset 0x0000
Access Type Write, Read
BITFIELD BITS DESCRIPTION DECODE
TIMERH is a 16-bit high-word extension to the . )
TIMER register. This extension allows time counting Register type: spfeual .
TIMERH 15:0 A 3.2 hour LSb gives a full-scale range for the register of

up to 24 years. This register can be enabled in the

save and restore registers.

up to 23.94 years.
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Ultra-Low Power PMIC Featuring Single-Inductor, MAX77658

3-Output Buck-Boost, 2-LDOs, Power-Path

Charger, and Fuel Gauge for Small Li+

Ordering Information

PART TEMP RANGE PIN-PACKAGE OPTIONS

MAX77658ANX+* -40°C to +125°C 36 WLP —
MAX77658AANX+T -40°C to +125°C 36 WLP Table 2
MAX77658BANX+T -40°C to +125°C 36 WLP Table 2
MAX77658LANX+T -40°C to +125°C 36 WLP Table 2
MAX77658SANX+T -40°C to +125°C 36 WLP Table 2
MAX77658WANX+T -40°C to +125°C 36 WLP Table 2

+Denotes a lead(Pb)-free/RoHS-compliant package.

T = Tape and reel.

*Custom samples only. Not for production or stock. Contact factory for more information.
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REVISION | REVISION PAGES
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    I  BATT ( CHG ) =     V AMUX    V FS ×   I  FAST − CHG


    I  BATT ( DISCHG ) =    (   V AMUX −   V NULL )   (   V FS −   V NULL ) ×   I  DISCHG − SCALE


    I  BATT ( DISCHG ) =    (   V AMUX −   V NULL )   (   V FS −   V NULL ) ×   I  DISCHG − SCALE


    I  BATT ( CHG ) =     V AMUX    V FS ×   I  FAST − CHG


    I CSBB =   C SBB  dV   dt SS    ( Equation   1 )


    I IN =    (   I CSBB +   I LOAD )     V SBBx    V IN  𝜉    ( Equation   2 )


    I IN =    ( 50 mA + 10 mA )   3 . 3 V  3 . 5 V  0 . 80


    C SBBx   =         I  P _ SBBx 2 × L  2 ×   V SBBx × ∆   V SBBx        (   Equation   3   )


    C  SBB 0 _ min   =       I  P _ SBB 0 2   x   L  2   x     V  SBB 0   x   ∆   V  SBB 0 =      1 2   x   2 . 2   x    10  − 6  2   x   3 . 3   x   0 . 05       A 2   x   H    V 2 = 6 . 67 Μ f


    C  SBB 1 _ min   =       I  P _ SBB 1 2   x   L  2   x     V  SBB 1   x   ∆   V  SBB 1 =     0 .  5 2   x   2 . 2   x    10  − 6  2   x   1 . 8   x   0 . 03       A 2   x   H    V 2 = 5 . 09 μ F


    C  SBB 2 _ min   =       I  P _ SBB 2 2   x   L  2   x     V  SBB 2   x   ∆   V  SBB 2 =     0 .  5 2   x   2 . 2   x    10  − 6  2   x   1 . 2   x   0 . 03       A 2   x   H    V 2 = 7 . 64 μ F


    I  IN _ LDOx =   C LDOx    dV  OUT _ LDOx   dt SS +   I  OUT _ LDOx

