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EVALUATION KIT AVAILABLE

MAX77650/MAX77651

General Description

The MAX77650/MAX77651 provide highly-integrated bat-
tery charging and power supply solutions for low-power
wearable applications where size and efficiency are
critical. Both devices feature a SIMO buck-boost regulator
that provides three independently programmable power
rails from a single inductor to minimize total solution
size. A 150mA LDO provides ripple rejection for audio
and other noise-sensitive applications. A highly configu-
rable linear charger supports a wide range of Li+ battery
capacities and includes battery temperature monitoring
for additional safety (JEITA).

The devices include other features such as current sinks
for driving LED indicators and an analog multiplexer that
switches several internal voltage and current signals to an
external node for monitoring with an external ADC. A bidi-
rectional 12C interface allows for configuring and check-
ing the status of the devices. An internal on/off controller
provides a controlled startup sequence for the regulators
and provides supervisory functionality when the devices
are on. Numerous factory programmable options allow
the device to be tailored for many applications, enabling
faster time to market.
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Ultra-Low Power PMIC with 3-Output SIMO
and Power Path Charger for Small Li+

Benefits and Features

e Highly Integrated
» Smart Power Selector™ Li+/Li-Poly Charger
« 3 Output, Single-Inductor Multiple-Output (SIMO)
Buck-Boost Regulator
+ 150mA LDO
+ 3-Channel Current Sink Driver
* Analog MUX Output for Power Monitoring

e Low Power
* 0.3pA Shutdown Current
* 5.6pA Operating Current (3 SIMO Channels +
LDO)

e Charger Optimized for Small 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 Monitors Adjust Charge
Current and Battery Regulation Voltage for Safe
Charging
e Flexible and Configurable

+ |12C Compatible Interface and GPIO
« Factory OTP Options Available

e Small Size
e 2.75mm x 2.15mm x 0.7mm WLP Package
* 30-Bump, 0.4mm-Pitch WLP, 6x5 Array
+ Small Total Solution Size (19.2mm?2)

Applications

Bluetooth Headphones/Hearables
Fitness, Health, and Activity Monitors
Portable Devices

Internet of Things (loT)

Ordering Information appears at end of data sheet.

Smart Power Selector is a trademark of Maxim Integrated
Products, Inc.
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Absolute Maximum Ratings

nEN, PWR_HLD, nIRQ, nRST to GND......-0.3V to Vgyg + 0.3V IN_SBB t0 PGND ......cccooiiiiiiiiiiieiic e -0.3V to +6.0V
SCL, SDA, GPIO to GND......ccccveviieriicenee. -0.3V to V|p + 0.3V LXA Continuous Current (Note 3) .......coccvveiiieiiiiinnenne 1.2ARMS
CHGIN 10 GND.....ooeiiiiiiieiecceeeee e -0.3V to +30.0V LXB Continuous Current (Note 4) ........cccceeecveiieiennenne 1.2ARMS
SYS, BATT 10 GND ...t -0.3V to +6.0V SBBO, SBB1, SBB2 to PGND (Note 2)................ -0.3V to +6.0V
SYSto IN_SBB....... ...-0.3V to +0.3V BST to IN_SBB ....-0.3V to +6.0V
VLto GND oo ...-0.3V to +6.0V BST 10 LXB...iiiiiiieeee e -0.3V to +6.0V
AMUX, THM, TBIAS t0 GND......ccceiriiiiiiiiiiee -0.3V to +6.0V SBBO, SBB1, SBB2 Short-Circuit Duration............... Continuous
nIRQ, nRST, SDA, AMUX, GPIO Continous Current....... +20mA PGND t0 GND ....ovveeeeeeeeeeeeeeeee e -0.3V to +0.3V
CHGIN Continuous Current...........cccooieiiiieeniieneeeieenn 1.2ARMS LGND t0 GND ....ooiiiiiiiiieciee e -0.3V to +0.3V
SYS Continuous CUurrent.........cccoceeeeeeiieeeeniiee e 1.2ARMS Operating Temperature Range ..-40°C to +85°C
BATT Continuous Current (Note 1).......ccceecviiiiiinneens 1.2ARMS Junction Temperature ...........cccocveiiiienieeneeee e +150°C
LDO to GND (Note 2).........cccecvevrncnnnns -0.3Vto V|N Lpo *+ 0.3V Storage Temperature Range................cccceeee. -65°C to +150°C
IN_LDO, Vio to GND .....cocoiiiiiiiiiee, -0.3V to the lower of Soldering Temperature (reflow)........cccccocvveeeviiieeeiiieeenne +260°C
(Vsys + 0.3V) and +6.0V Continuous Power Dissipation (Multilayer Board)
LEDO, LED1, LED2 to LGND .......ccceiiiiiiiiiciiene -0.3V to +6.0V (Ta = +70°C, derate 20.4mW/°C above +70°C)........ 1632mwW

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

Note 2: When the active discharge resistor is engaged, limit its power dissipation to an average of 10mW.

Note 3: LXA has internal clamping diodes to PGND and IN_SBB. It is normal for these diodes to briefly conduct during switching
events. Avoid steady-state conduction of these diodes.

Note 4: Do not externally bias LXB. LXB has an internal low-side clamping diode to PGND, and an internal high-side clamping
diode that dynamically shifts to the selected SIMO output. It is normal for these internal clamping diodes to briefly conduct
during switching events. When the SIMO regulator is disabled, the LXB to PGND absolute maximum voltage is -0.3V to
Vgggo *+ 0.3V.

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

PACKAGE CHARACTERISTICS VALUES
Package Code W302H2+1
Outline Number 21-100047
Land Pattern Number Refer to Application Note 1891

Thermal Resistance, Four-Layer Board:

Junction-to-Ambient (6 ) 49°C/W (2s2p board)

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

Package thermal resistances were obtained using the method described in JEDEC specification JESD51-7, using a four-layer board.
For detailed information on package thermal considerations, refer to www.maximintegrated.com/thermal-tutorial.
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MAX77650/MAX77651

Ultra-Low Power PMIC with 3-Output SIMO
and Power Path Charger for Small Li+

Electrical Characteristics—Top Level

(VCHGIN = 0V, Vgys = VeaTT = VIN_sBB = VIN_LDO = 3.7V, V|p = 1.8V, limits are 100% production tested at T = +25°C, limits over
the operating temperature range (Ta = -40°C to +85°C) are guaranteed by design and characterization, unless otherwise noted.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Operating Vollage Vevs 27 55 | v
Main bias is off
(SBIA_EN = 0). This 0.3 1
Current measured is the standby state
into BATT and SYS
and IN_SBB and Main bias is on in
Shutdown Supply | IN_LDO, all low-power mode 1 A
Current SHDN resources are off (SBIA_EN =1, H
(LDO, SBBO, SBB1, | SBIA_LPM =1)
SBB2, LEDO, LED1,
LED2), Tp =25°C Main bias is on in
normal-power mode 28
(SBIA_LEN =1,
SBIA_LPM =0)
Current measured o
into BATT and SYs | Main bias is in
and IN SBB and low-power mode 5.6 13
. IN_LDO. LDO, (SBIA_LPM =1)
Quiescent Supply I SBBO, SBB1, and UA
Current SBB2 are enabled
. Main bias is in
\Iivlgg:oalgsdl_-ELEI)Egoy normal-power mode 40 60
N (SBIA_LPM =0)
are disabled

www.maximintegrated.com

Maxim Integrated | 9



MAX77650/MAX77651 Ultra-Low Power PMIC with 3-Output SIMO
and Power Path Charger for Small Li+

Electrical Characteristics—Global Resources

(Vsys = 3.7V, limits are 100% production tested at Tp = +25°C, limits over the operating temperature range (Ta = -40°C to +85°C) are
guaranteed by design and characterization, unless otherwise noted.)

PARAMETER | SYMBOL | CONDITIONS MIN TYP MAX | UNITS
POWER-ON RESET (POR)
POR Threshold VpoR Vgys falling 1.6 1.9 2.1 \Y
POR Thrgshold 100 mv
Hysteresis

UNDERVOLTAGE LOCKOUT (UVLO)

Vgys falling, UVLO_F[3:0] = OxA 25 2.6 2.7
UVLO Threshold VsysuvLOo V
Vgys falling, UVLO_F[3:0] = OxF 2.75 2.85 2.95
UVLO Threshold L
Hysteresis VsysuvLo_Hys | UVLO_H[3:0] = 0x5 300 mV
OVERVOLTAGE LOCKOUT (OVLO)
OVLO Threshold | Vsysovio | Vsys rising 5.70 5.85 6.00 Vv
THERMAL MONITORS
Overtemperature - o
Lockout Threshold TotLo Ty rising 165 c
Thermal Alarm - o
Temperature 1 TuAL1 Ty rising 80 C
Thermal Alarm . o
Temperature 2 Tua2 Ty rising 100 c
Thermal Alarm 15 °C
Temperature Hysteresis
ENABLE INPUT (nEN)
nEN Input Leakage | Vgys = 5.5V, Vg = | TA= +25°C -1 +0.001 +1 A
Current nEN_LKG 0V, and 5.5V Tp= +85°C +0.01 H

www.maximintegrated.com Maxim Integrated | 10



MAX77650/MAX77651 Ultra-Low Power PMIC with 3-Output SIMO

and Power Path Charger for Small Li+

Electrical Characteristics—Global Resources (continued)
(Vsys = 3.7V, limits are 100% production tested at Tp = +25°C, limits over the operating temperature range (Ta = -40°C to +85°C) are

guaranteed by design and characterization, unless otherwise noted.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
nEN Input Falling . Vsys Vsys
Threshold VTHnEN_F | nEN falling 14 -10 v
nEN Input Rising . Vsvys Vsvys
Threshold VTHneN_F | nEN faling 09  -06 v
Deb Ti ¢ DBEN_nEN =0 100 us
ebounce Time
DBNC_nEN " 'DBEN nEN = 1 30 ms
) MRT_OTP =0 14 16 20
Manual Reset Time tMRST s
MRT_OTP =1 7 8 10.5
POWER HOLD INPUT (PWR_HLD)
PWR_HLD Input Vsys =Vio =58V, | Tp=+25°C -1 +0.001 +1
Leakage Current IPWR HLD LKG | VPWR HLD =0V, X HA
and 5.5V Ta=+85°C +0.01
PWR_HLD Input _ 0.3x
Voltage Low Vic Vio = 1.8V Vio v
PWR_HLD Input _ 0.7 x
Voltage High ViH Vio =18V Vio v
PWR_HLD Input _
Hysteresis Vhys Vip =1.8V 50 mV
PWR_HLD Glitch Filter tpwrR HLD GF | Bothrising and falling edges are filtered 100 us
Maximum time for PWR_HLD input to assert
PWR_HLD Wait Time tpwR_HLD_wAIT | after nRST deasserts during the power-up 3.5 4.0 5.0 s
sequence
OPEN-DRAIN INTERRUPT OUTPUT (nIRQ)
Output Voltage Low VoL IsINK = 2mA 0.4 V
Output Falling Edge _
Time t niRQ Cirq = 25pF 2 ns
Vgys =V|p =5.5V, _ .
nIRQ set to be high | 1A= ¥29°C - +0.001 +1
Leakage Current lhiRQ_LKG impedance (i.e., no MA
interrupts), VnIRQ = | T, = +85°C +0.01
0V and 5.5V
OPEN-DRAIN RESET OUTPUT (nRST)
Output Voltage Low VoL ISINK = 2mMA 0.4 Vv
Output Falling Edge
Time 9= tt nRST CRrsT = 25pF 2 ns
nRST Deassert Delay t See Figure 5 and Figure 7 for more 512 ms
Time RSTODD information ’
nRST Assert Delay Time tRSTOAD See Figure 5 for more information 10.24 ms
Vgys = V|p = 5.5V, B .
nRST set to be high | 1A~ *25°C - +0.001 +
Leakage Current InRST_LKG impedance (i.e., not MA
reset), VarsT =0V | Tp = +85°C +0.01
and 5.5V

www.maximintegrated.com
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MAX77650/MAX77651

Electrical Characteristics—Global Resources (continued)

Ultra-Low Power PMIC with 3-Output SIMO
and Power Path Charger for Small Li+

(Vsys = 3.7V, limits are 100% production tested at Tp = +25°C, limits over the operating temperature range (Ta = -40°C to +85°C) are
guaranteed by design and characterization, unless otherwise noted.)

PARAMETER | SYMBOL CONDITIONS | MIN TYP MAX | UNITS
GENERAL-PURPOSE INPUT/OUTPUT (GPIO)
Input Voltage Low VL Vio = 1.8V %30" v
|
Input Voltage High Vin Vio = 1.8V (1'“70" v
DIR=1,V|0=5.5V, | Tpo=+25°C -1 +0.001 +1
Input Leakage Current | Vv =0V and A
p g GPI_LKG 5%\P/IO Tp= +85°C £0.01 3
Output Voltage Low VoL IsINK = 2mMA 0.4 V
Output Voltage High Vou ISOURCE = TmA (1‘/80’( Vv
|
Input Debounce Time tbBNC_GPI DBEN_GPI =1 30 ms
Output Falling Edge _
Time tr GPIO Capio = 25pF 3 ns
Output Rising Edge
Timz 9579 tr gPIO Capio = 25pF 3 ns
FLEXIBLE POWER SEQUENCER
Power-Up Event Periods tEN See Figure 6 1.28 ms
Power-Down Event .
Periods tpis See Figure 6 2.56 ms

Electrical Characteristics—Smart Power Selector Charger

(VcHaIN = 5.0V, Vgys = 4.5V, VgatT = 4.2V, limits are 100% production tested at Ta = +25°C, limits over the operating temperature
range (Ta = -40°C to +85°C) are guaranteed by design and characterization, unless otherwise noted.)

PARAMETER | SYMBOL CONDITIONS | MIN TYP MAX UNITS
DC INPUT
CHGIN Valid Voltage VeHGIN Initial .CHGIN voltage before enabling 410 725 Vv
Range charging
CHGIN Standoff Voltage .
Range VSTANDOFF DC rising 28 Vv
CHGIN Overvoltage -
Threshold VCHGIN_OVP DC rising 7.25 7.50 7.75 \Y
CHGIN Qvervoltage 100 mv
Hysteresis
CHGIN Undervoltage .
Lockout VCHGIN_UVLO DC rising 3.9 4.0 4.1 \Y
CHGIN Undervoltage
Lockout Hysteresis 500 mv
Input Current Limit Vsys = Vsys-ReG - 100mV, programmable
Range ICHGIN-LIM in 95mA steps 95 475 mA

www.maximintegrated.com
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MAX77650/MAX77651

Electrical Characteristics—Smart Power Selector Charger (continued)

Ultra-Low Power PMIC with 3-Output SIMO
and Power Path Charger for Small Li+

(VcHaIN = 5.0V, Vgys = 4.5V, VgatT = 4.2V, limits are 100% production tested at Ta = +25°C, limits over the operating temperature
range (Ta = -40°C to +85°C) are guaranteed by design and characterization, unless otherwise noted.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Input Current Limit ICHGIN-LIM = 95mA, Vsys = VSYS-REG - % 95 100 mA
Accuracy 100mV

VcHaiN falling due to loading conditions
Minimum Input Voltage Vv and/or high-impedance charge source, 4.0 47 Vv
Regulation Range CHGIN-MIN programmable in 100mV increments with ' '
VCHGIN_MIN[2:0].
Minimum Input Voltage VCHGIN-MIN = 4.5V (VCHGIN_MIN[2:0] =
Regulation Accuracy 0b101), IcHgIN reduced by 10% 4.32 4.50 4.68 v
Charger Input VCHGIN = 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
BATT Bias Current IBATT-BIAS suspend (USBS = 0), charging is finished 5 MA
(CHG_DTLS indicate done), Igys = OmA
VcHaIN = 9V, charger is not in USB
suspend (USBS = 0), Charging is finished 1.0 1.8 mA
CHGIN Supply Current ICHGIN (CHG_DTLS indicate done), Igys = OmA
VcHaIN = 0V to 1V, VeatT = 3.3V, Igys = 50 UA
0A
CHGIN Suspend Supply VcHaIN = 9V, charger in USB suspend
Current IcHGIN (USBS = 1) 50 WA
PREQUALIFICATIONS
Charge Current
Soft-Start Slew Time Zero to full scale 1 ms
Input Current
Soft-Start Slew Time Zero to full scale 1 ms
Charger is in prequalification mode when
Prequalification Voltage Vv VBATT < Vpq, this threshold has 100mV of 23 30 v
Threshold Range PQ hysteresis, programmable in 100mV steps ' '
with CHG_PQ[2:0]
Prequalification Voltage _ o
Threshold Accuracy Vpq =3.0V -3 3 %
VBaATT = 2.5V, Vpq = 3.0V, expressed as a 10
Prequalification Mode | percentage of IFasT-cHG, _PQ =0 %
0
Charge Current PQ VBATT = 2.5V, VpQq = 3.0V, expressed as a 20
percentage of IFasT-CcHG, |_PQ =1
1Fjil‘:]2l:allflcatlon Safety tpq VBaATT < Vpq = 3.0V 27 30 33 minutes
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MAX77650/MAX77651

Ultra-Low Power PMIC with 3-Output SIMO
and Power Path Charger for Small Li+

Electrical Characteristics—Smart Power Selector Charger (continued)
(VcHGIN = 5.0V, Vgys = 4.5V, VparT = 4.2V, limits are 100% production tested at Tpa = +25°C, limits over the operating temperature

range (Tp = -40°C to +85°C) are guaranteed by design and characterization, unless otherwise noted.)

PARAMETER | SYMBOL | CONDITIONS | MIN TYP MAX UNITS
FAST CHARGE
Fast-Charge Voltage Vv IBATT = OMA, programmable in 25mV 36 46 v
Range FAST-CHG | steps with CHG_CV[5:0] : :
IBATT = OMA, VEAST.CHG = 4.3V, Vsys = 05 +0.15 +0.5
Fast-Charge Voltage 4.5V, Tp =+25°C o
(o]
Accuracy IBATT = OMA, VEaST-CHG = 3.6V t0 4.6V, 10
Vgys = 4.8V ’
Fast-Charge Current Programmable in 7.5mA steps with CHG_
Range IFAST-CHG | cep5:0] 75 300 mA
IFAST-CHG = 15mA, Tp = 25°C, VBATT = 15 15
Fast-Charge Current VFAST-CHG - 300mV %
0
Accuracy IFAST-CHG = 300mA, Tp = 25°C, VgaTT = 15 15
VFAST-CHG - 300mV
Fast-Charge Current . _
Accuracy over Acros_s33l(|) rcT:KI/'rent settings, VBATT = VFAST- 10 +10 %
Temperature CHG
Programmable in 2 hour increments or
Fast-Charge Safety t disabled with T_FAST_CHGI1:0], from 3 7 hours
Timer Range FC
prequal done to timer fault
Fast-Charge Safety _ o
Timer Accuracy tFc =3 hours 10 +10 %
Fast-charge CC mode, loading conditions
E?;:fgiggzriafety and/or a weak charging source caused 20 Y
Thresholdp charge current to drop below this threshold, °
expressed as a percentage of IFAST-CHG
Junction Temperature . R .
Regulation Setting T).REG _Fr)f%rzggf"oﬁ'e in 10°C steps with 60 100 °C
Range - ’
Rate at which IpasT-cHG/lPq is reduced to
Junction Temperature maintain T .Reg, expressed a percentage o) Jo
Regulation Loop Gain CTu-REG of IFasT-cHG/Ipq per degree centigrade 54 HI"C
rise
TERMINATION AND TOPOFF
|_TERM = 0b00 (expressed as a percentage 5
of IFasT-CHG)
|_TERM = 0b01 (expressed as a percentage 75
End-of-Charge | of IFAST-CHG) ' %
Termination Current TERM |_TERM = 0b10 (expressed as a percentage 10
of IFAsT-CHG)
|_TERM = 0b11 (expressed as a percentage 15
of IFAST-CHG)
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MAX77650/MAX77651

Ultra-Low Power PMIC with 3-Output SIMO
and Power Path Charger for Small Li+

Electrical Characteristics—Smart Power Selector Charger (continued)
(VeHaIN = 5.0V, Vgysg = 4.5V, VpaTT = 4.2V, limits are 100% production tested at Tp = +25°C, limits over the operating temperature

range (Tp = -40°C to +85°C) are guaranteed by design and characterization, unless otherwise noted.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
= = 0,
. IFAST-CHG 15mA_, ITEROM 1.5mA (10% 135 15 165
End-of-Charge Termina- of IrasT-cHG), Ta = +25°C A
tion Current Accuracy IFAST-CHG = 300mA, ITErM = 30mA (10%
N 27 30 33
of IFasT-cHG). TA = +25°C
] ) IBATT < ITERM, Programmable in 5 minute .
Top-Off Timer Range tto steps with T_TOPOFF[2:0] 0 35 minutes
Top-Off Timer Accuracy tto = 10 minutes -10 +10 %
CHG = 0 (charging done), charging re-
gzarge Restart Thresh VRESTART | sumes when VBATT < VFAST-CHG - VRE- 65 150 mV
START
DEVICE ON-RESISTANCE AND LEAKAGE
BATT to SYS VeaTT = 3.7V, IgaTT = 300MA, VCHGIN = 100 mo
On-Resistance 0V, battery is discharging to SYS
Vgys = 4.5V, VgarT = 0V, Tp = 25°C, 0.1 10
Charger FET Leakage charger disabled uA
Current Vgys =4.5V, VgarT = 0V, Tp = 85°C, 1
charger disabled
CHGIN to SYS _
On-Resistance VcHaIN = 465V 600 mQ
VcHGIN = 0V, Vgyg = 4.2V, Tp = +25°C, 0.1 10
Input FET Leakage body-switched diode reverse biased ’ ’ A
Current VCHGIN = 0V, Vgyg = 4.2V, Tp = +85°C, 1 !
body-switched diode is reverse biased
SYSTEM NODE
System Voltage Vv Programmable in 25mV steps with VSYS_ 41 48 Vv
Regulation Range SYS-REG | REG[4:0] ' '
Vsys-.REG = 4.5V, Igys = TmA, Ta = +25°C |  4.41 4.50 4.59
System Voltage v — — — v
Regulation Accuracy SYs Vsvys-Reg = 4.5V, Isys = TmA, Tp =-40°C 4.365 4.500 4635
to +85°C
VCHGIN = 3V, Vsys-REG = 4.5V, Vgys <
Minimum System Vsys-Reg due to IcHaIN = IcHGIN-LIM (in-
Voltage Regulation Vsys-MIN put in current-limit), battery charging, IgaTT 4.34 4.4 4.45 Vv
Loop Setpoint reduced to 50% of IpasT-cHG (Minimum
system voltage regulation active)
Supplement Mode Sys- _ VBATT
tem Voltage Regulation Isys = 150mA -0.15V v
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MAX77650/MAX77651

Ultra-Low Power PMIC with 3-Output SIMO
and Power Path Charger for Small Li+

Electrical Characteristics—Adjustable Thermistor Temperature Monitors
(VeHaIN = 5.0V, Vgysg = 4.5V, VpaTT = 4.2V, limits are 100% production tested at Tp = +25°C, limits over the operating temperature

range (Tp = -40°C to +85°C) are guaranteed by design and characterization, unless otherwise noted.)

