®

MP2721

5A, 1-Cell, I2C-Controlled NVDC Buck Charger

DESCRIPTION

The MP2721 is a highly integrated, 5A, switch-
mode battery management device for single-
cell Li-ion or Li-polymer batteries. The narrow-
voltage DC (NVDC) power management
structure provides a low-impedance power path
that optimizes charging efficiency, reduces
battery charging time, and extends battery life
during discharging.

The device’s input source type identification
algorithm supports USB battery charging
specification 1.2 (BC1.2) and non-standard
adapter detection.

The I12C interface offers complete operating
control, including charging parameter
programming and status/interrupt monitoring.

The MP2721 supports fully customizable JEITA
profile  with  programmable  temperature
windows and actions.

The MP2721 is available in a QFN-22
(2.5mmx3.5mm) package.

FEATURES

e Supports USB BC1.2 and Non-Standard
Adapters
e 26V Sustainable Input Voltage (Vin)
e 80mA to 5A Charge Current (lcc),
Configurable via the I1°C
e 100mA to 3.2A Input Current (Iin_um) Limit,
Configurable via the I°C
e Minimum Vy Loop for Maximum Adapter
Power Tracking
o Comprehensive Safety Features:
o Fully Customizable JEITA Profile
o Additional Negative Temperature
Coefficient (NTC) Thermistor Input
o Configurable Die Temperature
Regulation from 60°C to 120°C
o Complete Charge and Pre-Charge
Safety Timers
o Watchdog Safety Timer

o Lockable Registers for Charging
Parameters
e Configurable 750kHz to 1.5MHz Switching
Frequency
e Integrated 15mQ Low-Rpson) Battery
MOSFET with Shipping and Reset Modes
e Ultra-Low 8.5uA Battery Discharge Current
in Shipping Mode
¢ Down to 30mA Termination Current Settings
for Wearable Applications
e |2C Port for Flexible System Parameter
Setting and Status Reporting
o Configurable Boost Converter for Source
Mode and USB On-The-Go (OTG):
o Configurable Output Current Limit Loop
Up to 3A
o Output Over-Current Protection (OCP)
o Ability to Power into Large Capacitive
Loads up to 2mF
o Configurable 5V to 5.35V Output
Voltage
e Accuracy
o *0.5% Battery Regulation Voltage
(VBATT REG)
o 5% lcc

o  *5% lin_um
o Remote Battery Sensing for Fast
Charge

o *2% Output Regulation in Boost Mode
e Available in a Small QFN-22
(2.5mmx3.5mm) Package

APPLICATIONS

General <15W USB Applications
Bluetooth Headphones
Bluetooth Speakers
Point-of-Sale (POS) Terminals
Portable Cameras

All MPS parts are lead-free, halogen-free, and adhere to the RoHS
directive. For MPS green status, please visit the MPS website under
Quality Assurance. “MPS”, the MPS logo, and “Simple, Easy Solutions” are
trademarks of Monolithic Power Systems, Inc. or its subsidiaries.
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mP5 MP2721 — 5A, SINGLE-CELL, I°C-CONTROLLED BUCK CHARGER

TYPICAL APPLICATION
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mps MP2721 — 5A, SINGLE-CELL, I?*C-CONTROLLED BUCK CHARGER

ORDERING INFORMATION

Part Number* Package Top Marking MSL Rating
MP2721GRH-xxxx** QFN-22 (2.5mmx3.5mm) See Below 1
EVKT-MP2721 Evaluation kit - -

* For Tape & Reel, add suffix -Z (e.g. MP2721GRH-Xxxx-Z).

** “xxxx” is the register setting option. The factory default is “0000”. This content can be viewed in the I°C register
map. Contact an MPS FAE to obtain an “xxxx” value.

TOP MARKING

BNV

YWW
LLL

BNV: Product code of MP2721GRH
Y: Year code

WW: Week code

LLL: Lot number

EVALUATION KIT EVKT-MP2721
EVKT-MP2721 kit contents: (Items below can be ordered separately).