PARAMETER SYMBOL CONDITIONS | MIN TYP MAX UNITS
JEITA TEMPERATURE MONITORS
TBIAS Voltage VTBIAS THM_EN =1, VoHgIN = 5V 1.25 \Y
Voltage rising threshold, programmable
JRi'JAecmd Threshold Veolb with THM_COLD[1:0] in 5°C increments 0.867 1.024 v
9 when using an NTC 8 = 3380K
Voltage rising threshold, programmable
‘éEa'nTAeC“' Threshold Veool with THM_COOL[1:0] in 5°C increments 0.747 0.923 v
9 when using an NTC B = 3380K
Voltage falling threshold, programmable
JRi'nTAewarm Threshold VIWARM with THM_WARM[1:0] in 5°C increments 0.367 0.511 v
g when using an NTC 8 = 3380K
Voltage falling threshold, programmable
JRi'nTAeHm Threshold VhoT with THM_HOT[1:0] in 5°C increments 0.291 0.411 Vv
9 when using an NTC 8 = 3380K
Temperature Threshold Voltage threshold accuracy expressed as 43 c
Accuracy temperature for an NTC 8 = 3380K B
Temperature Threshold Temperature hysteresis set on each volt- 3 c
Hysteresis age threshold for an NTC B = 3380K
JEITA Modified Fast- VEAST-CHG IBaTT = OMA, programmable in 25mV
— s 3.6 46 \Y
Charge Voltage Range JEITA steps, battery is either cool or warm
JEITA Modified Fast- IFAST-CHG JEI- | Programmable in 7.5mA steps, battery is
— . 7.5 300 mA
Charge Current Range TA either cool or warm

Electrical Characteristics—Analog Multiplexer and Power Monitor AFEs
(VCHGIN = 5.0V, Vgys = 4.5V, VaTT = 4.2V, limits are 100% production tested at Ta = +25°C, limits over the operating temperature

range (Tp = -40°C to +85°C) are guaranteed by design and characterization, unless otherwise noted.)

PARAMETER SYMBOL CONDITIONS | MIN TYP MAX UNITS
ANALOG MULTIPLEXER AND POWER MONITOR AFEs
Full-Scale Voltage VEs 1.25 \
SYS Voltage Monitor Gusys VFS. corresponds to maximum Vsys.ReGg 026 VIV
Gain setting
CHGIN POWER
CH.GIN Current Monitor GICHGIN VFS. corresponds to maximum IcHGIN-LIM 2632 VIA
Gain setting
(G::ile Voltage Monitor GvCHGIN Vs corresponds to VcHGIN_OVP 0.167 VIV
BATT MONITOR
Battery Charge Current VEg corresponds to 100% of IFaAST-CHG o
Monitor Gain GIBATT-CHG | getting (CHG_CCI5:0]) 125 mV/7%
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MAX77650/MAX77651

Ultra-Low Power PMIC with 3-Output SIMO
and Power Path Charger for Small Li+

Electrical Characteristics—Analog Multiplexer and Power Monitor AFEs (continued)
(VeHaIN = 5.0V, Vgysg = 4.5V, VpaTT = 4.2V, limits are 100% production tested at Tp = +25°C, limits over the operating temperature

range (Tp = -40°C to +85°C) are guaranteed by design and characterization, unless otherwise noted.)

Gain

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
IFAST-CHG = 15mA, Tp = 25°C, VBaTT = 35 +35
Charge Current Monitor VFAST-CHG - 300mV %
0
Accuracy IFAST-CHG = 300mA, Tp = +25°C, VBATT = | 4 ¢ 435
VFAST-CHG - 300mV ' '
Charge Current Monitor . _
Accuracy over Acrosis;(;l(l)rcr:x;rent settings, VBATT = VFAST- -10 +10 %
Temperature CHG
Battery Discharge Programmable with IMON_DISCHG_
Monitor Full-Scale IDISCHG-SCALE SCALE[3:0] 8.2 300 mA
Current Range ’
CBiif'tr?arrrt 33??;:98 15mA to 300mA battery discharge current, 15 +15 Y
_ = (o]
Accuracy IDISCHG-SCALE = 300mA
Battery Discharge _
Current Monitor Offset lBATT = 0mA 0.5 +0.65 mA
Battery Voltage Monitor VEg corresponds to maximum VEAST-CHG
Gain GvBATT setting 0.272 Vv
ANALOG MULTIPLEXER
Channel Switching Time 0.3 us
Vamux = 0V, AMUX Ta=+25°C 1 500 nA
Off Leakage Current is high impedance Ta- +85°C p oA
THM AND TBIAS
THM Voltage Monitor
Gain GvTHM ! Vv
TBIAS Voltage Monitor
g GvTBIAS 1 VIV
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MAX77650/MAX77651

Ultra-Low Power PMIC with 3-Output SIMO
and Power Path Charger for Small Li+

Electrical Characteristics—SIMO Buck-Boost

(Vsys = 3.7V, ViN_sBB = 3.7V, Cspex = 10pF, L = 1.5pH, limits are 100% production tested at T = +25°C, limits over the operating
temperature range (Tp = -40°C to +85°C) are guaranteed by design and characterization, unless otherwise noted.)

PARAMETER | SYMBOL CONDITIONS MIN TYP MAX | UNITS
OUTPUT VOLTAGE RANGE (SBBO0)
Minimum Output 08 v
Voltage
Maximum Output 2375 Vv
Voltage
Output DAC Bits 6 bits
Output DAC LSB Size 25 mV
OUTPUT VOLTAGE RANGE (SBB1)
Minimum Output MAX77650 0.8 v
Voltage MAX77651 24
Voltage MAX77651 5.25
Output DAC Bits 6 bits
) MAX77650 12.5
Output DAC LSB Size mV
MAX77651 50
OUTPUT VOLTAGE RANGE (SBB2)
Minimum Output MAX77650 0.8 y
Voltage MAX77651 2.4
Maximum Output MAX77650 3.95 Y
Voltage MAX77651 5.25
Output DAC Bits 6 bits
Output DAC LSB Size 50 mV
OUTPUT VOLTAGE ACCURACY
VspBx falling,
threshold where LXA | Ta =+25°C -2.5 +2.5
Output Voltage switches high. Speci- Y
Accuracy fied as a percentage — M0 °
of target output volt- 1350040 Cto -4.0 +4.0
age (Note 3)
TIMING CHARACTERISTICS
Delay time from the SIMO receiving its first
Enable Delay enable signal to when it begins to switch in 60 us
order to service that output.
Soft-Start Slew Rate dV/dtgg 3.3 5.0 6.6 mV/us
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MAX77650/MAX77651 Ultra-Low Power PMIC with 3-Output SIMO
and Power Path Charger for Small Li+

Electrical Characteristics—SIMO Buck-Boost (continued)

(Vsys = 3.7V, ViN_sBB = 3.7V, Cspex = 10pF, L = 1.5pH, limits are 100% production tested at T = +25°C, limits over the operating
temperature range (Tp = -40°C to +85°C) are guaranteed by design and characterization, unless otherwise noted.)

PARAMETER | SYMBOL | CONDITIONS | MIN  TYP  MAX | UNITS
POWER STAGE CHARACTERISTICS
SBBdQ’ SSBJ' SBB2 | 1, =+25°C 40 #01  +1.0
LXA Leakage Current are disa _e ’ MA
VIN_sBB = 5.5V, Ta=+85°C +1.0
Vixa =0V, or 5.5V A~ =
SBBO, SBB1, SBB2 )
are disabled, V|y Ta=+25°C -1.0 +0.1 +1.0
LXB Leakage Current SBB = 5.5V, Vi xaA = WA
0V or 5.5V, all Vgggx Ta= +85°C £1.0
=5.5V
VIN_sBB =55V, Ta=+25°C +0.01 +1.0
BST Leakage Current Vi xg = 5.5V, MA
VgsT = 11V Ta=+85°C +0.1
SBBO0, SBB1, SBB2
are dlsableq, active- Ta= +25°C +0.1 1.0
discharge disabled
Disabled Output (ADE_SBBx = 0), A
Leakage Current VspBx = 5.5V, H
Vixg =0V, Vgys = = iaro
Vin sBB=VBsT= | AT +85°C *02
5.5V
Active Discharge SBBO0, SBB1, SBB2 are disabled, active
Impedance RAD_sBBx discharge enabled (ADE_SBBx = 1) 80 140 260 Q
CONTROL SCHEME
IP_SBBx = 0b11 0.414 0.500 0.586
(Note 4) P_SBB IP_SBBx = 0b01 0713 0866  0.947
IP_SBBx = 0b00 0.892 1.000 1.108

Note 3: Measured in an open-loop test that determines the output voltage falling threshold where LXA switches high.

Note 4: Typical values align with bench observations using the stated conditions. Minimum and maximum values are tested in pro-
duction with DC currents. See the Typical Operating Characteristics SIMO switching waveforms to gain more insight on this
specification.
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MAX77650/MAX77651

Ultra-Low Power PMIC with 3-Output SIMO
and Power Path Charger for Small Li+

Electrical Characteristics—LDO

(Vsys = 3.7V, VIN_Lpo = 2.05V, V| po = 1.85V, C_ po = 10pF, limits are 100% production tested at Ta = +25°C, limits over the operating
temperature range (Tp = -40°C to +85°C) are guaranteed by design and characterization, unless otherwise noted.)

PARAMETER | SYMBOL CONDITIONS MIN TYP MAX | UNITS
GENERAL CHARACTERISTICS
IN_LDO cannot exceed SYS voltage
Input Voltage VIN_LDO (Note 5) 1.8 55 \%
Current measured into IN_LDO, LDO
LDO Shutdown Current lIN_LDO output disabled (Note 6) 0.1 1 MA
LDO output enabled
and in regulation,
. t , VIN_LDO = 2.05V, 1.7 5.15
LDO Quiescent Supply ) urrent measure Vipo = 1.85V
IIN LDO into IN_LDO, pA
Current (Note 6) - Lo = OmA LDO output enabled
and in dropout, Vi _ 23
Lbo = 1.8V, Vipo '
target is 1.85V
Maximum Output
Current lout 150 mA
Current Limit V| po externally forced to 1.3V 165 255 375 mA
OUTPUT VOLTAGE RANGE
Programmable with TV_LDOI[6:0] in
Output Voltage Range 12.5mV steps 1.3500 2.9375 Vv
Output DAC Bits 7 bits
Output DAC LSB Size 12.5 mV
STATIC CHARACTERISTICS
Initial Output Voltage _ _ R o
Accuracy ILpo =75mA, Tp = +25°C 2.5 +2.5 %
VL po programmed from 1.35V to 2.9375V,
Output Voltage VIN_LDO = 1.8V 10 5.5V, LDO not in drop- 3 +3 o
Accuracy out, I po = 0mAto 150mA, Tp =-5°C to °
+85°C
B Main bias circuits
f=10Hz to B are in normal-power 550
120“/':2\'/'0UT_‘ mode (SBIA_LPM
Output Noise mA, VsYs= - 1=0) MVRMS
3.7V, VIN_LDO = ——
2.05V, V| po = Main bias circuits are
1.85V in low-power mode 800
(SBIA_LPM = 1)
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MAX77650/MAX77651

Ultra-Low Power PMIC with 3-Output SIMO
and Power Path Charger for Small Li+

Electrical Characteristics—LDO (continued)

(Vsys = 3.7V, VIN_Lpo = 2.05V, V| po = 1.85V, C_ po = 10pF, limits are 100% production tested at Ta = +25°C, limits over the operating
temperature range (Tp = -40°C to +85°C) are guaranteed by design and characterization, unless otherwise noted.)

PARAMETER | SYMBOL | CONDITIONS MIN TYP MAX | UNITS
TIMING CHARACTERISTICS
Enable Delay Ta=+25°C 0.6 1.25 ms
0, 0, 1
Soft-Start Slew Rate dV/dtss VLo from 10% to 90% of final value. 05 1.25 250 | mVis
Tp =+25°C
POWER STAGE CHARACTERISTICS
Vgys = 3.7V, 1.85V programmed output
Dropout Voltage VLbo_po voltage (TV_LDO[6:0] = 0x20), V|N_LDO = 90 180 mV
1.8V, IL.po = 150mA (Note 5)
Active-Discharge Regulator disabled, active discharge
Impedance RaD_LDO enabled (ADE_LDO = 1) 50 100 200 Q
Regulator disabled,
active discharge Ta=+25°C (Note 7) +0.1 +1.0
Disabled Output dlsabl_ed (ADE_ _
LDO =0), Vgys = MA
Leakage Current ViN LDo = 5.5V
Vipo = 5.5V and Ta=+85°C 1.0
oV
Vgys =3.7V,
1.85V programmed | Tp = +25°C 0.6 0.9
output voltage
Dropout On-Resistance Rpson (TV_LDO[6:0] = Q
0x20), VIN_LDO = Cose
1.8V, 1Lpo = ImAx, Tp=+85°C 1.2
(Note 5)

Note 5: Dropout is the condition where the input voltage is in its valid input range but the output cannot be properly regulated
because the input voltage is not sufficiently higher than the output voltage. The dropout voltage is the difference between
the input voltage and the output voltage when the regulator is in dropout. The dropout on-resistance is the resistance of the
power MOSFET between the input and the output when the regulator is in dropout. Generally speaking, applications should
avoid dropout by having sufficient input voltage. A dropout detection interrupt is available (DOD_R; see the Programmer’s
Guide for more information). For example, applications with the output voltage target of 1.85V and the maximum load cur-
rent is 80mA (ILDO_MAX), has a dropout voltage of 96mV (V| po po = ILDO_MAX x RDSON_LDO = 80mA x 1.2Q =

96mV). To avoid dropout, the input voltage should be 1.95V (VIN:LDO =VLpo * VLDO_DO)-

Note 6: Guaranteed by design and characterization but not directly production tested. Production test coverage is provided by the
shutdown supply current and quiescent supply current specification in the Electrical Characteristics—Top Level table.

Note 7: Guaranteed by design and characterization but not directly production tested. The ability to disconnect the active discharge
resistance is functionally checked in a production test.
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MAX77650/MAX77651 Ultra-Low Power PMIC with 3-Output SIMO

and Power Path Charger for Small Li+

Electrical Characteristics—Current Sinks

(Vsys = 3.7V, limits are 100% production tested at Tp = +25°C, limits over the operating temperature range (Ta = -40°C to +85°C) are
guaranteed by design and characterization, unless otherwise noted.)

PARAMETER | SYMBOL | CONDITIONS MIN TYP MAX | UNITS
GENERAL CHARACTERISTICS
Current Sink Quiescent Change !n supply current a_t S\.(S when one
o) channel is enabled and delivering 12.8mA, 6 12 MA
Current
VLEDpx = 0.2V
QI! current sli)r)k ) Tp = +25°C +0.1 +1.0
. rivers combined,
Current Sink Leakage outputs disabled, - : MA
VL EDy = 5.5V Tp = +85°C +1.0
3.2mA CURRENT SINK RANGE (LED_FSx[1:0] = 0b01, VLEDx = 0.2V)
Minimum Sink Current BRT_LEDx[4:0] = 0b00000 0.1 mA
Maximum Sink Current BRT_LEDx[4:0] = Ob11111 3.2 mA
Current Sink DAC Bits 5 bits
Current Sink DAC LSB 0.1 mA
. Ta =+25°C 3.10 3.20 3.25
Current Sink Accuracy mA
Tp =-40°C to +85°C 3.03 3.20 3.36
Dropout Voltage Vpo BRT_LEDx[4:0] = 0b11111, I_epx = 2.9mA 35 70 mV
6.4mA CURRENT SINK RANGE (LED_FSx[1:0] = 0b10, VLEDx = 0.2V)
Minimum Sink Current BRT_LEDx[4:0] = 0b00000 0.2 mA
Maximum Sink Current BRT_LEDx[4:0] = Ob11111 6.4 mA
Current Sink DAC Bits 5 bits
Current Sink DAC LSB 0.2 mA
) Ta =+25°C 6.30 6.40 6.50
Current Sink Accuracy mA
Ta =-40°C to +85°C 6.06 6.40 6.72
LED_FSx[1:0] = 0b11, BRT_LEDx[4:0] =
Dropout Voltage Vpo 0b11111, I Epy = 5.75mA 35 70 mV
12.8mA CURRENT SINK RANGE (LED_FSx[1:0] = 0b11, VLEDx = 0.2V)
Minimum Sink Current BRT_LEDx[4:0] = 0b00000 0.4 mA
Maximum Sink Current BRT_LEDx[4:0] = Ob11111 12.8 mA
Current Sink DAC Bits 5 bits
Current Sink DAC LSB 0.4 mA
) Tp =+25°C 12.6 12.8 13.0
Current Sink Accuracy mA
Ta =-40°C to +85°C 12.16 12.80 13.44
Dropout Voltage Vpo BRT_LEDx[4:0] = 0b11111, I_epx = 11.5mA 35 70 mV
TIMING CHARACTERISTICS
Root Clock Frequency 25.6 32.0 38.4 Hz
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MAX77650/MAX77651

Ultra-Low Power PMIC with 3-Output SIMO
and Power Path Charger for Small Li+

Electrical Characteristics—Current Sinks (continued)

(Vsys = 3.7V, limits are 100% production tested at Tp = +25°C, limits over the operating temperature range (Ta = -40°C to +85°C) are
guaranteed by design and characterization, unless otherwise noted.)

PARAMETER | SYMBOL | CONDITIONS | MIN  TYP  MAX | UNITS
TIMING CHARACTERISTICS/BLINK PERIOD SETTINGS
0.5 s
Minimum Blink Period
16 clocks
) ) ) 8 s
Maximum Blink Period
256 clocks
. . 0.5 S
Blink Period LSB
16 clocks
TIMING CHARACTERISTICS/BLINK DUTY CYCLE
Minimum Blink Duty Cycle D_LEDx[3:0] = 0b0000 6.25 %
Maximum Blink Duty Cycle D_LEDx[3:0] = Ob1111 100 %
Blink Duty Cycle LSB 6.25 %

Electrical Characteristics—I2C Serial Interface

(Vsys = 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
+85°C) are guaranteed by design and characterization, unless otherwise noted.)

PARAMETER | SYMBOL | CONDITIONS | MIN  TYP  MAX | UNITS
POWER SUPPLY
V|o Voltage Range Vio 1.7 1.8 3.6 \

Vo = 3.6V, Vgpa = VscL =0V or 3.6V,

_ A A 0 +1

Vo Bias Current Ta=+25°C HA
Vio =1.7V,Vgpa = VgcL= 0V or 1.7V -1 0 +1

SDA AND SCL I/0 STAGE
SCL, SDA Input High _ 0.7 x
Voltage Viy Vio = 1.7V to 3.6V Vio v
SCL, SDA Input Low _ 0.3x
Voltage ViL Vio=1.7V to 3.6V Vio \%
SCL, SDA Input v 0.05 x v
Hysteresis HYS Vio
SCL, SDA Input _ _ _
Leakage Current I Vo = 3.6V, VgcL = Vgpa =0V and 3.6V 10 +10 MA
SDA Output Low I
Voltage VoL Sinking 20mA 0.4 \
SCL, SDA Pin
Capacitance G 10 pF
Output Fall Time from
Vi to V. (Note 2) toF 120 ns
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MAX77650/MAX77651 Ultra-Low Power PMIC with 3-Output SIMO
and Power Path Charger for Small Li+

Electrical Characteristics—I2C (continued)

(Vsys = 3.7V, V|0 = 1.8V, limits are 100% production tested at Tp = +25°C, limits over the operating temperature range (Ta = -40°C to
+85°C) are guaranteed by design and characterization, unless otherwise noted.)

PARAMETER | SYMBOL | CONDITIONS | MIN  TYP  MAX | UNITS
12C-COMPATIBLE INTERFACE TIMING (STANDARD, FAST AND FAST MODE PLUS) (Note 8)
Clock Frequency fscL 0 1000 kHz
ST CEPENED) | -
SCL Low Period tLow 0.5 us
SCL High Period tHiGH 0.26 us
:
Data Hold Time tHD DAT 0 us
Data Setup Time tsu_DAT 50 ns
Bus Free Time between
STOP and START tBUF 0.5 us
Condition
Pulse Width of Sup- tsp Maximum pulse width _of spik.es that must 50 ns
pressed Spikes be suppressed by the input filter
12C-COMPATIBLE INTERFACE TIMING (HIGH-SPEED MODE, Cg = 100pF) (Note 8)
Clock Frequency fscL 3.4 MHz
Hold Time (R.E.PEATED) D STA 160 ns
START Condition —
SCL Low Period tLow 160 ns
SCL High Period tHiIGH 60 ns
Data Setup Time tsu_DAT 10 ns
Data Hold Time tHD DAT 0 70 ns
SCL Rise Time troL Ta=+25°C 10 40 ns
Rise Time of SCL
SRR | | mamease 0 0 |
after Acknowledge Bit
SCL Fall Time troL Tp =+25°C 10 40 ns
SDA Rise Time trDA Tp =+25°C 10 80 ns
SDA Fall Time tDA Tp =+25°C 10 80 ns
Bus Capacitance Cp 100 pF
Pulse Width of Sup- tsp Maximum pulse width of spikes that must 10 ns
pressed Spikes be suppressed by the input filter
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MAX77650/MAX77651 Ultra-Low Power PMIC with 3-Output SIMO
and Power Path Charger for Small Li+

Electrical Characteristics—I2C (continued)

(Vsys = 3.7V, V|0 = 1.8V, limits are 100% production tested at Tp = +25°C, limits over the operating temperature range (Ta = -40°C to
+85°C) are guaranteed by design and characterization, unless otherwise noted.)

PARAMETER | SYMBOL | CONDITIONS | MIN  TYP  MAX | UNITS
12C-COMPATIBLE INTERFACE TIMING (HIGH-SPEED MODE, Cg = 400pF) (Note 8)
Clock Frequency fscL 1.7 MHz
START Conditon | tH0_STh 160 s
SCL Low Period tLow 320 ns
SCL High Period tHiIGH 120 ns
Data Setup Time tsu_pAr 10 ns
Data Hold Time tHD DAT 0 150 ns
SCL Rise Time tRcoL Ta=+25°C 20 80 ns
Rise Time of SCL
START Conditonand | ROL1 | TA= #25°C 20 w0 |
after Acknowledge Bit
SCL Fall Time trcL Ta =+25°C 20 80 ns
SDA Rise Time tRDA Ta=+25°C 20 160 ns
SDA Fall Time tFDA Ta=+25°C 20 160 ns
Bus Capacitance Cp 400 pF
Pulse Width of tsp Maximum pulse width of spikes that must 10 ns

Suppressed Spikes be suppressed by the input filter

Note 8: Design guidance only. Not production tested.
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MAX77650/MAX77651 Ultra-Low Power PMIC with 3-Output SIMO
and Power Path Charger for Small Li+

Typical Operating Characteristics
(Typical Application Circuit, VcHGIN = OV, Vsys = VIN_sBB = 3.7V, VBaTT = 3.7V, V|0 = 1.8V, Tp = +25°C, unless otherwise noted.)

SHUTDOWN SUPPLY CURRENT SHUTDOWN SUPPLY CURRENT SHUTDOWN SUPPLY CURRENT
vs. BATTERY VOLTAGE vs. BATTERY VOLTAGE vs. BATTERY VOLTAGE
6 tocO’ 6 toc02 60 toc!
LDO, SIMO, LED'S ARE DISABLED LDO, SIMO, LED'S ARE DISABLED LDO, SIMO, LED'S ARE DISABLED
MAIN-BIAS OFF (SBIA_EN = 0) MAIN-BIAS ON (SBIA_EN = 1) MAIN-BIAS ON (SBIA_EN = 1)
5 5 |LOW-POWER MODE (SBIA_LPM = 1) 50 INORMAL-POWER MODE (SBIA_LPM = 0)——
Ta= +85°C
4 4 40 1= +25°C
g Ta= +85°C g Ta= +85°C z b —
A= W=
T 3 fm=esc T 3 |m=ss5C T
i Ta = -40°C i Ta=40°C 3
2 2 i 20
——
= /—»-'___n*% 0
Ll —
A =
0 0 0
25 35 45 55 25 35 45 55 25 35 45 55
Veart (V) Veart (V) Vaart (V)
QUIESCENT SUPPLY CURRENT QUIESCENT SUPPLY CURRENT
vs. BATTERY VOLTAGE vs. TEMPERATURE
10 tocO: 10 toc05
MAIN-BIAS ON (SBIA_EN = 1) MAIN-BIAS ON (SBIA_EN = 1)
9 [LOW-POWER MODE (SBIA_LPM = 1) ———| 9 [LOW-POWER MODE (SBIA_LPM =1
8 | | 8 ]
SBBO, SBB1, SBB2 ENABLED
7 SBBO, SBB1, SBB2 ENABLED | 7 SBBO, SBB1 ENABLED |
6 SBBO0, SBB1 ENABLED | 6 SBBO ENABLED |
g SBBOENABLED g
T s T s
& 4 = 4
3 = 3
, R, ) L
1 1
0 0
25 35 45 55 40 A5 10 35 60 85
Veart (V) TEMPERATURE (°C)
SBB2 EFFICIENCY vs. OUTPUT CURRENT SBB2 LOAD REGULATION
(Vsggz = 3.3V, PER PEAK CURRENT LIMIT) (Vsgaz = 3.3V, PER PEAK CURRENT LIMIT)
88 toc06 350 toc07
DRV_SBB =0, Viy_sgp =3.7V DRV_SBB =0, Y|N,ssa= v IP_SBB2 = 1000mA
86 ICspoerrecve =3WF T 345 Ciaff?mi_jﬁ 7777777 IP_SBB2 = 866mA |
84 /fﬂ___’_;jf ,,,,, ’ IP_SBB2 = 700mA
< 8 e S 340
5 L \ &
580 =
2 | g
2 ™ | 5
- | £
(e
™ Ip_seB2=700mA T
4o |PsBB2=866mA | |
IP_SBB2 = 1000mA
70 3.20
0.1 1 10 100 1000 0.1 1 10 100 1000
OUTPUT CURRENT (mA) OUTPUT CURRENT (mA)
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MAX77650/MAX77651 Ultra-Low Power PMIC with 3-Output SIMO

and Power Path Charger for Small Li+

Typical Operating Characteristics (continued)

(Typical Application Circuit, VoHagIN = OV, Vsys = VN sBB = 3.7V, VeaTT = 3.7V, V|p = 1.8V, L = 2.2uF (TOKO DFE201210S-2R2M,
127mQ, 2.0mm x 1.2mm x 1.0mm), T = +25°C, unless otherwise noted.)

SBB0 LOAD REGULATION
(Vsaao = 2.05V, PER PEAK CURRENT LIMIT)

SBBO EFFICIENCY vs. OUTPUT CURRENT
(Vsggo =2.05V, PER PEAK CURRENT LIMIT)

loc08

SBB1 EFFICIENCY vs. OUTPUT CURRENT
(Vsgas = 1.2V, PER PEAK CURRENT LIMIT)

toc! toct

88 2.25 88
DRV_SBB =0, Vin_sss=3.7V DRV_SBB =0, Vin_sgg= 3.7V DRV_SBB =0, Vin_sgg= 3.7V
86 [Cspao_errecTvE = SUF T T T 220 | Cosso eFFECTVE =5UF 15 opag - 1000maA 86 [Cose1 errecmve =8yF ‘lggggl . ;(J)(L)Hr%;\ Il
84 A IP_SBBO = 866mA 84 IP_SBB1 = 866mA |
J/ s IP_SBBO = 700mA IP_SBB1 = 1000mA
- & LA mmmmm - ST - &
= _/,__n——-—-" B IP_SBBO0 = 500mA =
580 s 5 80
) [}
i _//\’v,_’__n————-‘_-/-‘ é 210 2 [ g 1
o T8 = o 718
= IP_SBBO = 500mA 2 s f”'/__;_,.———/'n
W 75 HP_SBBO=700mA—— | i E 905 I
IP_SBBO = 866mA o N’____,__—-—~./1
74 |HP_SBBO = 1000mA 74
2,00 L I
72 72
70 1.95 70 L
0.1 1 10 100 1000 0.1 1 10 100 1000 0.1 1 10 100 1000
OUTPUT CURRENT (mA) OUTPUT CURRENT (mA) OUTPUT CURRENT (mA)
SBB2 EFFICIENCY

SBB1 LOAD REGULATION
(Vsgg1 = 1.2V, PER PEAK CURRENT LIMIT)

vs. OUTPUT CURRENT
(Vsgmy = 3.3V, PER DRIVE STRENGTH)
toc1

toct

1.24 88
DRV_SBB =0, ViN_ss=3.7V IP_SBB2 =3, V|\_spg = 3.7V
Cspst_errecTve =8uF 86 [Commr prrccTve=3F —————
1.23 A
84 —
Z 2 82 JA
g T— 580
2 12 g
A SR 8 n
% 1.20 B 7
IP_SBB1 = 1000mA 74 |.DRV_SBB=0
11 P SBBI=gGomA DRV_SBB =1
P_SBB1 =700mA 72 |-DRV_SBB =2
IP_SBB1 = 500mA DRV_SBB =3
1.18 70
0.1 1 10 100 1000 01 1 10 100 1000
OUTPUT CURRENT (mA) OUTPUT CURRENT (mA)
CHGIN SUPPLY CURRENT vs.
SBB2 LOAD REGULATION CHGIN VOLTAGE
(Vo = 3.3V, PER DRIVE STRENGTH) (USB SUSPENDED)
3.38 toct 100 toc14
IP_SBB2 =3, V|y_sgg = 3.7V DRV_SBB=0 Veren RISING
CsBr2_EFFECTIVE = 3pF DRV_SBB = 1 %
336 DRV_SBB =2 80
DRV_SBB =3
s 70
p 334
= 60
5 :
S 33 z 9
= =
g 3w
5 330 A
3 et \ 30
328 2
\I 10 —
326 0
0.1 1 10 100 1000 35 40 45 50 55 6.0
OUTPUT CURRENT (mA) Venen (V)
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MAX77650/MAX77651

Ultra-Low Power PMIC with 3-Output SIMO
and Power Path Charger for Small Li+

Typical Operating Characteristics (continued)
(Typical Application Circuit, VeHgIN = OV, Vsys = ViN_sgB = 3.7V, VBaTT = 3.7V, V|g = 1.8V, L = 2.2uF (TOKO DFE201210S-2R2M,

127mQ, 2.0mm x 1.2mm x 1.0mm), Tp = +25°C, unless otherwise noted.)

2.08

2.07

2.06

OUTPUT VOLTAGE (V)

2.05

2.04

2.03

SBBO0 LOAD REGULATION
(Vsgro = 2.05V, PER DRIVE STRENGTH)
toc1
IP_SBB0 =3, Vi _spg = 3.7V DRV SBB =0
CsBgo_eFFECTIVE = SHF DRV _SBB =1
DRV_SBB = 2;
DRV_SBB =3
g
i g
\ 8
e
\ w
0.1 1 10 100 1000
OUTPUT CURRENT (mA)

Vearr (V)

EFFICIENCY (%)

5.0
4.5
4.0
35
3.0
2.5
2.0
1.5
1.0
0.5
0.0

88
86
84
82
80
78
76
74
72
70

CHARGE PROFILE, 110mAh BATTERY

toc1

Vpq =3V, Ipq=10%

88
86
84
82
80
78
76
74
72
70

lFAST-CHG = 75MA, VEasT.cHe = 4.2V
‘ e

/

leatr (A) \

HSTATE TO SHOW

THE RESTART \
[JBEHAVIOR ] i
|

[
BATTERY LOADED /(

DURING THE 'DONE' \

0.0

1.0 2.0

TIME (hr)

3.0

SBB2 EFFICIENCY vs. OUTPUT CURRENT

(Vsgg2 = 2.5V, PER INPUT VOLTAGE)

1oc20

DRV_SBB=0,IP_SBB2=3
CspB2_eFFeCTIVE = SHF

[~V s88 = 5.5V

Vin_sss = 4.2V
v

Vin sgs = 3.7V
Vin_sss = 5.0V

Vi_ses = 3.0V

V\N,SBB =28V

0.1

1 10 100
OUTPUT CURRENT (mA)

www.maximintegrated.com

1000

SBB1 EFFICIENCY vs. OUTPUT CURRENT
(Vsggrs = 1.2V, PER DRIVE STRENGTH)

toc16

CHARGE PROFILE, 40mAh BATTERY

loci7

5.0
IP_SBB1=3, Vy_sgg = 3.7V DRV SBB =0 Vpq =3V, Ipq=10%
Csgpt erreCTVE=8MF oy opp=q | 45 Tleastcarce = 30mA, Veasrcrarce = 4.2V
- 40 r——
DRV_SBB=2 - . /
DRV_SBB=3 | 35 |H—Vearr(V)
_. 30
/’—_J/ =S
E 25
= é lsaTr (A) l/
//_’:”"_’7‘__—/ 20
15 U BATTERY LOADED /\
5 DURING THE 'DONE'
1.0 HISTATE TO SHow
THE RESTART \
0.5 [HBEHAVIOR N
2 | A
0.1 1 10 100 1000 0.0 1.0 2.0 3.0
OUTPUT CURRENT (mA) TIME (hr)
SBB2 LOAD REGULATION
(Vsay = 3.3V, PER INPUT VOLTAGE)
0.150 338 toct
DRV_SBB=0, IP_SBB2=3 B
0.135 CspB2_EFFECTIVE = 3HF Vin_sga = 5.5V
0.420 3.36 Vin_sgs = 5.0V
’ Vin_sg = 4.2V
0.105 S Ju Vi sgp =37V
0.090 Q
< art ViN_sBB = 2.8V
0075 S 3
- =
0.060 2
= -~ RNl
0.045 3 ¥
0.030 328
- 0.015
0.000 3.26
0.1 1 10 100 1000
OUTPUT CURRENT (mA)
SBB2 LOAD REGULATION
(Vgmao = 2.5V, PER INPUT VOLTAGE)
258 toc21
DRV_SBB=0,IP_SBB2=3
- or Vinses = 5.5V
g5p |CSEBEFFECTVE = Su Vi sss= 5.0V
Vin_sss = 4.2V
- Vi sps = 3.7V
=
g - Vi s30=28V)|
> IN_sB8 = 2.
5
S 25
z
po}
T ——
5 250
°
e
248
246
0.1 1 10 100 1000
OUTPUT CURRENT (mA)

0.060

- 0.054

0.048
0.042
0.036
0.030

Iy

0.024 ~

0.018
0.012
0.006
0.000
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MAX77650/MAX77651 Ultra-Low Power PMIC with 3-Output SIMO
and Power Path Charger for Small Li+

Typical Operating Characteristics (continued)

(Typical Application Circuit, VoHagIN = OV, Vsys = VIN sBB = 3.7V, VeaTT = 3.7V, V|0 = 1.8V, L = 2.2uF (TOKO DFE201210S-2R2M,
127mQ, 2.0mm x 1.2mm x 1.0mm), T = +25°C, unless otherwise noted.)

SBBO0 EFFICIENCY vs. OUTPUT CURRENT

SBB0 LOAD REGULATION
(Vspgo = 2.05V, PER INPUT VOLTAGE) (Vsaan = 2.05V, PER INPUT VOLTAGE)
88 loc22 209 toc23
DRV_SBB =0, IP_SBB0 =3 ' DRV_SBB =0, IP_SBB0 =3
=gF Lt - P Vin srr=5.5V
86 [CseBo_erreCTivE = SuF CsBro EFFECTIVE = 51F Vin sra=5.0V
84 208 Vin srr =42V
_ Vi srr=3.7V
= 8 I = |
s & 201 Vin srr = 3.0V
=
5 8 — = Vi sgp =28V
& Vin_seg = 3.7V ]
s 8 | g
& 5
w76 [Vinssz=42V %
Vin_s = 3.0V ]
™ Iy ss =28V
72 [Vin_sBB=5.0V
ViN_sBB = 5.5V
70
0.1 1 10 100 1000 01 1 10 100 1000
OUTPUT CURRENT (mA) OUTPUT CURRENT (mA)
SBB0 EFFICIENCY vs. OUTPUT CURRENT SBB0 LOAD REGULATION
(Vgggo = 1.85V, PER INPUT VOLTAGE) (Vsggo = 1.85V, PER INPUT VOLTAGE)
88 toc24 1.89 toc25
DRV_SBB =0, IP_SBB0 =3 DRV_SBB =0, IP_SBB0 =3 v =55V
IN_sB8 = 5.
86 [Cspso_grreCTVE=OMF  ——— CspBo_eFFECTIVE = SHF v S50V
1.88 IN_sBB = 9-UV. |
84 A VN seg=4.2V
7 s Vin sgs=3.7V
B =\ ML = g7 nsee= 01
g 80 = T T % ViN_sgB = 2.8V
i Vin sgs = 3.7V Q 186 =
S 8 A R I = ————""\
[T p}
[T o
W76 [Vin_ses=4.2V 5 e b NN
ViN_sgs = 3.0V © \
& Vin_ssg = 2.8V 184
72 FVin se=5.0V. ’ N
Vin_sBB = 5.5V
70 1.83
0.1 1 10 100 1000 0.1 1 10 100 1000
OUTPUT CURRENT (mA) OUTPUT CURRENT (mA)
SBB0 EFFICIENCY vs. OUTPUT CURRENT SBB0 LOAD REGULATION
(Vsgro = 1.5V, PER INPUT VOLTAGE) (Vsgro = 1.5V, PER INPUT VOLTAGE)
88 toc26 154 toc27
DRV_SBB =0, IP_SBBO = 3 "~ [oRv_sBB=0,IP_SBBO=3 . oossy
86 [Csgeo EFFeCTIVE=6UF — —————— CsgBo EFreCTIVE = 6UF Vin s8 = 5.0V
1.53 _ i
84 VN seg=4.2V
= Vi sgg = 3.7V
s 8 S 152 |
= ? ViN sBB = 2.8V
§ 80 5
o 151 ~—=\
S c
& E
w7 b Vin sg =4.2V—H 5 150
ViN sBg = 3.0V ©
WV V, =28V——
V\N SBB-SOV 149 .
bl Nsee=50V_ | || |
ViN_sBB = 5.5
70 148
0.1 1 10 100 1000 0.1 1 10 100 1000
OUTPUT CURRENT (mA) OUTPUT CURRENT (mA)
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MAX77650/MAX77651 Ultra-Low Power PMIC with 3-Output SIMO
and Power Path Charger for Small Li+

Typical Operating Characteristics (continued)

(Typical Application Circuit, VoHagIN = OV, Vsys = VIN sBB = 3.7V, VeaTT = 3.7V, V|0 = 1.8V, L = 2.2uF (TOKO DFE201210S-2R2M,
127mQ, 2.0mm x 1.2mm x 1.0mm), T = +25°C, unless otherwise noted.)

SBB1 EFFICIENCY vs. OUTPUT CURRENT SBB1 LOAD REGULATION
(Vsgrq = 1.2V, PER INPUT VOLTAGE) (Vsgme = 1.2V, PER INPUT VOLTAGE)
88 toc28 1.24 toc29
o VN sBe = 3.7V DRV_SBB =0, IP_SBB1=3 (D:RV7$BB =0, |P7§BE1 =3 Vin sgs =55V,
—C ZBF - = =
Vi sop = 4.2V SBB1_EFFECTIVE = 8 1.23 OB FrTETVE " A Vin s88= 5.0V |
84 Vi spe=3.0 Vin seB=4.2V
ViN_ssg = 2.8V = ViN se =37V
< 82 [V ssa=50V R
& = Q
S Vin_sBg = 5.5V A = V)N sgg = 2.8V
i S 12 —
S 18 5 ——\\\
[T
o
L7 5 12 R
o
" \
119
72 vT
70 118
0.1 1 10 100 1000 0.1 1 10 100 1000
OUTPUT CURRENT (mA) OUTPUT CURRENT (mA)
SBB1 EFFICIENCY vs. OUTPUT CURRENT SBB1 LOAD REGULATION
(Vsgrt = 1.0V, PER INPUT VOLTAGE) (Vggr1 = 1.0V, PER INPUT VOLTAGE)
88 toc3! 1.04 toc31
Vin_sBg = 3.7V DRV_SBB =0, IP_SBB1=3 DRV_SBB=0, IP_SBB1=3 Vin 585 = 5.5V
8 I —Csga1_errecTive = BUF m Cspa1_grreCTIVE = BWF Vin_ssg = 5.0V
1.03 - Cous T
84 |Vinsss=4.2V ViN_seg = 4.2V
Vin sgg = 3.0V ~ Vin sgg=3.7V
5 82 V) spe=2.8 g 1.02 -
g ViN_sBB = 5.0V =4 ViN sgg = 2.8V
S 80 | 5
Z ViN_ssg = 5.5V )
>
o T8 5
[T
TR O . %
74
72
70
0.1 1 10 100 1000 0.1 1 10 100 1000
OUTPUT CURRENT (mA) OUTPUT CURRENT (mA)
SBB1 EFFICIENCY vs. OUTPUT CURRENT SBB1 LOAD REGULATION
88 toc32 0.84 toc3:
DRV_SBB=0,P_SBB1=3 " . DRV_SBB=0,IP_SBB1=3] | |V saa=55V
86 [Cssat eFrECTVE= 9MF T 083 CsBa1_grreCTIVE = 9F V)N sgg = 5.0V
84 Vin seg=4.2V__ : ViN sBa =4.2V |
ViN_sgg = 3.0V = ViN B8 =3.7V|
S & Viy sgp = 2.8V = 082 4
Iy 80 Vin_seg =50V | % Vin sg = 2.8V
e ViN_sBB = 5.5V 3 o8t ,
w = K
S 18 5 \
[T
o
B 7 5 080
o
" \
0.79
72
70 0.78
0.1 1 10 100 1000 0.1 1 10 100 1000
OUTPUT CURRENT (mA) OUTPUT CURRENT (mA)
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MAX77650/MAX77651 Ultra-Low Power PMIC with 3-Output SIMO
and Power Path Charger for Small Li+

Typical Operating Characteristics (continued)
(Typical Application Circuit, VcHgIN = OV, Vays = VIN_sBB = 3.7V, VBaTT = 3.7V, V|0 = 1.8V, L = 1.5uF, Tp = +25°C, unless otherwise noted.)