# Part Number Item Quantity
1 EV2721-RH-00A MP2721 evaluation board 1
Includes one USB to I2C communication interface device, one
2 | EVKT-USBI2C-02 bag USB cable, and one ribbon cable 1
3 Online resources Include the datasheet, user guide, product brief, and GUI 1
Order directly from MonolithicPower.com or our distributors.
Input Power
Supply
USB Cable USB to I°C Ribbon Cable
“ M Communication EV2721-RH-00A
— ' Interface
Output
Figure 1: EVKT-MP2721 Evaluation Kit Set-Up
MP2721 Rev. 1.1 MonolithicPower.com 3

1/3/2023 MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.
© 2023 MPS. All Rights Reserved.



meSs

MP2721 — 5A, SINGLE-CELL, I?*C-CONTROLLED BUCK CHARGER

PACKAGE REFERENCE

TOP VIEW
NC D+ D- VCC AGND RST
22 21 20 19 18 17 |
nel 1 16 |scL
Np 2 15 |spaA
PMD| 3 14 | BATT
swl| 4 13 [svs
PGND | 5 12 |BATTSNS
6 7 8 9 10 11
BSTVRNTC INT PG/ nt1c1 STAT/
NTC2 IB
QFN-22 (2.5mmx3.5mm)
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MP2721 — 5A, SINGLE-CELL, I°C-CONTROLLED BUCK CHARGER

PIN FUNCTIONS

Pin # Name |Type @ |Description

2 IN P Power input. Connect a 1yF ceramic capacitor from the IN pin to PGND.
Decoupling node for the power stage. Bypass the PMID pin with a minimum

3 PMID P 10pF ceramic capacitor connected from PMID to PGND, and placed as close to
the IC as possible with the shortest possible route.

4 SW P Switching node. Connect the SW pin to the inductor.

6 BST = Bootstrap power. Connect a 22nF capacitor between the BST and SW pins to
form a floating supply for the high-side MOSFET (HS-FET) driver.

13 SYS = System power output. Connect a minimum 20uF ceramic capacitor from the
SYS pin to PGND.
Battery positive terminal. The internal narrow-voltage DC (NVDC) battery

14 BATT P MOSFET is connected between the SYS and BATT pins. Place a minimum
20uF ceramic capacitor from BATT to PGND.

5 PGND P Power ground. Short the PGND pin to AGND on the PCB.

18 AGND P Analog ground. Short the AGND pin to PGND on the PCB.

19 VCe = Internal circuit power supply. Connect a 4.7uF ceramic capacitor from the
VCC pin to AGND, placed as close to the IC as possible.

12 BATTSNS| Al Battery voI_tage-sense pin f_or battery voltage ’regulg'Flon. C(_)nnect the
BATTSNS pin as close as possible to the battery pack’s positive terminal.

__________ Open-drain interrupt output. This pin generates an active low 256us pulse

8 INT DO |when the IC has a status or fault report. Pull this pin up to VCC or another logic
rail with a 10kQ resistor.
I2C interface clock. Pull the SCL pin up to VCC or another logic rail with a

16 SCL DI .
10kQ resistor.
Py ; T

15 SDA DIO I C_lnterface data. Pull the SDA pin up to VCC or another logic rail with a 10kQ
resistor.

1,22 NC - No connection. The NC pin can be left open or shorted to AGND.

21 D+ AIO Positive line of the USB data line pair. USB charger type detection is based
on BC1.2. Non-standard adapter detection can also be implemented.

20 D- AIO Negative line of the USB data line pair. USB charger type detection is based
on BC1.2. Non-standard adapter detection can also be implemented.
Battery MOSFET reset input. During shipping mode, pull this pin to logic low
for a set time (tsnipmope) to wake up the IC from shipping mode. When the input

17 | ©eE DI voltage (Vin) is not present, setting this pin to logic low for a set time (trst) resets

RST the SYS power by turning the battery MOSFET off for a set time (tsys rst). Then

the battery MOSFET is re-enabled. This pin is internally pulled up by a 200kQ
resistor. Float this pin if it is not used.