SIMO LINE TRANSIENT SBB2 LOAD TRANSIENT
toc34 toc35
L=2.2uH v 4.9y ss0= lsas1 = lsgr = 10mA 33V Cogay grr=6pF
Vseg 50mV/div
v 3.2V -'\‘-._~: .
IN_SBB 1Vidiv IP_SBBx SET TO500mA
LOW-POWER MODE
IP_SBB2 = 866mA Vsgs, = 3.3V, Csggy err =61F
IP_SBB1 = 500mA Vagsr =12V, Csgar_rr =BuF 12V Cogpy_grr=84F Isga1 = 10mA
IP_SBBO = 707mA, Vsggo =2.05V, Cspgo grr = SHF Vseat b ASAASRANNNA, LY. \\\‘\\\‘\\ SSAMNNN 50mv/div
) " K 205V Cgggy grr=5pF Isgap = 10MA
Va2 \\\\ \,\\ \\\ ’\,\\\ 50mV/div V80 fn AN R MRS 50mV/div
Vg1 Somvidiv SomA
X | W 10mA d
| | I sBB2 Mesimesmmmnniiiminmasen 100mA/div
Vsggo \P\N\ \'J\\J\Nh S0mV/div
10us/div AQusfdiv
SBB1 LOAD TRANSIENT SBB0 LOAD TRANSIENT
toc36 toc37
33V Coagp e =61F Isgg2= 10mA 33V Cepgygrr=6uF + - Isgg2= 10mA
Vsazz AN AV AN Somvidiv Vsezz AV AN S0mvidiv
IP_SBBx SET TO 500mA IP_SBBx SET TO 500mA
LOW-POWER MODE ] LOW-POWERMODE
v 1.2V Csppr_grr =84F v | 12V Coggyerr=8uF | lsser=10mA
SBB1 -VLW- i A LN k‘h“hm\‘kuu h.\n" k‘L‘ 50mV/div SBB1 M\lmﬁk\l\‘:q‘l‘\k\hwk‘\.hwh\l.. L“MNLV\,‘-‘ h\l\i @‘)\.\m‘ll\\ 50mV/div
2,05V Uspgo_grF =opi Isgao = 10mA 2.05V Cepao,ErF =5uF
Vsaan I\ SRR AN RSNV SAN NN v Vo ENNAL T NN somvidiv
100mA o :
10mA 4 . 10mA
lsagt . R 100mA/div Issao 100mA/div
40us/div 40us/div
SIMO SWITCHING WAVEFORMS SIMO SWITCHING WAVEFORMS SIMO SWITCHING WAVEFORMS
LIGHT UTILIZATION 10mA PER CHANNEL VIEDIUM UTILIZATION 25mA PER CHANNEL HEAVY UTILIZATION 75mA PER CHANNEL
toc38 toc39 toc40

L

1500mA/div

—

500mA/div

'IP_SBB2 = 866mA,Vsga2=3.3V, Csppo grr=3UF | V, \ \ \\ \\ \ \ \ 1 50mV/div
P_SBB2 = 500mA Vgsp=33V, Csps grr =3uF REITR R \ ssBzfl \ 13| : \

Vipaf s o e e [T T somyidiv Vsesa \ \ \ \ \ 50mV/div P 3531’1000"1AVSBB1 1.2V, Cspg1 grr=8uF
IP_SBB1 = 500mA Vgg1 = 1.2V, Cspa1 grr =B81F Va5 = S00MA Vs =121 s e BHF Vs 50mvidiv

Vsasi v 50mVi/div 5881 J 4 SOmV/div 1P_SBB2 = 1000mA Vagao= 206, Cspao_£FF=5HF
IP_SBB2 = 500mA Vggo=2.05, G =5uF IP_SBB2 = 707mA Viggo= 205, C 5uF 7 :

L S Sy el S IV ) Sy _&’JSB% SRR ] somviaiv Vsseo N\j\\f\jw\\[\\f‘ S0mVdiv

Aus/dw 4ps/div 4ps/div
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MAX77650/MAX77651

Ultra-Low Power PMIC with 3-Output SIMO
and Power Path Charger for Small Li+

Typical Operating Characteristics (continued)

(Typical Application Circuit, VcHgIN = OV, Vays = VIN_sBB = 3.7V, VBaTT = 3.7V, V|0 = 1.8V, L = 1.5uF, Tp = +25°C, unless otherwise noted.)

LDO LOAD REGULATION
195 - - . ‘ — 1.95
193 Vipo TARGET VOLTAGE = 1.85V 193
1.91 39 Viioo 1.91
’ 4.2ViN oo ’
1.89 5.5 Vi Loo 1.89
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Ultra-Low Power PMIC with 3-Output SIMO
and Power Path Charger for Small Li+

Typical Operating Characteristics (continued)

(Typical Application Circuit, VcHgIN = OV, Vays = VIN_sBB = 3.7V, VBaTT = 3.7V, V|0 = 1.8V, L = 1.5uF, Tp = +25°C, unless otherwise noted.)

45
43
41
39
37
35
33
31
29
27
25

Vearr (V)

CHGIN SUPPLY CURRENT
vs. CHGIN VOLTAGE
18 - ‘tocA
Isys = 0mA Vratr=2.7V
18 Ve RISING Vaarr = 3.6V
Vearr = 4.4V
14
12 7 A
T 10
=
2 08
o
0.6
04
0.2
0.0
35 40 45 50 55 6.0 65 70 75 80 85
Verein (V)
BATT BIAS CURRENT vs. BATT
10 toc50
CHARGER DISABLED
9 Wehaw =5V Ta = +85°C
Ta=+25°C
8 Ty =-40°C
7
g 6 —
2 5 A
£
- 4 S
N
2
1
0
25 3.0 35 4.0 45
Vgarr (V)

IcHGIN (LA)

Ros-on (Q)

100
90
80
70
60
50
40
30
20
10

0

0.16

0.15

0.14

0.12

0.1

0.10

0.09

0.08

CHGIN SUPPLY CURRENT
vs. CHGIN VOLTAGE

toc4

Verain RISING
USB SUSPENDED

—/

35 4.0 45 5.0 55 6.0
Vere (V)

SYS TO BATT IMPEDANCE

tocs

lgaTT = 10mA—]
IgaTT = 100mA
lgatr = 300mA—]

A

\‘

N

T~

2.5 3.0 35 4.0 45 5.0

Varr (V)

SYS LOAD TRANSIENT
CHARGE PROFILE, 40mAh BATTERY CHARGE PROFILE, 110mAh BATTERY CAUSING BATTERY SUPPLEMENT
10052 (050 45 0653 150 o
Vpq =3V, Ipg = 10% Vpa =3V, Ipg = 10% 125mA ICHGIN_LIM = 95mA
— s =
|FAST—CHAI‘?GE =30mA, VrasT-cHARGE = 4.2V 0045 43 |FAST—CHG‘ =90mA, Vrast-chHg = 4.2V 0135 IcHan= 30mA
[ f 0.040 41 - ~ I 0.120 VSYS_REG =45V
Vearr(v) L~ Vearr (V) p Isys fommet omA 100mAVdi
/Y‘/ 0035 39 K’/ 0.105 mAEY
IgaTT (A 95mA
: 000 _  _ 37 w7 0080 _ i o 1
lear (A) l\ 05 £ E o35 \ 0075 £ loon 0mA 100mAVdiv
s & - S 30
& 2 i o mA DISCHARGING
\ 0.020 33 |—parrery \ 0.060 | e omA o
i LOADED DURING BATT |fsss e ——————— )y
\ 0.015 34 EyAste 0.045 ~~30mA CHARGING —
N \ 0010 29 |—SsTATE TO SHow N 0030 Veys 43V : Vidiv
THE RESTART
\ 0.005 27 |—penavior \ 0.015 37V
0.000 25 : : 0.000
00 05 10 15 20 25 0.0 05 10 15 20 25 1ms/div
TIME (hr) TIME (hr)

www.maximintegrated.com

Maxim Integrated | 33



MAX77650/MAX77651

Typical Operating Characteristics (continued)

Ultra-Low Power PMIC with 3-Output SIMO
and Power Path Charger for Small Li+

(Typical Application Circuit, VcHgIN = OV, Vays = VIN_sBB = 3.7V, VBaTT = 3.7V, V|0 = 1.8V, L = 1.5uF, Tp = +25°C, unless otherwise noted.)
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Pin Configuration

Ultra-Low Power PMIC with 3-Output SIMO

and Power Path Charger for Small Li+

TOP VIEW
(BUMP SIDE DOWN)
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Bump Description

PIN | NAME | FUNCTION TYPE
TOP LEVEL
Active-Low Enable Input. nEN supports push-button or slide-switch configurations. An external S
A2 NEN" 1 bullup resistor (10kQ to 100kQ) to SYS is required. digital input
c2 nIRQ Active-Low, Open-Drain Interrupt Output. Connect a 100kQ pullup resistor between nIRQ and a digital output
voltage equal to or less than Vgys.
B2 ARST Active-Low, Open-Drain Reset Output. Connect a 100kQ pullup resistor between nRST and a digital output

voltage equal to or less than Vgys.

Active-High Power Hold Input. Assert PWR_HLD to keep the on/off controller in its on through
A1 PWR_HLD | on/off controller state. If PWR_HLD is not needed, connect it to SYS and use the SFT_RST bits | digital input
to power down the device.

PCB.

B1 GPIO General-Purpose Input/Output. The GPIO 1/O stage is internally biased with V. digital I/0
C4 Vio I2C Interface and GPIO Driver Power power input
B4 SCL I2C Clock digital input
A3 SDA I2C Data digital /0
c3 GND Quiet Ground. Connect GND to PGND, LGND, and the low-impedance ground plane of the ground

www.maximintegrated.com
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Ultra-Low Power PMIC with 3-Output SIMO

and Power Path Charger for Small Li+

Bump Description (continued)

PIN | NAME | FUNCTION TYPE
CHARGER
E1 CHGIN | Charger Input. Connect to a DC charging source. Bypass to GND with a 4.7uF ceramic capacitor. | power input
E2 SYS System Power Output. SYS provides power to the system resources as well as the control logic fout
of the device. Connect SYS to IN_SBB and bypass to GND with a 22uF ceramic capacitor. power outpu
E3 BATT Li+ Ba_ttery Cohnectlon. Connect to positive battery terminal. Bypass to GND with a 4.7uF power /0
ceramic capacitor.
Internal Charger 3V Logic Supply Powered from CHGIN. Bypass to GND with a 1uF ceramic
D1 Vi . power
capacitor. Do not load V|_ externally.
D3 TBIAS Thermistor Bias Supply. Connect a resistor equal to the NTC's room temperature resistance analo
between TBIAS and THM. Do not load TBIAS with any other external circuitry. 9
D2 THM Thermistor Monitor. Thermally couple an NTC to the battery and connect between THM and GND. | analog input
c1 AMUX Analog Multiplexer Output. Connect to system ADC to perform conversions on charger power analog output
signals.
LDO
B5 LDO Linear Regulator Output power output
B6 IN_LDO | Linear Regulator Input power input
RGB LED DRIVER
A6 LEDO C.urr.ent Sink Port 0. LEDO is typically con.nected to the cathode of an LED and is capable of power
sinking up to 12.5mA. Connect to ground if unused.
Current Sink Port 1. LED1 is typically connected to the cathode of an LED and is capable of
AS LED1 sinking up to 12.5mA. Connect to ground if unused. power
Ad LED2 C.urrlent Sink Port 2. LED2 is typically conrllected to the cathode of an LED and is capable of power
sinking up to 12.5mA. Connect to ground if unused.
B3 LGND Current Sink Ground. Connect LGND to GND, PGND, and the low-impedance ground plane of ground
the PCB.
SIMO BUCK BOOST
E4 IN_SBB SIMO'Power Input. ConneF:t IN_SBB to SYS ar?d bypass to PGND with a 10uF ceramic power input
capacitor as close as possible to the IN_SBB pin.
c6 SBBO SIMO Buck-Boost Output 0. SBBO is the power output for channel 0 of the SIMO buck-boost. ower outout
Bypass SBBO to PGND with a 10uF ceramic capacitor. P P
D6 SBB1 SIMO Buck-Boost Output 1. SBB1 is the power output for channel 1 of the SIMO buck-boost. ower outout
Bypass SBB1 to PGND with a 10uF ceramic capacitor. P P
E6 SBB2 SIMO Buck-Boost Output 2. SBB2 is the power output for channel 2 of the SIMO buck-boost. ower outout
Bypass SBB2 to PGND with a 10uF ceramic capacitor. P P
SIMO Power Input for the High-Side Output NMOS Drivers. Connect a 3300pF ceramic capaci- .
s BST tor between BST and LXB. power input
Switching Node A. LXA is driven between PGND and IN_SBB when any SIMO channel is en-
D4 LXA abled. LXAis driven to PGND when all SIMO channels are disabled. Connect a 1.5uH inductor power |/O
between LXA and LXB.
Switching Node B. LXB is driven between PGND and SBBx when SBBx is enabled. LXB is
D5 LXB driven to PGND when all SIMO channels are disabled. Connect a 1.5uH inductor between LXA | power I/O
and LXB.
E5 PGND Power ground for the SIMO low-side FETs. Connect PGND to GND, LGND, and the low-imped- ground

ance ground plane of the PCB.
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Detailed Description

The MAX77650/MAX77651 provide a highly-integrated
battery charging and power management solution for low-
power applications. The linear charger provides a wide
range of charge current and charger termination voltage
options to charge various Li+ batteries. Temperature
monitoring and JEITA compliance settings add additional
functionality and safety to the charger. Four regulators
are integrated within this device (see Table 1). A single-
inductor, multiple output (SIMO) buck-boost regulator
efficiently provides three independently programmable
power rails. A 150mA LDO provides ripple rejection for
audio and other low-noise applications.

The system includes other features such as current sinks
for driving LED indicators and 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

Ultra-Low Power PMIC with 3-Output SIMO

and Power Path Charger for Small Li+

Support Materials

Support materials are available to assist engineering
teams in designing with this device. For example, a full
description of the register bits along with software advice
is available in the Programmer’s Guide. Visit the product
page at www.maximintegrated.com/MAX77650 and/
or contact Maxim for more information on support docu-
ments.

Top-Level Interconnect Simplified Diagram

Figure 1 shows the same major blocks as the Typical
Application Circuit 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 Applications
Circuit. 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.

REGULATOR REGULATOR | MAXIMUM loyt MAX77650 Voyr | MAX77651 Vour
S o ooy ) Vin RANGE (V) RANGE/ RANGE/
RESOLUTION RESOLUTION
. 0.8V to 2.375V in 0.8 to 2.375V in
SBBO SIMO Up to 300 271055 25m stons 25y stons
. 0.8V to 1.5875V in 2410525V in
SBB1 SIMO Up to 300 271055 12.5m stops S0m atops
) 0.8V t0 3.95V in 2410 5.25V in
SBB2 SIMO Up to 300 271055 Som etops S0m <tops
135V 10 2.9375Vin | 1.35 to 2.9375V in
LDO PMOS LDO 150 181055 12.5m stope 12.5m ston

*Shared capacity with other SBBx channels. See the SIMO Available Output Current section for more information.
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MAX77650/MAX77651 Ultra-Low Power PMIC with 3-Output SIMO
and Power Path Charger for Small Li+
MAX77650/MAX77651
SYSRST SIMO
CHARGER
and
MUX
LDO
—  CLK
1 VREF
1 VIREF
SYs SYSUVLO
MAIN BIAS SYSOVL0
AND CLOCK oo
|| POR CURRENT
ok [ SYSRST SINK
LI Fps ;
BIAS_EN
SBIA_LPM
100us/30ms
DEBOUNCE
] TIMER
tDBNC_nEN -
- AMUX
[T
TOP-LEVEL
DIGITAL
CONTROL nRST
100us
__| PWR_HLD GLITCH FILTER RST
tPWR_HLD_GF
nRQ|
IRQ_TOP »—]
SDA
10ns/30ms
DEBOUNCE COMM 2c
TIMER SCL
GPIO {DBNC_nEN

Figure 1. Top-Level Interconnect Simplified Diagram
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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

e \/oltage 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
* 165°C junction temperature shutdown
e Manual Reset
» 8s or 16s period
e \Wakeup Events
» Charger insertion (with 120ms debounce)
* nEN input assertion
e Interrupt Handler
* Interrupt output (nIRQ)
» Allinterrupts are maskable
e Push-button/Slide-Switch Onkey (nEN)
» Configurable push-button/slide-switch functionality
* 100ps or 30ms debounce timer interfaces directly
with mechanical switches
e On/Off Controller
« Startup/shut-down sequencing
» Programable sequencing delay
e PWR_HLD, GPIO, RST Digital I/Os

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 Vgys is below
VpoR, the device is held in reset (SYSRST = 1). When
Vsys 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 moni-
tors 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 Figure 4

www.maximintegrated.com
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and Table 2 for additional information regarding the UVLO
comparator:

e \When the device is in the STANDBY state, the UVLO
comparator is disabled.

e When transitioning out of the STANDBY 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 on
state; if there is insufficient input voltage, the device
transitions back to the STANDBY state.

SYS Overvoltage Lockout Comparator

The device is rated for 5.5V maximum operating voltage
(Vsys) 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 volt-
age is greater than VgysovLo- See Figure 4 and Table 2
for additional information regarding the OVLO comparator:

e \When the device is in the STANDBY state, the OVLO
comparator is disabled.

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 DBEN_nEN. 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 (nEN_R and
nEN_F) for alternate functionality. nEN requires an exter-
nal pullup resistor (10kQ to 100kQ) to SYS.

The nEN input can be configured to work either with a
push-button (nEN_MODE = 0) or a slide-switch (nEN_
MODE = 1). See Figure 2 for more information. In both
push-button mode and slide-switch mode, the on/off con-
troller 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 con-
troller is in the on via on/off controller state. The manual
reset function is useful for forcing a power-down in case
the communication with the processor fails. When nEN is
configured for a push-button mode and the input is assert-
ed (nEN = low) for an extended period (t{\RrsT), the on/off
controller initiates a power-down sequence and goes to
standby mode. When nEN is configured for a slide-switch
mode and the input is deasserted (nEN = high) for an
extended period (tmrsT), the on/off controller initiates a
power-down sequence and goes to standby mode.

A dedicated internal oscillator is used to create the 30ms
(tbBNC_nEN) and 16s (tmrsT) timers for nEN. Whenever
the device is actively counting either of these times, the
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supply current increases by the oscillator's supply current
(65uA when the battery voltage is at 3.7V). As soon as
the event driving the timer goes away or is fulfilled, the
oscillator automatically turns off and its supply current
goes away.

nEN Dual-functionality:

Push-Button vs. Slide-Switch

The nEN digital input can be configured to work with
a push-button switch or a slide-switch. The timing dia-
gram below shows nEN's dual functionality for power-on
sequencing and manual reset. The default configuration
of the device is push-button mode (nEN_MODE = 0) and
no additional programming is necessary. Applications
that use a slide-switch on-key configuration must set
nEN_MODE = 1 within tyRrSsT.

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 the device’s status. Refer to the
Programmer’s Guide for a comprehensive list of all inter-
rupt bits and status registers.

Ultra-Low Power PMIC with 3-Output SIMO

and Power Path Charger for Small Li+

A pullup resistor to a voltage less than or equal to Vgys
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 inter-
rupt 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 (trsTopD)- During a power-down sequence,
the nRST output asserts before any regulator is powered
down (tRsTOAD)- See Figure 5 for nRST timing.

A pullup resistor to a voltage less than or equal to Vgys
is required for this node.

Power Hold Input (PWR_HLD)

PWR_HLD is an active-high digital input. PWR_HLD has a
100us glitch filter (tpwwR HLD GF)- As shown in Figure 1, the
output of this glitch filter is logically ORed with the wakeup
signal coming from the charger to create a signal called
PWR_HLD?2 that drives the top-level digital control.

NOT DRAWN TO SCALE

STATE ‘ STANDBY POWER-ON SEQUENCE

ON | POWER-DOWN SEQUENCE

BATTERY
INSERTION ™

\‘ w0 (¢
Vsys |

<= 1DBNC_nEN

> toaNC neN oBNCEN > -
PUSH-BUTTON MODE

SYS BNCEN > -

— tvRST

H o 4/—?? r—\—[——????—!
_

- ] -

\ < tDBNC_nEN

<,j

SLIDE-SWITCH MODE

tMRsT —>

Figure 2. nEN Usage Timing Diagram
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e When there is no valid charge voltage at CHGIN

(CHGINPOK = 0):

» After the power-up sequence, the system proces-
sor must assert PWR_HLD within the PWR_HLD
wait time (tpwwr HLD WAIT) to hold the power
supply in the on state. If the PWR_HLD input is
not asserted within the tpywr HLD WAIT period, a
power-down sequence is initiated.

* While in the on state, the system processor must
assert PWR_HLD as long as power is required. If
the system processor wants to turn off, it can either
pull PWR_HLD low or it can write the SFT_RST
bits to execute the SFT_CRST or SFT_OFF func-
tions to execute the power-down sequence.

e |[f there is a valid charge voltage at CHGIN
(CHGINPOK = 1):
* The charger sends a wakeup signal to the on/off
controller which is also logically ORed with PWR_
HLD to assert PWR_HLD2. PWR_HLD2 being
asserted satisfies the on/off controller such that the
PWR_HLD signal is a don't care.

See the Figure 7, Top-Level On/Off Controller section,
and Table 2 for additional information regarding PWR_
HLD. If the power hold function is not used, connect
PWR_HLD to SYS and then use the SFT_RST bits to
power the device down.

General-Purpose Input Output (GPIO)

A general-purpose input/output (GPIO) is provided to
increase system flexibility. See Figure 3 for the GPIO
Block Diagram.

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

e The push-pull output mode is ideal for applications that
need fast (~2ns) edges and low power consumption.

www.maximintegrated.com
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e The open-drain mode requires an external pullup
resistor (typically 10kQ—100kQ). Connect the external
pullup resistor to a bias voltage that is less than or
equal to V|po.

* 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 sever-
al 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).

The general-purpose input (GPI) functions are still avail-

able while the pin is configured as a GPO. In other words,

the DI (input status) bit still functions properly and does
not collide with the state of the DIR bit.