7 VRNTC AO Voltage output for powering up the NTC. The VRNTC pin is powered up to
the same voltage as VCC when the buck or boost converter operates.
Temperature-sense input 1. Connect the NTC1 pin to a negative temperature

10 NTC1 Al coefficient (NTC) thermistor. Connect a resistor divider from VRNTC to NTC1 to
AGND. NTC1 supports a JEITA profile.
Open-drain power good (PG) indicator. Pull the PG/NTC2 pin up with a 10kQ

9 PG/NTC2 | DO/AI |resistor. This pin is active low when the VIN_GD bit = 1, and it can be
configured to act as temperature-sense input 2.

MP2721 Rev. 1.1
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MP2721 — 5A, SINGLE-CELL, I°C-CONTROLLED BUCK CHARGER

PIN FUNCTIONS (continued)

Pin # Name | Type ®

Description

information.

Charge status open-drain output. Pull the STAT/IB pin up with a 10kQ resistor.
This pin goes low to indicate when charging is in progress; it goes high to indicate
when charging is complete or not in progress. It blinks at a frequency of 1Hz if a
11 STAT/IB | DO/AO |fault occurs. This pin can also be configured for battery current indication (IB).
The IB pin sources a current that is proportional to the battery’s charge or
discharge current. Connect a resistor from IB to AGND for the battery current

Note:

1) Al = analog input, AO = analog output, AIO = analog input output, DI = digital input, DO = digital output, DIO = digital input output,

P = power.

ABSOLUTE MAXIMUM RATINGS @

INtO PGND.....ooooeiiiiiiiiiiieeeeee -0.3V to +26V
PMID to PGND ......ccoooevviiieeeinnnn. -0.3V to +26V
SWto PGND.......... -0.3V (-2V for 20ns) to +24V
PMID tO IN ..oovviiieiiiiiiieeeiee e -0.3V to +12V
BATT, SYSto PGND.................... -0.3V to +6.5V
BSTtOSW...ooiiiiii, -0.3V to +5V
All other pins to AGND.................... -0.3V to +5V
Continuous power dissipation (Ta = 25°C) @ .....
...................................................................... 2W
Junction temperature ..........ccccoeevvvveeneeennn. 150°C
Lead temperature (solder) .........cccccvvvvnnnnns 260°C
Storage temperature.............. -65°C to +150°C
ESD Ratings

Human body model (HBM) “¥................... 2000V
Charged device model (CDM) ®................ 250V
Recommended Operating Conditions @
Supply voltage (Vin) «.oooeevvvvveeeeeeennnns 3.9V to 16V
Input current (In) «...ocvvveeeeeeeeeeiiieeee, Up to 3.2A
System current (Isys)..c.eeeeevreeeeeeeeennennnn. Up to 5A
Charge current (Icc) «oovvvvvvvvvviiiiiiniiennn, Up to 5A
Discharge current (IpiScHG) --vvvreeeeeeeen Up to 8A
Battery voltage (VBatt) «ooevvvvvevvvninnnnnnn. Up to 4.6V

Operating junction temp (T;)....-40°C to +125°C

Thermal Resistance ©® 03a 0:c
QFN-22 (2.5mmx3.5mm)...... 50........ 12....°C/IW

Notes:

2) Exceeding these ratings may damage the device.

3) The maximum allowable power dissipation is a function of the
maximum junction temperature, T; (MAX), the junction-to-
ambient thermal resistance, 6;, and the ambient
temperature, To. The maximum allowable continuous power
dissipation at any ambient temperature is calculated by Pp
(MAX) = (T; (MAX) - Ta) / 6;a. Exceeding the maximum
allowable power dissipation can cause excessive die
temperature, and the regulator may go into thermal shutdown.
Internal thermal shutdown circuitry protects the device from
permanent damage.

4) Per ANSI/ESDA/JEDEC JS-001, all pins.

5) Per ANSI/ESDA/JEDEC JS-002, all pins.

6) Measured on JESD51-7, 4-layer PCB.