Set DIR to disable the output drivers associated with the
GPO and have the device function as a GPI. The GPI
features a 30ms debounce timer (tpgne gpi) that can be
enabled or disabled with DBEN_GPI.

e Enable the debounce timer (DBEN_GPI = 1) if the
GPl is connected to a device that can bounce or
chatter (like a mechanical switch).

e |f the GPI is connected to a circuit with clean logic
transitions and no risk of bounce, disable the
debounce timer (DBEN_GPI = 0) to eliminate unnec-
essary 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
(toBNC Gp1) debounce timer. Whenever the device is
actively counting this time, the supply current increases
by the oscillator's supply current (65uA when the battery
voltage is at 3.7V). As soon as the event driving the timer
goes away or is fulfilled, the oscillator automatically turns
off and its supply current goes away.
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SYS
H DRV
H DR
H DO
H GPI_RM Vio
CNFG_GPIO H GPLFM
H DBNC_EN
DI |
GPI R
GPIF E}
Ha DR1 DRV
nRQ
] R READ |
(GPLR) 30ms DEBOUNCE GPIO
(toBNC_GPI)
Ha DRt DR
OTHER nIRQ ASSERTION LOGIC E}
o—— DO
SOURCES NOT SHOWN R« READ |
(GPLF) GND
R &

Figure 3. GPIO Block Diagram

Maskable rising and falling interrupts (GPI_R and GPI_F) edge interrupt and mask the rising edge interrupt

are available to signal a change in the GPI’s status. (GPI_RM =1, GPI_FM = 0).

e To interrupt on a rising edge only: unmask the rising e Tointerrupt on either rising or falling edge: unmask
edge interrupt and mask the falling edge interrupt (GPI_ both rising and falling edge interrupts (GPI_RM =0,
RM = 0, GP|_FM = 1). GPI_FM = 0). Consult the Register Map for more

e To interrupt on a falling edge only: unmask the falling details.
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On/Off Controller

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

Many systems have one power management controller
and one processor and rely on the on/off controller to be
the master controller. In this case, the on/off controller
receives the wakeup events and enables some or all of
the regulators in order to power up a processor. That pro-
cessor then manages the system. To conceptualize this
master operation see Figure 4 and Table 2. A typical path
through the on/off controller in master mode is:

e Start in the no power state.

e Apply a battery to the system and transition through
path 1 and 2 to the standby state.

e Press the system's on key (nEN = low) and transition
through path 3A and 4 to the "PWR_HLD?" state.

e The processor boots up and drives PWR_HLD high,
which drives the transition through path 4C to the on
through the on/off controller state.

e The device performs its desired functions in the on
through on/off controller state. When it is ready to turn
off, the processor drives PWR_HLD low that drives the
transition through path 5B and 8 to the standby state.

www.maximintegrated.com
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Some systems have several power management blocks,
a main processor, and subprocessors. These systems
can use this device as a subpower management block for
a peripheral portion of circuitry as long as there is an 12C
port available from a higher level processor. To concep-
tualize this slave operation, see Figure 4 and Table 2. A
typical path through the on/off controller in slave mode is:

e Start in the no power state.

e Apply a battery to the system and transition through
path 1 and 2 to the standby state.

e When the higher level processor wants to turn on this
device's resources, it enables the main bias circuits
through 12C (SBIA_EN = 1) to transition along path
2A to the on through software state.

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

e When the higher level processor is ready to turn
this device off, it turns off everything through 12C
and then disables the main bias circuits through 12C
(SBIA_EN = 0) to transition along path 2B to the
standby state.

Note that in this slave style of operation, the SFT_RST

bits should not be used to turn the device off. The SFT_

RST bits establish directives to the on/off controller itself

that does not make sense in slave mode. In slave mode,

since the 12C commands enable the device's resources,
they should also disable them.
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ACTION
‘a POWER-ON
RESET (POR)
TRANSITION NAME.
SEE TABLE 2

A
[ ENABLE MAIN BIAS | [ ENABLEMAINBIAS | | DISABLE MAIN BIAS |
@® @ ® ® G $
POWER UP POWER DOWN IMMEDIATE
—3)>—»| SEQUENCE SEQUENCE SHUTDOWN
(FIGURE 5) (FIGURE 5) (FIGURE 5)
A A

»—"

(10)

@

ON VIA
SOFTWARE

ON VIA ON/OFF
CONTROLLER

Figure 4. Top-Level On/Off Controller
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Table 2. On/Off Controller Transition/State

TRANSITION/STATE CONDITION
0 System voltage is below the POR threshold (Vgys < VpoR)-
1 System voltage is above the POR threshold (Vgys > VpoR)-
2 Internal signals and on-chip memory stabilize and the device is released from reset.
The device is waiting for a wake-up signal or an 12C command to enable the main bias circuits.
* This is the lowest current state of the device (I ~0.3pA).
STANDBY ) MaII:I bias circuits ar.e off,_ POR comparator is on.
I2C is on when V|g is valid.
* Peripheral functions (LDO, SIMO, LEDs, AMUX) do not operate in this state because the main bias circuits
are off. To utilize a function enter the on through software or on through on/off controller states.
2A Main bias circuits enabled through 12C (SBIA_EN = 1).
2B Main bias circuits disabled through 12C (SBIA_EN = 0).
ON VIA The main bias circuits are enabled through software and all peripheral functions (LDO, SIMO, LEDs, AMUX)
SOFTWARE* can be manually enabled or disabled through 12C.
A wake-up signal has been received.
* A debounced onkey (nEN) falling edge has been detected (DBNEN = 1) or
3 * A charge source has been applied and a rising edge on CHGIN has been detected and debounced
(tcHGIN-DB ~120ms) or
* Internal wake-up flag has been set due to SFT_RST = 0b01 (WKUP = 1)
3A Main bias circuits are OK (BOK = 1)
4 Power-up sequence complete.
4A PWR_HLD wait time has expired and PWR_HLD2 is low (t > tpywyr HLD waIT && PWR_HLD2 = 0).
4B PWR_HLD wait time has not expired and PWR_HLD2 is low (t < tpy)yRr HLD waAIT && PWR_HLD2 = 0).
4Cc PWR_HLD2 =1

ON VIA ON/OFF
CONTROLLER*

On state.

* All flexible power sequencers (FPS) are on.

* The main bias circuits are enabled.

* Iq ~5.6pA (typ) with all regulators enabled (no load) and the main bias circuits in low power mode.

5A

PWR_HLD2 =1

5B

PWR_HLD2 =0 OR

System overtemperature lockout (T >ToTLQ) or

Software cold reset (SFT_RST[1:0] = 0b01) or

Software power off (SFT_RST[1:0] = 0b10) or

Manual reset occurred. See the nEN Manual Reset section for more information.

System overtemperature lockout (T >ToT1LQ) Or
System undervoltage lockout (Vsys < VsysuvLo + VSYsuvLO_HYS) Of
System overvoltage lockout (Vsys > VsysovLo)

System undervoltage lockout (Vsys < VsysuvLo) or
System overvoltage lockout (Vgys > VsysovLo)
Note: The overvoltage lockout transition does not apply to the ON VIA SOFTWARE state.

Finished with the power-down sequence.

Finished with immediate shutdown.

10

System overtemperature lockout (T > ToTL0)-

1"

Done disabling main bias.

12

Done enabling main bias.
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POWER-UP SEQUENCE

START
FROM TOP LEVEL #3A

[ CLEAR WAKEUP FLAGS |

FPS ENABLE SLOT 0

FPS ENABLE SLOT 1

FPS ENABLE SLOT 2

FPS ENABLE SLOT 3

WAIT tRSTODD

DE-ASSERT nRST

END
TO TOP LEVEL #4

IMMEDIATE SHUTDOWN

START
FROM TOP LEVEL #7

SET THE APPROPRIATE BIT IN THE EVENT
RECORDER REGISTER (ERCFLAG) TO INDICATE
THE SOURCE OF THE POWER DOWN EVENT.

ASSERT nRST

[ DISABLE FPS3, FPS2, FPST,FPS0_|

RESET DEVICE
(PULSE SYSRST FOR 5ys)

END
TO TOP LEVEL #9

POWER-DOWN SEQUENCE
START FROM TOP LEVEL
#4A OR #5B

CLEAR WAKEUP
FLAG (WKUP =0)

TEMPERATURE IS
NOT OKAY

(Ty>ToTLO0)

TEMPERATURE IS OKAY
(Tu<ToTLO)

SFT_RST = 0b00

SFT_RST = 0b01 OR PWR_HLD2 =1

SFT_RST =0b10
ORPWR_HLD2=0

SET WAKEUP
FLAG (WKUP = 1)

SET THE APPROPRIATE BIT IN THE EVENT
RECORDER REGISTER (ERCFLAG) TO INDICATE
THE SOURCE OF THE POWER DOWN EVENT.

ASSERT nRST

WAIT tRSTOAD
FPS DISABLE SLOT 3

FPS DISABLE SLOT 2

FPS DISABLE SLOT 1

FPS DISABLE SLOT 0

RESET DEVICE
(PULSE SYSRST FOR 5ys)

v

\ 4
END RETURN BACK T
TO TOP LEVEL #8 THE ON STATE

D

Figure 5. Power-Up/Power-Down Sequence
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Flexible Power Sequencer

The flexible power sequencer (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 and pow-
er-down delays (sequencing). Figure 6 shows four resources
powering up under the control of flexible power sequencer.

Ultra-Low Power PMIC with 3-Output SIMO

and Power Path Charger for Small Li+

The flexible sequencing structure consists of 1 master
sequencing timer and 4 slave resources (SBBO, SBB1,
SBB2, and LDO). When the FPS is enabled, a master
timer generates four sequencing events for device power-
up and power-down.

NOT DRAWN TO SCALE

ENFPS
—> r<— teN SAME FOR ALL FPS ENABLE PULSES

tpis SAME FOR ALL FPS DISABLE PULSES
l—
tois = 2x ten

A
pLsFPS f 0 w s

FPS RESOURCES / / / /

[

LDO ’

SBB1 I

SBB2 I

Figure 6. Flexible Power Sequencer Basic Timing Diagram
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NOT DRAWN TO SCALE

ON THROUGH ON/OFF
STATE ‘ NO POWER ‘ POR STANDBY POWER-UP SEQUENCE PWR_HLD? CONTROLLER

BATTERY
INSERTION ™.

|

£ » )
|
|

[€4 «
Vsys / Vpor~1.9V

A
‘/ 4— tpor~100us —»

/ —> [« tBNC_nEN {DBNC_nEN —>]  *—
! 2 %2
nEN Ny
2 NOTE 1 NOTE2--""
STAT_EN | ]
nEN_F |
R L 4 {SBIAEN ‘
BIAS EN —__INTERNAL WAKE-UP
(INTERNAL) < SIGNAL NOTE 3

N FPSO FPS1 FPS2 FPS3
\ <N P tEN P tEN >

REGULATORS A/ / — / /

nIRQ /“

«tl\asTODD*
nRST RS BN
———tPWR_HLD_WAT—T—,

|
SYSTEM R l—'_'—|‘
SOFTWARE . |

T
|
I
I
I
-
I
|
|
|
I
I
I
[
|
|
|
I
I
I
I
I
|
|
T
I
| |
! |
Il
|
|
|
I
I
Il
I
I
|
|
|
I
I
T
I
|
|
|
I
T
I
I
I
|
|
T
I
I

S S e
PWR_HLD N !
NOTES:  1-nENLOGIC INPUT IS CONFIGURED TO PUSH-BUTTON MODE AND HAS AN EXTERNAL PULLUP TO SYS. 4 !
2~ nEN ASSERTION RESULTS IN A WAKE-UP EVEN AFTER A DEBOUNCE TIME (toBNCEN). NOTE // v notE
3~ INTERNAL WAKE-UP SIGNAL CAN ALSO BE GENERATED BY CHARGER PLUG-IN EVENT. 5 =%

4 —nIRQ HAS AN EXTERNAL PULLUP TO Vio WHICH IS ENABLED IN FLEXIBLE POWER SEQUENCER SLOT #1

5 - SYSTEM PROCESSOR ASSERTS PWR_HLD INPUT TO PLACE THE DEVICE IN THE ON THROUGH ON/OFF CONTROLLER STATE.
6 — AS PART OF ITS INITIALIZATION ROUTINE, SOFTWARE READS THE INTERRUPT REGISTERS (CLEAR ON READ) AND PROGRAMS THE INTERRUPT MASKS AS DESIRED.

Figure 7. Startup Timing Diagram Due to nEN
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STATE CHGIN DEBOUNCE ‘ ‘ POWER-UP SEQUENCE PWR_HLD? ON THROUGH ON/OFF C:éNTROLLER PRE-QUAL FAST CHARGE (CC) TOP-OFF (CV) DONE

CHARGER

+ CHGINOK=1
INSERTION ™+, _

T

|

|

|

|

|

I

I

|

|
OVJT

1 T T
| | |
| ! |
| |
: L
I i o w
47 : = — B8
VCHGIN | | | | ES=]
4l | | ! 5=
v | | 1
| I pS VSYSREG | I L
| T « T T \ il
| ! VFAST-CHG —— ! ! =
1 I I 1 | fart
| | : -
Vsys I o B " I I I i o
[+——tcHGIN-DB (~120ms) —> | Vsvsuno-29V ! ! ! ! %
| ~ VPoR~2.0V ! ! 1 ! 2
: /| ! v ‘ Ll
INTERNAL CHARGER GENERATED | VRASTORG T [ ! - &
.- WAKE SIGNAL I I | I 5]
Vi -~ NOTE3 ! ! i | ! >
" | o e | | B
; ) A ' ! | =
! « ¢ 0 NoTE4 | i !
| | | ! 1
,,,,,, I
1 VFASH:HGH‘* : c
I I | w
| | | I3
I I I 2
| | | ©
AT ! , ! | g
| TOPIOPFQF %
| y ) (=]
T 2 1
| NOTE 5 ™
1 ey
| >
I
! CHG_EN=1
! ? CHARGER ENABLED
nEN |
I
FPSO  FPST  FPS2  FPS3 i
) ) ) ) } NOTES: 1 - nEN LOGIC INPUT IN CONFIGURED TO PUSH-BUTTON MODE AND HAS AN
e e oy e e | ‘ EXTERNAL PULLUP TO SYS.
REGULATORS }/ V V V « 2-IF PWR_HLD IS NOT ASSERTED BY THE END OF THE tpwR_HLD_waIT PERIOD, DEVICE
INITIATES A POWER-DOWN SEQUENCE.

f f f
| ! ! 3-IF CHG_EN = 1 (@ OTP) THEN THE CHARGER ENABLED EVENT COINCIDES WITH THE WAKE
—» —tspaen ! EVENT (CHARGING START ALONG WITH POWER-UP SEQUENCE).
\ | R — —> |
RST | {Rsro0D '—f_v_?e 4 -THIS INFLECTION POINT IS SYMBOLIC OF BATTERY PROTECTION FET CLOSING
n

! : 5~ SOFTWARE SETS CHG_EN = 1 TO ENABLE CHARGING. IF CHG_EN = 1 AT OTP, SEE NOTE 3.
‘Hf PWR_HLD_WAIT —
| |

! : ----BLUE DOTTED LINES ARE USER INITIATED EVENTS

PWR_HLD2 NOTE2---____ ! 2

Figure 8. Startup Timing Diagram Due to Charge Source Insertion
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Debounced Inputs (nEN, GPI, CHGIN)

nEN, CHGIN, and GPIO (when operating as an input), are
debounced on both rising and falling edges to reject unde-
sired transitions. The input must be at a stable logic level
for the entire debounce period for the output to change its
logic state. Figure 9 shows an example timing diagram for
the nEN debounce.

Thermal Alarms and Protection

The device has thermal alarms to monitor if the junction
temperature rises above 80°C (Tyar 1) and 100°C (TyaL2)-

Ultra-Low Power PMIC with 3-Output SIMO

and Power Path Charger for Small Li+

Over-temperature lockout (OTLO) is entered if the junc-
tion temperature exceeds ToTLo (approximately 165°C,
typ). OTLO causes transition 10 in Figure 4 which causes
resources to immediately shutdown from the on via on/
off controller state. Resources may not enable until the
temperature falls below ToTLo by approximately 15°C.

The TJAL1_S and TJAL2_S status bits continuously
indicate the junction temperature alarm status. Maskable
interrupts are available to signal a change in either of
these bits. Refer to the Programmer’s Guide for details.

STABLE
BOUNCINGIS  SIGNAL IS
REJECTED ACCEPTED

SRR G

STABLE
BOUNCING IS ~ SIGNALS IS
REJECTED ACCEPTED

S G

nEN

—> <— fppuF

EN
(INTERNAL)

U

—> <— topuF

U

DBEN toeNCEN — -

toBNCEN — B -

(INTERNAL)

Figure 9. Debounced Inputs
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Smart Power Selector Charger

The linear Li+ charger implements power path with
Maxim's smart power selector. This allows separate input
current limit and battery charge current settings. Batteries
charge faster under the supervision of the smart power
selector because charge current is independently regu-
lated 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 (OmA to 475mA)
supports a range of charge sources, including USB. The
charger's programmable battery regulation voltage range
(3.6V—4.6V) supports a wide variety of cell chemistries.
Small battery capacities are supported; the charger accu-
rately terminates charging by detecting battery currents as
low as 0.375mA.

Ultra-Low Power PMIC with 3-Output SIMO

and Power Path Charger for Small Li+

Additionally, the robust charger input withstands overvoltag-
es up to 28V. To enhance charger safety, an NTC thermis-
tor provides temperature monitoring in accordance with the
JEITA recommendations. See the Adjustable Thermistor
Temperature Monitors section for more information.

Features

e 7.25V maximum operating input voltage with 28V
input standoff

e 7.5mA to 300mA programmable fast-charge current

e Programmable termination current from 0.375mA to
45mA

e Programmable battery regulation voltage from 3.6V

to 4.6V

< 1pA battery-only supply current

Instant-on functionality

Analog multiplexer enables power monitoring

JEITA battery temperature monitor adjusts current

and battery regulation voltage for safe charging

e Programmable die temperature regulation

DC CHGIN

sYs (4.1V-4.8)

INPUT J_ J_J_

—y T —

CHARGE
— | CONTROLLER

[

HEH| L

1

200F ——

SYSTEM LOADS

HOLIMS
AQOg

ViL

>
BATT

I

1uF TEMPERATURE
MONITORS

AGND

[T
[

Li+——— J_
TBIAS A % I

THM NTC e

ANALOG MUX

||}—

AMUX

—

V4

P> TO SYSTEM ADC

D a—

Figure 10. Linear Charger Simplified Block Diagram
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Charger Symbol Reference Guide Figure 11 indicates the high-level functions of each control
Table 3 lists the names and functions of charger-specific circuit within the linear charger.

signals and if they can be programmed through 12C.
Consult the Electrical Characteristics and Programmer’s
Guide for more information.

Table 3. 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 VCHGIN_MIN[2:0]
ICHGIN-LIM CHGIN input current limit Yes, through ICHGIN_LIM[2:0]
VsSYS-REG SYS voltage regulation target Yes, through VSYS_REGJ[4:0]
Vsvys-MIN Minimum SYS voltage regulation setpoint No, tracks Vgys-REG
VEAST-CHG Fast-charge constant-voltage level Yes, through CHG_CV[5:0]
IFAST-CHG Fast-charge constant-current level Yes, through CHG_CCJ[5:0]
Ipq Prequalification current level Yes, through |_PQ
Vpaq Prequalification voltage threshold Yes, through CHG_PQ[2:0]
ITERM Termination current level Yes, through I_TERM[1:0]
TJ-REG Die temperature regulation setpoint Yes, through TJ_REG[2:0]
tpq Prequalification safety timer No
trc Fast-charge safety timer Yes, through T_FAST_CHG[1:0]
tto Top-off timer Yes, through T_TOPOFF[2:0]
BODY-
SWITCH
CHGIN A SYs
i ': VSYS-MIN
D < =)
ICHGIN-LM ] Vsys- 2
cHe-LM INPUT SYSRES CHARGE CONTROLLER = §
CONTROLLER 2=
VCHGIN-MIN —> —
VCHGIN_OVP X
VCHGIN_UVLO |
FAST-CHG
DIE TEMP VFAST-CHG P
MONITOR | 1 oo | Vra reson
BATT
TIMER
tPa
trc
tro

Figure 11. Charger Simplified Control Loops
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Smart Power Selector

The smart power selector seamlessly distributes power
from the input (CHGIN) to the battery (BATT) and the sys-
tem (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, the sys-
tem regulates to Vgys.Reg to power system loads
regardless of the battery's voltage (instant on).

e \When the system load current exceeds the input cur-
rent limit, the battery provides additional current to
the system (supplement mode).

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

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

Input Current Limiter

The input current limiter limits CHGIN current so as not to
exceed ICHGIN-LIM (programmed by IcHGIN_LIM[2:0]). A
maskable interrupt (CHGIN_CTRL_) is available to signal
when the input current limit engages. The state of this
loop is reflected by the ICHGIN_LIM_STAT bit.

The input circuit is capable of standing off 28V from
ground. CHGIN suspends power delivery to the sys-
tem and battery when VcHgIN exceeds VCHGIN OVP
(7.5V typical). The input circuit also suspends when
VcHaIN falls below VoHgIN uvLo minus 500mV of hys-
teresis (3.5V typical). While in OVP or UVLO, the charger
remains off, and the battery provides power to the system.

When an valid charge source is connected to CHGIN,
SYS begins delivering power to the system after a 120ms
debounce timer ({cHGIN-DB)-

A maskable interrupt (CHGIN_I) signals changes in the
state of CHGIN's voltage quality. The state of CHGIN is
reflected by CHGIN_DTLS[1:0].

Minimum Input Voltage Regulation

In the event of a poor-quality charge source, the mini-
mum input voltage regulation loop works to reduce input
current if VoHgIN falls below VcHGIN-MIN (Programmed
by VCHGIN_MIN[2:0]). This is important because many
commonly used charge adapters feature foldback protec-
tion mechanisms where the adapter completely shuts off
if its output droops too low. The minimum input voltage

www.maximintegrated.com
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regulation loop also prevents Vgoygin 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 regu-
lation loop also allows the charger to perform well with
adapters that have poor transient load response times.

A maskable interrupt (CHGIN_CTRL_I) signals when the
minimum input voltage regulation loop engages. The state
of this loop is reflected by VCHGIN_MIN_STAT.

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 load-
ing. The loop engages when the combined battery charge
current and system load current causes the CHGIN input
to current-limit at IcygIN-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 Vsys.miN (VSYS-REG
- 100mV typical). 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 automati-
cally reenables the minimum system voltage loop when
the supplement event has ended.

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

Die Temperature Regulation

In case the die temperature exceeds Tj.Rgg (pro-
grammed by TJ_REG[2:0]) the charger attempts to limit
the temperature increase by reducing battery charge
current. The TJ_REG_STAT bit asserts whenever charge
current is reduced due to this loop. The charger's cur-
rent sourcing capability to SYS remains unaffected when
TJ_REG_STAT is high. A maskable interrupt (TJ_REG _I)
asserts to signal a change in TJ_REG_STAT. It is advis-
able that the TJ_REG_|I interrupt be used to signal the
system processor to reduce loads on SYS to reduce total
system temperature.
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Charger State Machine bitfield, CHG_DTLS[3:0], reflects the charger's current
operational state. A maskable interrupt (CHG_I) is avail-

The battery charger follows a strict state-to-state progres- | >
able to signal a change in CHG_DTLSJ3:0].

sion to ensure that a battery is charged safely. The status

CHGIN INVALID
(CHGIN_DTLS{1:0] = 0600 or 0b01)
OR

CHGIN INSERTED
(CHGIN_DTLS[1:0] = 0b10)

CHARGER DISABLED
(CHG_EN = 0) CHARGER OFF DE-BOUNCE
= CHG_DTLS][3:0] = 0b0000 CHG_DTLS[3:0] = 0b0000
CHG=0 CHG=0

CHGIN DE-BOUNCED

THM_EN =1 TIME ELAPSED >= g
AND RETURNS TO SAME STATE WHEN: (CHGIN DSTLsm .O]tiH(%':ﬁB
CHG_EN=1 THM_EN =0 - '
AND OR CHARGER ENABLED (CHG_EN = 1) TIME ELAPSED < tcHGIN-DB
(TBATT > THOT OR TBATT < TcoLD) (Teatr < THoT AND TeaTT > TooLn) AND

CHGIN DE-BOUNCED & VALID (CHGIN_DTLS[1:0] = 0b11)
AND

BATTERY LOW BY VRESTART (VBATT < VFAST-CHG — 150mV)

BATTERY TEMPERATURE

FAULT
CHG_DTLS[3:0] = 0b1100
CHG=0
TIMERS PAUSE IN THIS STATE, PREQUALIFICATION PREQUALIFICATION
RESUME ON EXIT. CHG_DTLS[3:0] = 0b0001  \TIME ELAPSED > tpq TIMER FAULT
CHG =1 CHG_DTLS[3:0] = 061010

IBATT= IPQ CHG=0

VBATT < VpQ - 100mV

VBATT > VPQ

VBATT < Vpq - 100mV

THM_EN =1 AND
(TBATT > TWARM OR TBATT < TcooL)

JEITA-MODIFIED ANY FAST-CHARGE OR

FAST-CHARGE (CC
FAST-CHARGE (CC) CHG_DTLS[3.0] = (gb0310 JEITA-MODIFIED FAST-CHARGE
CHG_DTLS[3:0] = 0b0011 - CHGl= 1 STATE
CHG =1 CHG_DTLS[3:0] = 0b0010-0b0101

IBATT = IFAST-CHG™

CHG =1

THM_EN=00R
(TBATT < TwARMAND TBATT > TcooL)

IBATT = IFAST-CHG_JEITA™

VBATT <
VFAST-CHG_JEITA

VBATT = VFAST-CHG_JEITA VBATT < VFAST-CHG VBATT = VFAST-CHG TIME ELAPSED* > tre

THM_EN =1 AND
(TBATT > TWARM OR TBATT < TcooL)

JEITA-MODIFIED

FAST-CHARGE

FAST-CHARGE (CV)

FAST-CHARGE (CV!
CHG_DTLS[3:0] = (gbm)m CHG_DTLS[3:0] = 0b0100 TIMER FAULT
- ' CHG =1 CHG_DTLS[3:0] = 061011
CHG =1 Lelel-

VBATT = VFAST-CHG

VBATT = VFAST-CHG_JEITA THM_EN =0 OR

(TBATT < TwARMAND TBATT > TcooL)

IBATT > ITERM IBATT < ITERM

IBATT < ITERM IBATT > ITERM

THM_EN = 1 AND
(TBATT > TwARM OR TBATT < TcooL)

AWOG) — OHO-LSV4) > LLvEA

JEITA-MODIFIED

VBATT < VFAST-CHG_JEITA - 150mV

TOP-OFF

TOP-OFF
CHG_DTLS[3:0] = 060111 CHG_DTLS[3:0] = 060110 *TIME ELAPSED IS AGGREGATED
CHG =1 CHG=1 THROUGHOUT THE FAST-CHARGE AND

JEITA-MODIFIED FAST-CHARGE
STATES. ALL FAST-CHARGE STATES
(REGARDLESS OF JEITA STATUS)
SHARE THE SAME SAFETY TIMER.

VBATT = VFAST-CHG

THM_EN=00R
(TBATT < TWARMAND TBATT > TcooL)

VBATT = VFAST-CHG_JEITA

TIME ELAPSED > tro

TIME ELAPSED > t1o

**IFAsT-cHG MAY BE REDUCED BY THE
MINIMUM INPUT VOLTAGE REGULATION
LOOP, THE MINIMUM SYSTEM VOLTAGE
REGULATION LOOP, OR THE DIE
TEMPERATURE REGULATION LOOP.

JEITA-MODIFIED DONE
CHG_DTLS[3:0] = 0b1001
CHG=0

DONE
CHG_DTLS[3:0] = 0b1000
CHG=0

THM_EN=00R
(TBATT < TwARMAND TBATT > TCOOL)

Figure 12. Charger State Diagram
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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 ©f VCHGIN > VCHGIN_OVP)-
While CHGIN is invalid, the battery is connected to the
system. CHGIN voltage quality can be separately moni-
tored by the CHGIN_DTLS[1:0] status bitfield. Refer to
the Programmer’s Guide for details.

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

The battery is fresh when CHGIN is valid and the charger
is enabled (CHG_EN = 1) and the battery is not low by
VRESTART (VBATT > VFAST-CHG - VRESTART)- The bat-
tery is disconnected from the system and not charged
while the battery is fresh. The charger state machine exits
this state and begin charging when the battery becomes
low by VRESTART (150mV typical). This condition is func-
tionally similar to done state. See Done State section.

Prequalification State

The prequalification state is intended to assess a low-volt-
age 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 |_PQ. The prequalifica-
tion voltage threshold (Vpq) is programmable through
CHG_PQ[2:0].

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 CHG_CCJ5:0].

When the cell voltage reaches VEasT-cHG, the charger
state machine transitions to fast-charge (CV). VFasT-
CHG is programmable with CHG_CV[5:0] from 3.6V to
4.6V. The charger holds the battery's voltage constant
at VFasT-cHg Wwhile in the fast-charge (CV) state. As
the battery approaches full, the current accepted by the
battery reduces. When the charger detects that battery
charge current has fallen below ITgrMm, the charger state
machine enters the top-off state.

www.maximintegrated.com
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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 sta-
tus. The timer length (tFc) is programmable from 3 hours
to 7 hours in 2 hour increments with T_FAST_CHG[1:0].
If it is desired to charge without a safety timer, program
T_FAST_CHG[1:0] with Ob0O0 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 events. The TIME_SUS bit indicates the status of
the fast-charge safety timer. Refer to the Programmer’s
Guide for more details.

Top-Off State

Top-off state is entered when the battery charge cur-
rent falls below ITgrMm during the fast-charge (CV) state.
ITERM is a percentage of IFasT-cHG and is program-
mable through |_TERMI[1:0]. While in the top-off state,
the battery charger continues to hold the battery's voltage
at VEaST-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 timer value (tTp) is programmable from 0 minutes
to 35 minutes with T_TOPOFF[2:0]. If it is desired to stop
charging as soon as battery current falls below ITErM,
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 VResTART (150mV typ) below the
programmed VFAST-CHG Vvalue.

Prequalification Timer Fault State

The prequalification timer fault state is entered when the
battery's voltage fails to rise above Vpq in tto (30 min-
utes typical) 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 (CHG_EN)
bit or unplug and replug the external voltage source con-
nected to CHGIN.

Maxim Integrated | 55


https://www.maximintegrated.com/en/app-notes/index.mvp/id/6428
https://www.maximintegrated.com/en/app-notes/index.mvp/id/6428
https://www.maximintegrated.com/en/app-notes/index.mvp/id/6428

MAX77650/MAX77651

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 (CHG_EN) or unplug and replug the external voltage
source connected to CHGIN.

Battery Temperature Fault State

If the thermistor monitoring circuit reports that the battery
is either too hot or too cold to charge (as programmed by
THM_HOTI[1:0] and THM_COLDI1:0]), 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
(THM_EN = 1). Battery temperature fault state has prior-
ity over any other fault state, and can be exited when the
thermistor is disabled (THM_EN = 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. Active timers resume when the state is exited.

Ultra-Low Power PMIC with 3-Output SIMO
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The THM_DTLS[2:0] bitfield reports battery tempera-
ture status. See the Adjustable Thermistor Temperature
Monitors section and refer to the Programmer’s Guide for
more information.

JEITA-Modified States

If the thermistor is enabled (THM_EN = 1), then the char-
ger state machine is allowed to enter the JEITA-modified
states. These states are entered if the charger's tem-
perature monitors indicate that the battery temperature
is either warm (greater than Tywarm) or cool (lesser 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 to IFAST-CHG_JEITA @and
VEAST-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 tempera-
tures. If the battery temperature returns to normal, or the
thermistor is disabled (THM_EN = 0) the charger exits the
JEITA-modified states.

Typical Charge Profile

A typical battery charge profile (and state progression) is
illustrated in Figure 13.

(V) (mA)
5 CHGIN L 500
SYS
Vsys-REG=4.5V — —|— BATT
VFAST-CHG=4.25V ——— &
4 - 400
3 | IFAST-CHG = 300mA L 200
~——Vpq=2.3V
2 4 / L 200
1 L 100
tro |
l == Ip@=30mA ITERM=30mA——————=
' »! (TIVE)
LAl FAST-CHARGE (CC) | FAST-CHARGE (CV) |TOP-OFF | DONE | CHGIN
! T ! ! ! ! ' INVALID
PREQUALIFICATION

Figure 13. Example Battery Charge Profile
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Charger Applications Information

Configuring a Valid System Voltage

The smart power selector begins to regulate SYS to
Vsys-Reg When CHGIN is connected to a valid source. 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 to reduce to satisfy the 200mV requirement. If
this happens, the charger asserts the SYS_CNFG_| inter-
rupt to alert the user that a configuration error has been
made and that the bits in CHG_CV[5:0] have changed to

reduce VEAST-CHG-

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 device. Larger values
increase decoupling for the linear charger, but increase
inrush current from the DC charge source when the
device 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

www.maximintegrated.com
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10uF). The effective value of the CHGIN capacitor must
be greater than 1uF when biased with 5V.

Bypass SYS to GND with a 22uF ceramic capacitor.
This capacitor is needed to ensure stability of SYS while
it is being regulated from CHGIN. Since SYS must be
connected to IN_SBB, then one capacitor can be used
to bypass this node as long as it is physically close to
the device. Larger values of SYS capacitance increase
decoupling for all SYS loads. When biased with 4.5V, 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 is required to ensure stability of the BATT
voltage regulation loop. When biased with 4.5V, the effec-
tive value of the BATT capacitor must be greater than 1puF.

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 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 manufac-
turer's data sheet.
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Adjustab|e Thermistor Temperature enables the charger to operate safely over the JEITA tem-
Monitors perature range. When the thermistor is enabled (THM_EN

i . i = 1), the charger continuously monitors the voltage at the
The optional use of a negative temperature coeffi-

) g THM pin in order to sense the temperature of the battery
cient (NTC) thermistor (thermally coupled to the battery) being charged.

(
)
MAX77650/
MAX77651 1.25V CHG_CV[5:.0] — D0
1 >— VFAST-CHG
TBIAS A\i\c CHG_CV_JEITA[5:0] — D1

T

TBIAS SWITCH CHG_CC[5:0] — DO
§ RBiAs

CONTROL
(FIGURE 16) ] IFAST-CHG

CHG_CC_JEITA[5:0] —{D1

THM

2 NTC THM_COLDI1:0]

THM_COOL[1:0]

INTERNAL COOL/WARM SIGNAL
THM_DTLS[2:0] = 06000 OR 0b101 (NTC
DISABLED OR BATTERY NORMAL).
CHARGER V&I PARAMETERS FOLLOW
NORMAL SETTINGS.

THM_DTLS[2:0] = 06010 OR 0b011
(BATTERY COOL OR WARM). CHARGER
V&I PARAMETERS SWITCH TO JEITA
SETTINGS.

0b0

0Ob1

195

THVLWARMT:0] INTERNAL HOT/COLD SIGNAL

THM_DTLSJ[2:0] # 0b001 OR 0b100
(BATTERY NOT COLD OR HOT). CHARGER
V&I PARAMETERS FOLLOW NORMAL OR
JEITA SETTINGS.

(S THM_DTLSJ[2:0] = 0b001 OR 0b100
0b1 | (BATTERY COLD OR HOT). CHARGING IS
PAUSED REGARDLESS OF CHG_EN.

0b0

THM_HOT(1:0]

;

Figure 14. Thermistor Logic Functional Diagram
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See Figure 15 for a visual example of what is described
here in text.

e |f the battery temperature is higher than TcooL and
lower than TywarM, the battery charges normally with
the normal values for VFasT-cHG and IFasT-cHG- The
charger state machine does not enter JEITA-modified
states while the battery temperature is normal.

e If the battery temperature is either above T\waRM
but below THoT, or, below TcooL but above TcoLp,
the battery charges with the JEITA-modified volt-
age and current values. These modified values,
VFAST-CHG_JEITA and IFAST-CHG_JEITA, are pro-
grammable through CHG_CV_JEITA[5:0] and
CHG_CC_JEITA[5:0], respectively. These values are
independently programmable from the nonmodified
VEAST-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.

Ultra-Low Power PMIC with 3-Output SIMO
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e [f the battery temperature is either above THoT or below
TcoLD, the charger follows the JEITA recommendation
and pauses charging. The charger state machine enters
battery temperature fault state while charging is paused
due to extreme high or low temperatures.

The battery's temperature status is reflected by the

THM_DTLS[2:0] status bitfield. A maskable interrupt

(THM_I) signals a change in THM_DTLS[2:0]. Refer to

the Programmer’s Guide for more information. To com-

pletely disable the charger's automatic response to bat-
tery temperature, disable the feature by programming

THM_EN = 0.

The voltage thresholds corresponding to the JEITAtemper-
ature thresholds are independently programmable through
THM_HOTI[1:0], THM_WARM[1:0], THM_COOL[1:0], and
THM_COLDI[1:0]. Each threshold can be programmed
to one of four voltage options spanning 15°C for an
NTC beta of 3380K. See the Configurable Temperature
Thresholds section and refer to the Programmer’s Guide
for more information.

44V +— EXAMPLE TEMPERATURES
. FORNTC B = 3380K
= THM_COLD[1:0] = 0b10 (0°C)
& 43yl THM_COOL[1:0] = 0b11 (15°C)
= THM_WARM[1:0] = 0b10 (45°C)
S THM_HOT[1:0] = 0b11 (60°C) VFAST-CHG = 4.2V
g vt (CHG_CV[5:0] = 0b011000)
=
S
3 VFAST-CHG_JEITA =4.075V
g 4V (CHG_CV_JEITA[5:0] = 0b010011)
e e -
=
= COLD CooL NORMAL WARM HOT
40V +— : —— : : |
-40°C -25°C 0°C 15°C 25°C 45°C 60°C 75°C 85°C
Tcolp TcooL TWARM THoT
BATTERY TEMPERATURE
IFAST-CHG = 150mA
(CHG_CC[5:0] = 0b010011)
— 015 T
<
=
&
Z 01 IFAST-CHG_JEITA = 75mA
3 (CHG_CC_JEITA[5:0] = 0b001001)
R S it
£ 0051
I
Q
b COLD CcooL NORMAL WARM HOT
= 0 | | | | | | |
T T T T T T 1
-40°C -25°C 0°C 15°C 25°C 45°C 60°C 75°C 85°C
TcoLp TcooL TWARM THoT
BATTERY TEMPERATURE

Figure 15. Safe-Charging Profile Example
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Thermistor Bias

An external ADC can optionally perform conversions on
the THM and TBIAS pins to measure the battery's tem-
perature. An on-chip analog multiplexer is used to route
these nodes to the AMUX pin. The operation of the analog
multiplexer does not interfere with the charger's tempera-
ture monitoring comparators or the charger's automatic
JEITA response. See the Analog Multiplexer & Power
Monitor AFEs section for more information.

THERMISTOR BIASED

TBIAS = 1.25V

MUX_SEL # 0b0111 or 0b1000
AND
(THM_EN = 0 OR CHGIN INVALID)

MUX_SEL = 0b0111 or 0b1000
OR
(THM_EN =1 AND CHGIN VALID)

THERMISTOR OFF

TBIAS = GND

Figure 16. Thermistor Bias State Diagram
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The NTC thermistor's bias source (TBIAS) follows the
simple operation outlined below:

If CHGIN is valid and the thermistor is enabled
(THM_EN = 1), then the thermistor is biased so the
charger can automatically respond to battery tem-
perature changes.

If the analog multiplexer is connecting THM or
TBIAS to AMUX, then the thermistor is biased so an
external ADC can perform a meaningful temperature
conversion.

The AMUX pin is a buffered output. The operation of the
analog multiplexer and external ADC does not collide with
the function of the on-chip temperature monitors. Both
functions may be used simultaneously with no ill effect.

Configurable Temperature Thresholds

Temperature thresholds for different NTC thermistor beta
values are listed in Table 4. The largest possible program-
mable temperature range can be realized by using an NTC
with a beta of 3380K. Using a larger beta compresses the
temperature range. The trip voltage thresholds are pro-
grammable with the THM_HOT[1:0], THM_WARM][1:0],
THM_COOL[1:0], and THM_COLDI1:0] bitfields. All pos-
sible programmable trip voltages are listed in Table 4.

These are theoretical values computed by a formula.
Refer to the particular NTC's data sheet for more accurate
measured data. In all cases, select the value of Rg|as to
be equal to the NTC's effective resistance at +25°C.

Table 4. Trip Temperatures vs. Trip Voltages for Different NTC 8

TRIPVOLTAGE TRIP TEMPERATURES (°C)

(V) 3380K 3435K 3940K 4050K 4100K 4250K
1.024 -10.0 9.5 5.6 4.8 4.5 35
0.976 -5.0 -4.6 1.1 0.5 0.2 0.6
0.923 0.0 0.3 33 3.8 4.1 48
0.867 5.0 5.3 7.7 8.1 8.3 8.9
0.807 10.0 10.2 12.0 12.4 12,5 12.9
0.747 15.0 15.1 16.4 16.6 16.7 17.0
0.511 35.0 34.8 335 33.3 33.2 32.9
0.459 40.0 39.8 37.8 37.4 37.3 36.8
0.411 45.0 447 42.0 415 413 40.7
0.367 50.0 496 46.2 456 453 446
0.327 55.0 54.5 50.4 497 493 48.4
0.291 60.0 59.4 54.6 53.7 53.3 52.2

www.maximintegrated.com

Maxim Integrated | 60



MAX77650/MAX77651

TBIAS

Raias

THM

NTC ( S

Figure 17. Thermistor Circuit with Adjusting Series and Parallel
Resistors
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Thermistor Applications Information

Using Different Thermistor 8

If an NTC with a beta larger than 3380K is used and the
resulting available programmable temperature range is
undesirably small, then two adjusting resistors can be
used to expand the temperature range. Rg and Rp can
be optionally added to the NTC thermistor circuit shown
in Figure 17 to expand the range of programmable tem-
perature thresholds.

Select values for Rg and Rp based on the information
shown in Table 5.

NTC Thermistor Selection
Popular NTC thermistor options are listed in Table 6.