7) The device is not guaranteed to function outside of its
operating conditions.

MP2721 Rev. 1.1
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MP2721 — 5A, SINGLE-CELL, I°C-CONTROLLED BUCK CHARGER

ELECTRICAL CHARACTERISTICS
Ta =-40°C to +125°C, Ta = 25°C, and Vearr = 4V for typical values, unless otherwise noted.

Parameters

‘ Symbol ’Condition

| Min | Typ | Max |Units

Quiescent Current

Battery discharge current in | Veart = 4V, Vin = OV, BATTFET 85 12 A
shipping mode BATT_SHIP | jisabled, Ta = -40°C to +85°C : H
Battery discharge current in Veart = 4V, Vin = OV, BATTFET
idle mode lsaTr ILE | enabled, Ta = -40°C to +85°C 44 | 64 1 A
USB suspend mode current liN_susp Vin =5V, EN_BUCK =0 0.8 mA
Power-On/Off
Input operating range VIN_op 3.9 16
I(TR;JIEOU;“tjl’?rr(;\S/(I’)]g?dge lockout VIN_uv Vn falling, Vearr = OV 3.1 | 3.25 ]| 345
Input UVLO hysteresis Vin_uv_Hys | VIN rising, VeatT = OV 250 mV
Input debounce time toes VN debounceto set VIN_GD 15 ms
Hold-off imer tioLd VIN_GD =1 to D+ and D- detection 550 ms
starts
Input vs. battery voltage Vv VIN - VBarT, VeatT = 4V, VN rising 135 | 240 | 340 | mV
headroom threshold PRV TV - VieatT, VearT = 4V, Vin falling 10 | 80 | 175 | mv
_ Vin rising, VIN_OVP = 6.3V 6.1 6.3 | 6.55 Y,
'(g%‘;)o;’rf’rre"s’ﬁgijge protection Vinov |V rising, VIN_OVP = 11V 105 | 11 |1155| v
Vin rising, VIN_OVP = 14V 135 | 14 |1455| V
Input OVP hysteresis Vin_ov_Hys | Vin falling 250 mV
BATT UVLO threshold Veatt_uv | Vin = OV, Veatr falling 2.4 2.5 2.6 V
BATT UVLO hysteresis VeatT_uv_Hys | ViN = 0V, VeaTT rising 400 mV
Power Path
System regulation voltage Vsys_rec | VBaTT < Vsys_wmin, SYS_MIN = 100 3.7 | 382 3.94 \%
Blocking FET on resistance Ron_rerer | Ta =25°C 15 mQ
srllggssilstzr?/lchFET (HS-FET) Ron_Hs Ta=25°C 25 mo
rBeaét;[;gnI(\:ﬂeOSFET on Ron grer | Ta =25°C 14 mQ
Battery MOSFET forward
voltage in supplement mode Vrwo 30 mv
Charge (Ta = 0°C to 70°C)
g?%lge voltage configuration VBATT_RANGE 3.600 4600 | V
Charge voltage step VBATT_STEP 25 mV
Battery Charge Vo|tage VeATT REG VBATT = 4.2V 4.179 |4.200]| 4.221 V
regulation B VBATT = 4.35V 4.328 |4.350|4.372| V
g:%rge current regulation lee. RANGE 0 5000 | mA
Charge current step lcc_sTep 80 mA
MP2721 Rev. 1.1 MonolithicPower.com 7
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MP2721 — 5A, SINGLE-CELL, I°C-CONTROLLED BUCK CHARGER

ELECTRICAL CHARACTERISTICS (continued)
Ta=-40°C to +125°C, Ta = 25°C and Vsarr = 4V for typical values, unless otherwise noted.