Table 5. Example Rs and Rp Correcting Values for NTC  Above 3380K

PARAMETER UNIT DESIGN TARGET CASE CASE 1 CASE 2 CASE 3
NTC thermistor beta K 3380 3940 4050 4250
25°C NTC resistance 10 10 47 100
RBIAS 10 10 47 100
Adjusting parallel resistor, Rp open open 200 open 680 open 1300
Adjusting series resistor, Rg KO short short 0.62 short 3.3 short 9.1
RNTC at 1.024Vco p threshold 45.24 4524 5785 | 2126 3061 4524  684.8
RNTC at 0.867Vcoo threshold 22.61 2261 2488 | 1063 1227 2261 2647
RNnTC at 0.459VyyaRMm threshold 5.81 5.81 5.36 27.3 251 58.1 51.7
RNTC at 0.291Vyor threshold 3.04 3.04 2.46 143 | 1127 304 22.0
TacTuAaL at VcoLp (-10°C expected) -10.03 -5.56 -9.96 -482 -11.14 -355 -10.46
TacTuaL at VcooL (5°C expected) oc 4.98 7.66 5.76 8.10 5.33 8.86 5.94
TacTuAL at Viwarm (40°C expected) 40.02 37.79  39.76 @ 3743 | 3940 36.82 39.48
TacTuAaL at VHoT (60°C expected) 60.04 5456 @ 60.37 @ 53.68 @ 60.02 52.21 60.4
Table 6. NTC Thermistors
MANUFACTURER PART B(-gsegligoAcb;T R (Q) AT 25°C CASE SIZE
TDK NTCG063JF223HTBX 3380K 22k 0201
Murata NCP03XH103F05RL 3380K 10k 0201
Murata NCP15XH103F03RC 3380K 10k 0402
TDK NTCG103JX103DT1 3380K 10k 0402
Cantherm CMFX3435103JNT 3435K 10k 0402
Murata NCP15XV103J03RC 3900K 10k 0402
Panasonic ERT-JZEP473J 4050K 47k 0201
Panasonic ABNTC-0402-473J-4100F-T 4100K 47k 0402
Murata NCP15WF104F03RC 4250K 100k 0402
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Analog Multiplexer & Power Monitor AFEs

An external ADC can be used to measure the chip's vari-
ous signals for general functionality or on-the-fly power
monitoring. The MUX_SEL[3:0] bitfield controls the inter-
nal analog multiplexer responsible for connecting the
proper channel to the AMUX pin. Each measurable signal
is listed below with its appropriate multiplexer channel.
The voltage on the AMUX pin is a buffered output that
ranges from OV to Vg (1.25V typ). The buffer has a
50pA quiescent current draw and is only active when the

Table 7. AMUX Signal Transfer Functions

Ultra-Low Power PMIC with 3-Output SIMO
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device's main bias is active and a channel is selected
(MUX_SEL[3:0] # 0b0000). Disable the buffer by pro-
gramming to MUX_SEL[3:0] to Ob0000 when not actively
converting the voltage on AMUX.

Table 7 shows how to translate the voltage signal on the
AMUX pin to the value of the parameter being measured.

See the Electrical Characteristics—Analog Multiplexer and
Power Monitor AFEs table and refer to the Programmer’s
Guide for more details.

FULL-SCALE ZERO-SCALE
MUX_SEL SIGNAL SIGNAL
SIGNAL [3:0] TRANSFER FUNCTION MEANING MEANING
(Vamux =1.25V) (Vamux = 0V)
i \
CHGIN pin | 5001 Vv - _AMUX_ 7.5V oV
voltage CHGIN GVCHGIN
i \Y)
CHGIN pin |~ 0010 | - _AMUX_ 0.475A 0A
current CHGIN GICHGIN
i \
BATT PN | 510011 Ve e = —AMUX 46V oV
voltage BATT GVBATT
BATT pin
chargi?wg 0b0100 | = X x 100% of IFasT-CHG 0% of
current BATT(CHG) VEg FAST - CHG (CHG_CCJ[5:0]) IFAST-CHG
H 0,
BATT pin _ (Vamux=VnuL) 100% of 0% of
discharge 0b0101 IBATT(DISCHG) = ¥ v X |p|SCHG - SCALE IDISCHG-SCALE IDISCHG-SCALE
current ( FS™ NULL) (IMON_DISCHG_SCALE[3:0])
BATT pin
discharge 0b0110 VNULL = Vamux 1.25V oV
current NULL
THM pin
voltage 0b0111 V1M = VAMUX 1.25V ov
TBIAS pin
voltage 0b1000 V1Bias = VaMux 1.25V oV
AGND pin
voltage* 0b1001 VaeND = VAMUX 1.25V ov
i \%)
SYSpin | o41010 Vave = ~AMUX 4.8V oV
voltage SYS Gysys

*AGND pin voltage is accessed through a 100Q (typ) pulldown resistor. Setting MUX_SEL[3:0] to 0b0000 disables the multiplexer
and changes the AMUX pin to a high-impedance state.

www.maximintegrated.com

Maxim Integrated | 62



https://www.maximintegrated.com/en/app-notes/index.mvp/id/6428
https://www.maximintegrated.com/en/app-notes/index.mvp/id/6428

MAX77650/MAX77651

Measuring Battery Current

It is possible to sample the current in the BATT pin 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 8 outlines how to determine
the direction of battery current.

Method for Measuring Discharging Current

e Program the multiplexer to switch to the discharge
NULL measurement by changing MUX_SEL[3:0] to
0b0110. A NULL conversion must always be per-
formed first to cancel offsets.

e Wait the appropriate channel switching time (0.3us
typ).

e Convert the voltage on the AMUX pin and store as
VNULL-

e Program the multiplexer to switch to the battery
discharge current measurement by changing MUX_
SEL[3:0] to 0b0101. A nonnulling conversion should
be done immediately after a NULL conversion.

e Wait the appropriate channel switching time (0.3us

typ).

Table 8. Battery Current Direction Decode

Ultra-Low Power PMIC with 3-Output SIMO

and Power Path Charger for Small Li+

e Convert the voltage on AMUX pin and use the following
transfer function to determine the discharge current.

_ (Vamux - Vau
lsaTT(DISCHG) = * IpISCHG - SCALE
(VFs~VauLL)

VEg is 1.25V (typ). IpISCHG-SCALE is programmable
through IMON_DISCHG_SCALE[3:0]. The default value

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

Method for Measuring Charging Current

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

e Wait the appropriate channel switching time (0.3us
typ).

e Convert the voltage on the AMUX pin and use the fol-
lowing transfer function to determine charging current.

Vamux

VFs
VEs is 1.25V (typ). IFasT-CcHG the charger's fast-charge

constant-current setting and is programmable through
CHG_CCI5:0].

lsaTT(CHG) = * IFAST - CHG

CHARGING OR DISCHARGING INDICATORS

MEASUREMENT
CHG BIT CHG_DTLS[3:0] CHGIN_DTLS[1:0]

Discharging Battery Current 0b00
(Positive Battery Terminal Sourcing Current Don't care Don't care 0b01

into the BATT pin of MAX77650/MAX77651) 0b10
Charging Battery Current

(Positive Battery Terminal Sinking Current from 1 0b0001-0b0111 0b11

the BATT pin of MAX77650/MAX77651)
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SIMO Buck-Boost

Ultra-Low Power PMIC with 3-Output SIMO
and Power Path Charger for Small Li+

SIMO Benefits and Features

The device has a micropower single-inductor, multiple-out- o
put (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 o
better total system efficiency than equivalent power solu-
tions using one buck and linear regulators.

3 Output Channels

Ideal for Low-Power Designs

» Delivers > 300mA at 1.8V from a 3.7V Input

» +3% Accurate Output Voltage

Small Solution Size

* Multiple Outputs from a Single 1.5uH (0603) Inductor
* Small 10uF (0402) Output Capacitors

) . - . ° i
The SIMO configuration utilizes the entire battery voltage FIex'lbIe and Easy to Use.
. - + Single Mode of Operation
range due to its ability to create output voltages that are . Proarammable Peak Inductor Current
above, below, or equal to the input voltage. Peak induc- . Programmable On-Chip Active Discharae
tor current for each output is programmable to optimize 9 . P 9
.y ) e Long Battery Life
the balance between efficiency, output ripple, EMI, PCB - High Efficiency, > 87% at 3.3V Output
design, and load capability. ’ oo
9 P y » Better Total System Efficient than Buck + LDOs
* Low Quiescent Current, 1pA per Output
* Low Input Operating Voltage, 2.7V (min)
3300pF
1.5uH (o|z<i1>
— YY)
i
LXA X8 BST
MAX77650/MAX77651 ’
| — IN_SBB MAIN POWER STAGE SYNCHRONOUS RECTIFIER
4 = REVERSE
104F _L BLOCKING
(0402) T~ | PGND v SBBO _
- 1 © =
= = _| J_wd_ < BST L 10pF
DRV_SBB | ; (0402)
W0
Izx
ERROR COMPARATOR
| DRV_SBB > M2 M4 E {REGO [ <I|A }
CHG > —
ACTIVE-DISCHARGE
- E u
- = = [[AD_SBBO>——— 1 (1400)
SBB1 _
] [ 1Lm __che SYNCHRONOUS R >
~ | [ 12X SIMO L o RECTIFIER (M3_1) - 10uF
REG[2:0] - AND DRV_SBB —— (0402)
[VREF CONTROLLER  —{  DIS_SBB[2:] ERROR COMPARATOR =
VIREF AND
l I ACTIVE-DISCHARGE
DIGIT/-{L AND SYNCHRONOUS B2 . >
COMM REGISTERS RECTIFIER (M3_2) L 10uF
[ Fps CNFG_SBB_TOP, AND T (a0
(TR CNFG_SBBX A, ERROR COMPARATOR -
= CNFG_SBBX_B AND
T ACTIVE-DISCHARGE

Figure 18. SIMO Detailed Block Diagram
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SIMO Control Scheme

The SIMO buck-boost is designed to service multiple out-
puts 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.

When the controller determines that a regulator requires
service, it charges the inductor (M1 + M4) until the peak
current limit is reached (I = Ip sBB)- 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 con-
troller 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.

SIMO Soft-Start

The soft-start feature of the SIMO limits inrush current dur-
ing startup. The soft-start feature is achieved by limiting
the slew rate of the output voltage during startup to dV/dtgg
(5mV/us typ).

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.

The current into the output capacitor (Icsgg) during soft-start is:

av :
lcsss = CspBgrgg  (Equation 1)

where Cgpp is the capacitance on the output of the regula-
tor, and dV/dtgg is the voltage change rate of the output.

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

| .l VsBBx
( CSBB LOAD)—VIN

N = £

(Equation 2)

where Icspg is from the calculation above, I pap is cur-
rent consumed from the external load, Vsggy is the output
voltage, and V| is the input voltage, ¢ is the efficiency of
the regulator.
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For example, given the following conditions, the peak
input current (ljy) during soft-start is ~71mA:

Given:

e Vyis 3.5V

e Vgpp2is 3.3V

e Cspp2 = 10puF

e dV/dtgg = 5mV/us

o R pap2 = 330Q (ILoap2 = 3.3V/330Q = 10mA)
o ¢is80%

Calculation:
o Icspg = 10pF x 5mV/ps (from Equation 1)
e Icspg = 50mA

(50mA + 10mA)S2Y

_ 3.5V
* In= 0.85
IIN~ 71TmA

SIMO Registers

Each SIMO buck-boost channel has a dedicated register
to program its target output voltage (TV_SBBx) and its
peak current limit (IP_SBBx). Additional controls are avail-
able for enabling/disabling the active discharge resistors
(ADE_SBBx), as well as enabling/disabling the SIMO
buck-boost channels (EN_SBBXx). For a full description of
bits, registers, default values, and reset conditions, refer
to the Programmer’s Guide.

(from Equation1)

SIMO Active Discharge Resistance

Each SIMO buck-boost channel has an active-discharge
resistor (Rap sBBx) that is automatically enabled/dis-
abled based on a ADE_SBBx and the status of the SIMO
regulator. The active discharge feature can be enabled
(ADE_SBBx = 1) or disabled (ADE_SBBx = 0) indepen-
dently for each SIMO channel. Enabling the active dis-
charge feature helps ensure a complete and timely power
down of all system peripherals. If the active-discharge
resistor is enabled by default, then the active-discharge
resistor is on whenever Vgys is below VgysyvrLo and
above VpoR.

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

Note that when Vgysg is less than 1.0V, the NMOS transis-
tors that control the active discharge resistors lose their
gate drive and become open.
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SIMO Applications Information

SIMO Available Output Current

The available output current on a given SIMO channel is
a function of the input voltage, output voltage, peak cur-
rent limit setting, and the output current of the other SIMO
channels. Maxim offers a SIMO calculator that outlines
the available capacity for specific conditions. See Support
Materials for more information on this and other engineer-
ing resources. Table 9 is an extraction from the calculator.

Inductor Selection

Choose an inductance from 1.0uH to 2.2uH; 1.5uH induc-
tors work best for most designs. Larger inductances
transfer more energy to the output for each cycle and
typically result in larger output voltage ripple and better
efficiency. See the Output Capacitor Selection section for
more information on how to size your output capacitor in
order to control ripple.

Table 9. SIMO Available Output Current
for Common Applications

Ultra-Low Power PMIC with 3-Output SIMO

and Power Path Charger for Small Li+

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 sgg).
For example, if SBBO is set for 0.5A, SBB1 is set for
0.866A, and SBB2 is set for 1.0A, then choose the satura-
tion 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 currents for the system. For
systems where the expected load currents are not well
known, be conservative and choose the RMS current to
be greater than or equal to the half of higher maximum
peak current limit setting [IrRms>=MAX(IP_SBBO, IP_
SBB1, IP_SBB2)/2]. This is a safe/conservative choice
because the SIMO buck-boost regulator implements a
discontinuous conduction mode (DCM) control scheme,
which returns the inductor current to zero each cycle.

Consider the DC-resistance (DCR), AC-resistance (ACR)
and solution size of the inductor. Typically, smaller
sized inductors have larger DC-resistance and larger
AC-resistance that reduces efficiency and the available

PARAMETERS| EXAMPLE 1 | EXAMPLE 2 | EXAMPLE 3 output current. Note that many inductor manufacturers
VIN.MIN 57V 30V 34V have mductor. famllles which contain different versions
RLDCR 0 0 120 of core material in order to balance trade-offs between

L.DC 0. 0. 0. DCR, ACR (i.e., core losses), and component cost. For

SBB1 1V at 100mA | 1.2V at S0mA | 1.2V at 20mA this SIMO regulator, inductors with the lowest ACR in

SBBO 1.2V at 75mA 2.05V at 2,05V at 80mA thg .1.0MHz to 2.0MHz region tend to provide the best

100mA efficiency.

SBB2 1.8V at 50mA | 3.3V at 30mA | 3.3V at 10mA See Table 10 for examples of inductors that work well
I.PEAK.O 1A 0.866A 0.5A with this device. This table was created in 2016. Inductor
| PEAKA A 0.707A 05A technolqu advances rapidly. Always corjsider the most
I PEAK 2 A ” A current inductor technology for new designs to achieve
: : 0.5 the best possible performance.

Utlllze.d 73 79 73
Capacity

*R.C.IN =R.C.OUT =5mQ, L = 1.5uH

Table 10. Example Inductors

MANUFACTURER PART L (uH) | 1saT (A) | Irms (A) | DCR (Q) | X (mm) | Y (mm) | Z (mm)

Samsung CIGT201610EH2R2MN 2.2 2.9 2.7 0.073 2.0 1.6 1.0

Murata DFE201610E-2R2M 2.2 2.6 1.9 0.117 2.0 1.6 1.0

Murata DFE201610E-1R5M 1.5 2.4 3.2 0.076 2.0 1.6 1.0

Murata DFE201210S-2R2M 2.2 2.3 1.80 0.127 2.0 1.2 1.0

Murata DFE201210S-1R5M 1.5 2.2 2.6 0.086 2.0 1.2 1.0

Samsung CIGT201208EH2R2MN 2.2 2.0 1.8 0.095 2.0 1.25 0.8

Murata DFE201208S-1R5M 1.5 2.4 2.0 0.110 2.0 1.2 0.8

Murata DFE201208S-2R2M 2.2 2.0 1.6 0.170 2.0 1.2 0.8

www.maximintegrated.com

Maxim Integrated | 66



MAX77650/MAX77651

Input Capacitor Selection

Choose the input bypass capacitance (CiN_sBB) to be
10pF. Larger values of CjN_sgp 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., < 5mQ + < 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 6.3V capacitor voltage rating.

IN_SBB is a critical discontinuous current path that
requires careful bypassing. When the SIMO detects that
an output is below its regulation threshold, a switching
cycle begins and the IN_SBB current ramps up as a func-
tion of the input voltage and inductor (di/dt = V|N sBB/L)
until it reaches the peak current limit (Ip sgg). Once
lp sgB is reached, the IN_SBB current falls to zero
rapidly (~5ns). This rapid current decrease makes the
parasitic inductance in the PGND to input capacitor to
IN_SBB path critical. In the PCB layout, place C|N sgg as
close as possible to the power pins (IN_SBB and PGND)
to minimize parasitic inductance. If making connections
to the input capacitor through vias, ensure that the vias
are rated for the expected input current so they do not
contribute excess inductance and resistance between the
bypass capacitor and the power pins.

Boost Capacitor Selection

Choose the boost capacitance (CggT) to be 3.3nF. Smaller
values of CgsT (< 1nF) result in insufficient gate drive for
M3. Larger values of CggT (> 10nF) have the potential
to degrade the startup performance. Ceramic capacitors
with 0201 or 0402 case size are recommended.

Output Capacitor Selection

Choose each output bypass capacitance (Cggpy) based
on the desired output voltage ripple; typical values are
10pF. Larger values of Cggpyx improve the output volt-
age ripple but increase the input surge currents during
soft-start and output voltage changes. The output voltage
ripple is a function of the inductance, the output voltage,
and the peak current limit setting. Maxim offers a SIMO
calculator to aid in the selection of the output capacitance.
See Support Materials for more information on this and
other engineering resources.
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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 maxi-
mum capacitance.

CsBBx is required to keep the output voltage ripple small.
The impedance of the output capacitor (ESR, ESL) should
be very low (i.e., < 5mQ + < 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 pro-
nounced as capacitor case sizes decrease. Due to this
characteristic, it is possible for an 0603 case size capaci-
tor 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 out-
put capacitance value after initial tolerance, bias voltage,
aging, and temperature derating.

SBBXx is a critical discontinuous current path that requires
careful bypassing. When the SIMO detects that an output
is below its target, it charges the inductor to a peak cur-
rent limit (Ip sgg) and then discharges that inductor into
the output. At the moment the charge is applied to the
output, the current increases rapidly and then decays
relatively slowly (dt/dt = Voyt/L). This rapid current
increase is a function of the drive strength setting (DRV_
SBB) and makes the parasitic inductance in the SBBx to
output capacitor to PGND path critical. In the PCB layout,
place Cgppx as close as possible to SBBx and PGND
to minimize parasitic inductance. If making connections
to the output capacitor through vias, ensure that the vias
are rated for the expected output current so they do not
contribute excess inductance and resistance.

SIMO Switching Frequency

The SIMO buck-boost regulator utilizes a pulse frequency
modulation (PFM) control scheme. The switching fre-
quency for each output is a function of the input voltage,
output voltage, load current, and inductance. Maxim
offers a SIMO calculator to aid in the understanding of the
switching frequency.
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At no load, switching frequencies can be as low as 10Hz.
It is possible to get SIMO switching frequencies that are
high (5.7MHz) with all of the worst-case conditions: high
input voltage (4.5V), low inductance (1.0uH), high output
voltage (5.0V), low peak current limit (0.5A), and high
utilization (80% which is 90mA with these conditions).
With these high switching frequencies, the SIMO effi-
ciency is poor. The maximum switching frequencies for
designs should be no more than 3MHz. For example, in
the 5.7MHz example above if we change the inductance
to peak current limit from 0.5A to 0.707A while leaving the
load current at 90mA, then the switching frequency drops
to 2.4MHz. If we put the peak current limit at 0.866A and
change the inductance to 1.5uH, then the switching fre-
quency drops to 1TMHz which provides a “nice” efficiency.

Unused Outputs

Do not leave unused outputs unconnected. If an output
left unconnected is accidentally enabled, inductor current
dumps into an open pin, and the output voltage can soar
above the absolute maximum rating, potentially causing
damage to the device. If the unused output is always
disabled (EN_SBBx = 0x4 or 0x5), connect that output to
ground. If an unused output can be enabled at any point
during operation (such as startup or accidental software
access), then implement one of the following:

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

e Connect the unused output to the power input (IN_
SBB). This connection is beneficial because it does
not require an external component for the unused
output. The power input and its capacitance receives
the energy packets when the regulator is enabled
and V|Ny sB is below the target output voltage of
the unused output. Circulating the energy back to the
power input ensures that the unused output voltage
does not fly high.

* Note that some OTP options of the device have the
active-discharge resistors enabled by default (ADE_
SBBx) such that connecting an unused output SBBx
to IN_SBB creates a 140Q (Rap sBBx) to ground
until software can be ran to disable the active-dis-
charge resistor. Connecting an unused SBBx to
IN_SBB is not recommended if the regulator's
active-discharge resistor is enabled by default.

e Connect the unused output to another power output
that is above the target voltage of the unused output.
In the same way as the option listed above, this con-
nection is beneficial because it does not require an
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external component for the unused output. Unlike the
option above, this connection is preferred in cases
where the unused output voltage bias level is always
above the unused output voltage target because no
energy packages are provided to the unused output.
* Note that some OTP options of the device have the
active-discharge resistors enabled by default (ADE_
SBBx). If the other power output used to bias the
unused output is normally off, then the active-dis-
charge resistor of the unused output does not cre-
ate a continuous current draw. Remember that once
the system is enabled, it should turn off the unused
output's active-discharge resistor (ADE_SBBx = 0).

LDO

The device includes one on-chip low-dropout linear regu-
lator (LDO). This LDO is optimized to have low-quiescent
current and low dropout voltage. The input voltage range
of this LDO (V|N Lpo) allows it to be powered directly
from the main energy source such as a Li-Poly battery or
from an intermediate regulator. The linear regulator deliv-
ers up to 150mA.

Features

e 150mA LDO

1.8V to 5.5V Input Voltage Range
Adjustable Output Voltage

180mV Maximum Dropout Voltage
Programmable On-Chip Active Discharge

LDO Simplified Block Diagram

The LDO has one input (IN_LDO) and one output (LDO)
and several ports that exchange information with the rest
of the device (VREF, EN_LDO, ADE_LDO). VREF comes
from the main bias circuits. EN_LDO and ADE_LDO
are register bits for controlling the enable and active-
discharge feature of the LDO. Refer to the Programmer’s
Guide for more information.

LDO Active Discharge Resistor

The LDO has an active-discharge resistor (Rap LDO)
that automatically enables/disables based on a configura-
tion bit (ADE_LDO) and the status of the LDO regulator.
Enabling the active discharge feature helps ensure a
complete and timely power down of all system peripherals.
The default condition of the active-discharge resistor fea-
ture is enabled such that whenever Vgyg is above VpoRr
and V|N Lpo is above 1.0V, the LDO active discharge
resistor is turned on. Note that when V|y | po is less than
1.0V, the NMOS transistor that controls the LDO active
discharge resistor loses its gate drive and becomes open.
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LDO Soft-Start

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

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

The input current () during soft-start is:
dv
IN=Clpos—+|
IN = ~LDOgtgg ™ 'LDO

where C| po is the capacitance on the output of the regula-
tor, and dV/dtgg is the voltage change rate of the output.