Parameters Symbol |Condition Min Typ | Max |Units
ICC = 1040mA, VgarT = 3.8V 098 | 1.04 | 115| A
Fast charge current lcc
ICC = 2000mA, VgaTT = 3.8V 1.9 2 2.1 A
;rg—;hfl(;ilgge to fast charge VeatT PRE | VBATT rising, VPRE = 3V 2.9 3 3.1 \%
Pre-charge to fast charge . _
threshold hysteresis Vearr falling, VPRE = 3V 250 mV
Pre-charge current IprRE IPRE = 240mA, VgatT = 2.5V 207.5| 240 |277.5] mA
Charge termination current . ITERM = 120mA 90 120 | 150 | mA
threshold ITERM = 30mA 18 30 | 42 | mA
;r;gl;lﬁocltgarge 1o pre-charge VeatT TC | VBATT riSing 1.9 2.0 2.1 \%
Trickle charge to pre-charge .
threshold hysteresis Vearr falling 200 mv
Trickle charge current Irc Veart = 1V, ITRICKLE = 128mA 100 128 160 | mA
Auto_recharge battery Vo|tage Vv VBaTT falling, VRECHG = 100mV 45 a0 135 mV
threshold RECT Vet falling, VRECHG = 200mV 135 | 190 | 245 | mv
Input Regulation (Ta = 0°C to 70°C)
Input minimum voltage Vv VIN_LIM = 3.88V, Vgarr = 3.3V 3.758 | 3.88 |4.002| V
regulation MM TVIN LIM = 4.36V, Vearr = 3.3V 4236 | 4.36 |4.484 Vv
Input minimum voltage VIN_LIM_BA _ _
regulation tracking battery - VIN_LIM = 3.88V, Vearr = 4V 70 165 | 285 | mV
[IN_LIM = 500mA 415 450 500 | mA
Input current limit In_um | HIN_LIM = 1.5A 134 | 141 | 15 A
[IN_LIM = 3A 2.7 2.84 3 A
Battery Over-Voltage Protection (OVP)
Battery OVP threshold VBaTT ovp | VBATT rising, percentage of Vearr rec | 103 105 |106.5| %
Battery OVP hysteresis 1.7 %
Thermal
Junction temperature regulation | L TREG =80°C 80 °C
® - TREG = 120°C 120 °C
Thermal shutdown rising junction . o
temperature © Ty sHon | Temperature rising 150 C
Thermal shutdown hysteresis ® | Tshon_Hys 30 °C
JEITA NTC Monitor (Ta = 0°C to 70°C)
NTC cold temperature rising As a percentage of Vvrnrc, 0
threshold Veolo 1ycoLD = 74.2% (0°C) 739 | 745 | 751 %
NTC cold temperature rising o
threshold hysteresis As a percentage of Vvrntc 1.4 %
NTC cool temperature rising As a percentage of Vvrnrc, 0
threshold VeooL ool = 64.8% (10°C) 643 | 649 | 655 %
NTC cool temperature rising o
threshold hysteresis As a percentage of VvrnTc 1.4 %
MP2721 Rev. 1.1 MonolithicPower.com 8
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mP5 MP2721 — 5A, SINGLE-CELL, I°C-CONTROLLED BUCK CHARGER

ELECTRICAL CHARACTERISTICS (continued)
Ta=-40°C to +125°C, Ta = 25°C and Vsarr = 4V for typical values, unless otherwise noted.