For example, given the following conditions, the input
current (ljy) during soft-start is 22.5mA:

Given:
* CLpo = 10uF
« dV/dtgg = 1.25mV/ps
* RLpo=185Q (IL.po = 1.85V/185Q = 10mA)

Calculation:
* IjNy = 10pF x 1.25mV/us + 10mA
* IIN=22.5mA

LDO Applications Information

Input and Output Capacitor Selection

Sufficient input bypass capacitance (C|N Lpo) and output
capacitance (Cpo) is required for stable operation of the
LDO. Figure 19 provides guidance on capacitor selection
and refers to required effective capacitance, which is the
actual value of capacitance seen by the LDO during oper-
ation. Effective capacitance is almost always lower than
the nominal capacitance and is a commonly overlooked
design parameter. Determine the effective capacitance
by assessing the capacitor’s initial tolerance, variation
with temperature, and variation with DC bias. Consult the
capacitor manufacturer for specific details of derating.

Choose the input capacitor (C|N |po) so that the effective
capacitance is equal to or greater than the value found in
Figure 19, based on expected load conditions for the
application. A single 10uF, 1005/0402 (mm/inch) capaci-
tor, is recommended for typical applications but ensure
that the load current and derated capacitance does not
compromise the stability curve in Figure 19. Larger values
of CiN Lpo improve stability and decoupling for the LDO
regulator. The floorplan of the device is such that SBBO
is adjacent to IN_LDO, and if SBBO powers the input of
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the LDO, then the two nodes can share the SBBO output
capacitor (Csppo)- CIN Lpo reduces the current peaks
drawn from the battery or input power source during LDO
regulator operation.

Choose the output capacitor (Cpp) so that the effective
capacitance is equal to or greater than the value found
in Figure 19, based on expected load conditions for the
application. A single 10pF, 1005/0402 (mm/inch) capacitor
is recommended for typical applications, but ensure that
the load current and derated capacitance does not com-
promise the stability curve in Figure 19. Larger values of
CLpo improve stability and output PSRR, but increases
the input surge currents during soft-start and output volt-
age changes. The effective output capacitance should not
exceed 100pF to maintain LDO stability.

For example, consider the case of the MAX77650A
where:

1. Size is very important.

2. The LDO input is powered by SBBO, which is 2.05V.
3. The LDO output is 1.85V.

4. The LDO output current is <80mA.

A small 1005/0402 (mml/inch) capacitor such as the
GRM155R60J106ME15 (Murata, 10uF, 6.3V X5R) gives
5.7uF at 60°C and 5.4pF at -20°C with the 1.85V bias
voltage and has a £ 20% tolerance, so the worst-case
effective capacitance is 4.3uF (5.4uF derated by 20%
tolerance). With just 4.3uF of capacitance at the output,
Figure 19 shows the LDO is stable with load currents of
<35mA. To get stability at 80mA, 6uF is required. There
are a few options to consider:

e Add more capacitors to the design.

e Replace the 1005/0402 (mm/inch) capacitor with a
1608/0603 (mm/inch) capacitor.

e Consider point-of-load capacitance in your assess-
ment of effective capacitance. For example, if there
is a point-of-load capacitor downstream from the
LDO that is sufficiently close to the local LDO output
capacitor, it can cover the gap. The capacitor can be
considered “sufficiently close” if the PCB does not
add more than 25nH and 25mQ of extra ESR and
ESL (more or less within 17).

Note the impedance of either the input or output capacitor
(ESR, ESL) should be very low (i.e., < 50mQ + < 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.
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Figure 19. LDO Capacitance for Stability
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Figure 20. LDO Simplified Block Diagram
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Current Sinks

The device has a 3-channel current sink driver designed
to drive LED's in portable devices. This block can also be
used as a general-purpose current sink driver for other
applications. The driver's on-time and frequency are
independently programmable for each output to achieve
a desired blink pattern. Alternatively, the LEDs can be
continuously on (i.e., not blinking). The blink period is
programmable from 0.5s to 8s,with an on-time duty cycle
from 6.25% to 100%.

Figure 21 utilizes a common set of clock dividers to
drive three identical current sink modules. Refer to the
Programmer’s Guide for more information.

and Power Path Charger for Small Li+

Current Sink Applications Information

LED Assignment

The three current sinks (LEDO, LED1, LED2) are identi-
cal. In a typical application where a red, green, blue LED
cluster is used (RGB), the assignment of the RGB ele-
ments to the LEDO0/1/2 pins should be done in whatever
way makes the PCB layout the easiest.

Unused Current Sink Ports

If a current sink port is not utilized in a given applica-
tion, connect that port to ground. Additionally, software
should ensure that the unused current sink is not enabled
(EN_LEDx = 0).

CLK CLOCK

EN_LED_MSTR DIVIDER

CLOCK DIVIDER
AND INVERTER CLK 32

AN
<= | | <=

CURRENT SINK
[ BRT_LEDO[4:0] DAC

INV_LEDO
P_LEDO[3:0]
D_LEDO[3:0] PWM

CIK 32 LOGIC

LEDO

2/4/18Q

LED_FSO[1:0]

BRT LEDT[40] CURRENT SINK

INV_LEDO
P_LED1[3:0]
D_LED1[3:0]

CLK_32

LED_FS1[1:0]

BRT LED240] CURRENT SINK

INV_LEDO
P_LED2[3:0]
D_LED2[3:0]

CLK_32

LED_FS2[1:0]

LED2

.||_
.||_

Figure 21. Current Sink Block Diagram
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MAX77650/MAX77651

I2C Serial Interface

The MAX77650 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). The
MAX77650/MAX77651 act as slave-only devices where
they rely on the master to generate a clock signal. SCL
clock rates from OHz to 3.4MHz are supported. 12C 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 22 shows the

Ultra-Low Power PMIC with 3-Output SIMO

and Power Path Charger for Small Li+

functional diagram for the 12C based communications
controller. For additional information on 12C, refer to the
12C Bus Specification and User Manual that is available
for free on the Internet.

Features

e |2C Revision 3 Compatible Serial Communications
Channel

OHz to 100kHz (Standard Mode)

OHz to 400kHz (Fast Mode)

OHz to 1MHz (Fast Mode Plus)

OHz to 3.4MHz (High-Speed Mode)

Does not utilize 12C Clock Stretching

COMMUNICATIONS CONTROLLER
Vio
ScL I\L J INTERFACE
L~ DECODERS
SDA SHIFT REGISTERS
3 1~ BUFFERS
|
[
=
GND 38
I I I |
PERIPHERAL | | PERIPHERAL | | PERIPHERAL | | PERIPHERAL | | PERIPHERAL
0 1 2 N-1 N
N N
~ ~o

Figure 22. I12C Simplified Block Diagram
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Figure 23. 12C System Configuration
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Figure 24. I12C Start and Stop Conditions

I12C System Configuration

The I12C bus 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 12C bus that sends data to the bus in
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
MAX77650/MAX77651 12C compatible interface oper-
ates as a slave on the 12C bus with transmit and receive
capabilities.

I12C Interface Power

The MAX77650/MAX77651 12C interface derives its
power from V|o. Typically a power input such as V|o
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 capaci-
tor (= 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 0.1uF ceramic capacitor.

www.maximintegrated.com

V|o accepts voltages from 1.7V to 3.6V (V|p). Cycling V|o
does not reset the 12C registers. When V|g is less than
ViouvLo and Vsys is less than VsysyyLo, SDA and
SCL are high impedance.

12C 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 /2C 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 tran-
sition on SDA with SCL high. A STOP condition is a low-to-
high transition on SDA, while SCL is high. See Figure 24.

A START condition from the master signals the beginning
of a transmission to the MAX77650/MAX77651. The mas-
ter terminates transmission by issuing a not-acknowledge
followed by a STOP condition. See the 12C Acknowledge
Bit section for information on the not-acknowledge. The
STOP condition frees the bus. To issue a series of com-
mands 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.

When a STOP condition or incorrect address is detected,
the MAX77650/MAX77651 internally disconnect SCL
from the serial interface until the next START condition,
minimizing digital noise and feedthrough.
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12C Acknowledge Bit

Both the I2C bus master and the MAX77650/MAX77651
(slave) 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
25. 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

Ultra-Low Power PMIC with 3-Output SIMO
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fault has occurred. In the event of an unsuccessful data
transfer, the bus master should reattempt communication
at a later time.

The MAX77650/MAX77651 issue an ACK for all register
addresses in the possible address space even if the par-
ticular register does not exist.

12C 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 26. The slave address is factory
programmable to one of two options. See Table 11. All
slave addresses not mentioned in the Table 11 are not
acknowledged.

S

NOT ACKNOWLEDGE (NA)

ACKNOWLEDGE (A)

O WA S - B
AN WA,

> <tfyppar

Figure 25. Acknowledge Bit

SDA

R/W

e

SCL 1

ACKNOWLEDGE—
8

Figure 26. Slave Address Example
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Table 11. 12C Slave Address Options

Ultra-Low Power PMIC with 3-Output SIMO
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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, Ob 1001 0001
Main Address

(ADDR = 0)* 0x40, Ob 100 0000 0x80, Ob 1000 0000 0x81, Ob 1000 0001
Test Mode** 0x49, 0b 100 1001 0x92, 0b 1001 0010 0x93, 0b 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 Maxim 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 Maxim.

I12C Clock Stretching

In general, the clock signal generation for the I2C bus is
the responsibility of the master device. The 12C specifica-
tion 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 MAX77650/MAX77651 do not use any
form of clock stretching to hold down the clock line.

12C General Call Address

The MAX77650/MAX77651 do not implement the 12C
specifications general call address. If the MAX77650/
MAX77651 see the general call address (0bO000_0000),
they do not issue an acknowledge.

12C Device ID

The MAX77650/MAX77651 do not support the 12C Device
ID feature.

12C Communication Speed

The MAX77650/MAX77651 are compatible with all 4 com-
munication speed ranges as defined by the Revision 3
12C specification:

e (OHz to 100kHz (Standard Mode)

e 0OHz to 400kHz (Fast Mode)

e (OHz to 1MHz (Fast Mode)

e (0OHz to 3.4MHz (High-Speed Mode)

Operating in standard mode, fast mode, and fast mode
plus does not require any special protocols. The main
consideration when changing the bus speed through
this range is the combination of the bus capacitance and

www.maximintegrated.com

pullup resistors. Higher time constants created by the bus
capacitance and pullup resistance (C x R) slow the bus
operation. Therefore, when increasing bus speeds, the
pullup resistance must be decreased to maintain a rea-
sonable time constant. Refer to the Pullup Resistor Sizing
section of the 12C Bus Specification and User Manual
that is available for free on the Internet for detailed guid-
ance on the pullup resistor selection. In general for bus
capacitances of 200pF, a 100kHz bus needs 5.6kQ pullup
resistors, a 400kHz bus needs about a 1.5kQ pullup resis-
tors, and a 1MHz bus needs 680Q pullup resistors. Note
that when the open-drain bus is low, the pullup resistor is
dissipating power, lower value pullup resistors dissipate
more power (V2/R).

Operating in high-speed mode requires some special con-
siderations. For a full list of considerations, see the /2C
Communication Speed section. The major considerations
with respect to the MAX77650/MAX77651:

e The I2C bus master use current source pull-ups 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 MAX77650/

MAX77651 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

The MAX77650/MAX77651 supports both writing and
reading from its registers.

Writing to a Single Register

Figure 27 shows the protocol for the 12C master device to
write one byte of data to the MAX77650/MAX77651. This
protocol is the same as the SMBus specification’s write
byte protocol.

The write byte protocol is as follows:

e The master sends a start command (S).

e 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

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.

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 1MHz or slower operation. Issuing
an Sr leaves the bus input filters in their current state.

LEGEND

MASTER TO SLAVE

]

1 7 11 8 1

|:| SLAVE TO MASTER

NUMBER

8 ! 1. = orgirs

|s| stavenopress |o[A] ReciSTERPONTER [A] ~ ° DaTA.-":" [AORNA|PORSR'|:
RInW T THE DATA IS LOADED
<€——————————— INTO THE TARGET
[ETI REGISTER AND
e . " BECOMES ACTIVE
DURING THIS RISING
SDA - X B1 >< B0 \ A / EDGE.
: ACKNOWLEDGE :
soL 7 8 . ~ *P FORCES THE BUS FILTERS TO

SWITCH TO THEIR <=1MHZ MODE.
SR LEAVES THE BUS FILTERS IN
THEIR CURRENT STATE.

Figure 27. Writing to a Single Register with the Write Byte Protocol
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Writing Multiple Bytes to Sequential Registers e The slave acknowledges the register pointer.
Figure 28 shows the protocol for writing to a sequential e The master sends a data byte. _
registers. This protocol is similar to the write byte proto- d The slave acknowledges the data by.te. The next ris-
col above, except the master continues to write after it ing edge on SDA load the data byte into its target
receives the first byte of data. When the master is done register and the data will become active.
writing it issues a stop or repeated start. e Steps 6 to 7 are repeated as many times as the
. . . . master requires.
The writing to sequential registers protocol is as follows: .
e During the last acknowledge related clock pulse, the
e The master sends a start command (S). .
. master can issue an acknowledge or a not acknowledge.
e The master sends the 7-bit slave address followed by o
o e The master sends a stop condition (P) or a repeated
a write bit (R/W = 0). i .
e The addressed slave asserts an acknowledge (A) by start condition (Sr). Issuing a P ensures that the bus
. input filters are set for 1IMHz or slower operation.
pulling SDA low. . ) ) . .
. . . Issuing an Sr leaves the bus input filters in their
e The master sends an 8-bit register pointer.
current state.
LEGEND
|:| MASTER TO SLAVE |:| SLAVE TO MASTER
NUMBER
et 0 8 e ores
[s| Staveapbress |o [A] ReciSTERPONTERX [A] DATAX.  [A] ewee
AN | Bt
RINW
NUMBER
coee| DATAX+1 [A] : oataxsz® Al ewee
i AL L P AP -
REGISTER POINTER = X + 1 REGISTER POINTER = X +2
8 ] 8 ’ 1 NUMBER
e e et e OFBITS
coeel  omani  [A] 0 owan | Bl e |
REGISTER POINTER =N-1" REGISTER POINTER =N "
THE DATA IS LOADED
INTO THE TARGET
REGISTER AND
< BECOMES ACTIVE
""""""""""""" . DURING THIS RISING
e EDGE.
SDA .- B1 B0 A /_BQ X
] ACKNOWLEDGE — ;
SCL . 7 8 9 1\
e ..\ DETAIL: A
,,,,,,,,,,,,,,,,,,,,,,, - THE DATA IS LOADED
INTO THE TARGET
REGISTER AND
< BECOMES ACTIVE
""""""""""""" . DURING THIS RISING
o EDGE.
SDA .- B1 B0 A / '
: — *P FORCES THE BUS
. ACKNOWLEDGE FILTERS TO SWITCH
: TO THER <=1MHZ
L )T 8 9 .~ DeraLs  MODE SRLEAVES
] - : THE BUS FILTERS IN
---------------- THEIR CURRENT
STATE.

Figure 28. Writing to Sequential registers X to N
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Reading from a Single Register e The addressed slave places 8-bits of data on the bus
Figure 29 shows the protocol for the 12C master device to from the location specified by the register pointer.
read one byte of data to the MAX77650/MAX77651. This ~ ® The master issues a not acknowledge (nA).

protocol is the same as the SMBus specification’s read e The master sends a stop condition (P) or a repeated
byte protocol. start condition (Sr). Issuing a P ensures that the bus

The read bvte protocol is as follows: input filters are set for 1MHz or slower operation.
ytep ) Issuing an Sr leaves the bus input filters in their cur-
e The master sends a start command (S). rent state.

* The master sends the 7-bit slave address followed by Note that when the MAX77650/MAX77651 receive a stop

a write bit (RIW = 0. they do not modify their register pointer.
e The addressed slave asserts an acknowledge (A) by

pulling SDA low. Reading from Sequential Registers
e The master sends an 8-bit register pointer. Figure 30 shows the protocol for reading from sequential
e The slave acknowledges the register pointer. registers. This protocol is similar to the read byte protocol
e The master sends a repeated start command (Sr). except the master issues an acknowledge to signal the
e The master sends the 7-bit slave address followed by slave that it wants more data: when the master has all the
a read bit (R/W = 1). data it requires it issues a not acknowledge (nA) and a
e The addressed slave asserts an acknowledge by stop (P) to end the transmission.
pulling SDA low.
LEGEND *P FORCES THE BUS FILTERS TO SWITCH
TO THEIR <=1MHZ MODE. SR LEAVES THE
|:| MASTER TO SLAVE . SLAVETOMASTER BUS FILTERS IN THEIR CURRENT STATE.
1 7 11 8 11 7 11 8 11 4—3?'\4%?
s| staveapbress |o . REGISTER POINTER X .Sr| SLAVE ADDRESS | 1
RIW RIW

Figure 29. Reading from a Single Register with the Read Byte Protocol

LEGEND *P FORCES THE BUS FILTERS TO SWITCH TO
|:| MASTER TO SLAVE . SLAVE TO MASTER THEIR <=1MHZ MODE. SR LEAVES THE BUS
FILTERS IN THEIR CURRENT STATE.
NUMBER
R L U S B ’ L orars
|s| SLAVE ADDRESS |o. REGISTER POINTER X .SR| SLAVE ADDRESS |1 coce
RINW _4 RinWw NUMBER
8 1 8 1 8 R S

o000 ....

REGISTERPOINTER=X+1 REGISTERPOINTER=X+2 REGISTER POINTER =X +3

NUMBER
8 1 8 1 8 1 ] - €+ OF BITS
REGISTER POINTER = REGISTER POINTER = REGISTER POINTER =
N-2 N-1 N

Figure 30. Reading Continuously from Sequential Registers X to N
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The continuous read from sequential registers protocol is

as follows:

e The master sends a start command (S).

e The master sends the 7-bit slave address followed by
a write bit (R/W = 0).

e 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). When reading the RTC time-

keeping registers, secondary buffers are loaded with
the timekeeping register data during this operation.

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

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

e The master issues an acknowledge (A) signaling the
slave that it wishes to receive more data.

e 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.

Ultra-Low Power PMIC with 3-Output SIMO
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e 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 opera-
tion. Issuing an Sr leaves the bus input filters in their
current state.

Note that when the MAX77650/MAX77651 receive a stop,
they do not modify their register pointers.

Engaging HS-mode for operation up to 3.4MHz
Figure 31 shows the protocol for engaging HS-mode
operation. HS-mode operation allows for a bus operating
speed up to 3.4MHz.

The engaging HS mode protocol is as follows:

e Begin the protocol while operating at a bus speed of
1MHz or lower

e The master sends a start command (S).
The master sends the 8-bit master code of 0b0000
1XXX where ObXXX are don’t care bits.
The addressed slave issues a not acknowledge (nA).
The master may now increase its bus speed up to
3.4MHz and issue any read/write operation.

The master can continue to issue high-speed read/write
operations until a stop (P) is issued. To continue opera-
tions in high speed mode, use repeated start (Sr).

LEGEND

|:| MASTER TO SLAVE

|:| SLAVE TO MASTER

1 8 1.1

M AGTED AAF ANY RW PROTOCOL ANY R/W PROTOCOL ANY READ/WRITE
S| HSMASTERCODE ISR “roiowepeysk [*Y| FoLowepsysr [°R ProTocOL Pleoee
<& FAST-MODE > < HS-MODE > < FAST-MODE—

Figure 31. Engaging HS Mode
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Typical Application Circuit

MAX77650/MAX77651
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PART TEMP RANGE  PIN-PACKAGE OPTIONS

MAX77650EWV+T* -40°C to +85°C 30 WLP Samples with various OTP options

MATGOAWVST  4TCiowssC  sowlp  SEEUSEEISEEZauesieSiiaOSL
MAX77650BEWV+T -40°C to +85°C 30 WLP g?DBI\(/I)/ f%ﬁggs,i?s fggﬁfdiv 11.2V/3.15V, production device,
MATGROGEIVST  4vCiowssC  sowp  SEEISEEICHEZes LANOUIZL
MAX77650MEWV+T -40°C to +85°C 30 WLP g?DBI\(A)/ S%ﬁgfi‘% Zaélgﬁzgés*ym 2VI3.15V, production device,
MAX77651EWV+T* -40°C to +85°C 30 WLP Samples with various OTP options

MATGSIAWT  47CiowssC  sowp  SEEISEEICHEZabes fASiSSL
WSTSSTBEWAT  4Ciouase  cowp  SCEDSEEICHEZabes tnaisEL

+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.
**See the Programmer’s Guide for the options associated with a specified DIDM and CID.
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Revision History
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REVISION | REVISION PAGES
NUMBER DATE DESCRIPTION CHANGED
0 2/17 Initial release —
Updated Electrical Characteristics—SIMO Buck-Boost table, Typical Operating
Characteristics, Table 1. Regulator Summary, Manual Reset in Features and Benefits 1,9, 19, 25,
1 5/17 section, Inductor Selection section, and LDO Applications Information section, added | 26, 30, 32, 36,
new Figure 19, removed future product notation from MAX77651AEWV+T in Ordering | 38, 65, 68, 79
Information table
Updated solution size in Benefits and Features section, updated Absolute Maximum
2 6/17 . . . 1,7,63
Ratings section and Figure 18
. . . . 7,10-12, 17,
Fixed typos, added common conditions to Electrical Characteristics tables, updated 18. 20 21 24
3 77 Typical Operating Characteristics, updated Figure 19, updated Typical Application 30’ 36, 68, 691
Circuit T T T
79
. , . . 21, 37, 40, 52,
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