Parameters Symbol |Condition Min | Typ | Max | Units
m‘:’; k\:voall(;m temperature falling ViARM C\sN aA g?\;c:erét;%%/oo&\g\%\gc, 319032503311 %
m‘:’;k\:voall;n;]ﬁ;gfee;g[ure falling As a percentage of Vvrntc 14 %
l\rI]':'eCS kf:(c))l'[dtemperature falling Vior CSH g _?e:rcze?’r;;a?go?é ;/VRNTC, 22712331239 %
m-{gskr:glt dtir;sggzgij;e falling As a percentage of Vvrntc 14 %
BATTFET Over-Current Protection (OCP)
BATTFET over-current (OC) leATT ocP 7 A
threshold -
PWM Converter
SW_FREQ = 750kHz 630 | 750 | 895 | kHz
I SW_FREQ = 1000kHz 900 |1050|1280| kHz
Switching frequency fsw
SW_FREQ = 1250kHz 1060|1250 |1450| kHz
SW_FREQ = 1500kHz 1260|1475|1680| kHz
Boost
Boost regulation voltage Vemip_rec | VBOOST =5.15V, Ta =-40°C to +85°C | 5.08 | 5.15|5.22| V
BATT_LOW comparator falling Vearr Low BATT_LOW =3V 288 3 |312]| V
threshold - BATT_LOW = 3.3V 3.20|3.33|3.46| V
EQE@LS?SW comparator 200 mv
BATT_LOW comparator to BATT Low 10 ms
debounce time il
- OLIM =500mA, Ta = 0°C to 70°C 500 615 | mA
Boost output current limit IBST LM
OLIM =1.5A, Ta=0°Cto 70°C 1500 1700 mA
Boost OVP threshold Vest_ovp |Boost mode, Vin rising 55 | 58 | 6.1 Y
VCC LDO
VCC output voltage ‘ Vvee Vin =5V, lvec = 5mA ‘ ‘ 3.65 ‘ ‘ \%
IB Output (Ta = 0°C to 70°C)
lis, charging, leatt = 100mA 11 2 28 | PA
. lig, charging, leatr = 1A 18.2| 20 |22.1| pA
IB current output gain lis 5 5
lis, discharging, Isart = 100mA 11 2 28 | PA
lig, discharging, lsatt = 1A 18.2| 20 |22.1| pA
Impedance Test
IVIN_SRC = 10pA 6 10 | 14 | pA
Input impedance test current Ilvin_sre | IVIN_SRC = 40pA 28 | 40 | 52 MA
IVIN_SRC = 320pA 240 | 320 | 405 | pA
Input impedance test Vo|tage VN TEST VIN_TEST = 0.5V 0.46| 05 |0.54 Vv
threshold - VIN_TEST = 1.5V 14 | 15|16 | V
Notes:
8) Guaranteed by design.
MP2721 Rev. 1.1 MonolithicPower.com 9
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mP5 MP2721 — 5A, SINGLE-CELL, I°C-CONTROLLED BUCK CHARGER

ELECTRICAL CHARACTERISTICS (continued)
Ta=-40°C to +125°C, Ta = 25°C and Vsarr = 4V for typical values, unless otherwise noted.

Parameters ‘ Symbol ‘Condition ‘ Min ‘ Typ ‘ Max ‘ Units
Logic I/O for SCL, SDA, INT, RST, STAT
Logic input low voltage Vi 0.4 \%
Logic input high voltage ViH 1.3 \%
Open-drain output low voltage VoL Isink = 10mA 0.2 \%
RST pull-up resistor RpuLL_up 200 kQ
D+/D- Detection
DCD D+ pull up current Iop_src 7 10 | 13 MA
DCD D- pull low resistance Rom_pwn 16 | 20 | 24 kQ
D+D- source voltage low Vsrc_ L 550 | 600 | 650 | mV
D+D- source voltage high Vsrc_H 31| 33| 35 \%
D+D- sink current Isnk 50 | 100 | 150 | pA
Data detect voltage VDAT_REF 300 | 350 | 400 | mV
) Low threshold 095 1 |105| V
Non-standard 1.2V window V1p2_TH -
High threshold 133| 14 |147| V
, Low threshold 173|118 |187| V
Non-standard 2V window V2po_TH ;
High threshold 2171225233 | V
Non-standard 2.7V window V2p7_TH Low threshold 23 124 125| V
- High threshold 2.9 3 3.1 \%
Timing
Battery Charger
Charge termination deglitch time | trerm pcL 250 ms
Charge timer tche_TMmr |CHG_TIMER = 10hr 8 10 | 12 hr
Top-off timer tror_orr | TOPOFF_TIMER = 30min 24 | 30 | 36 | min
Esri\]téery auto-recharge deglitch fRECH DL 100 ms
RST Timing
Eigebw time to exit shipping tsHiPMODE 09|11 13 S
RST low time to reset BATTFET trsT 8 10 | 12 s
BATTFET reset time tsys_RrsT 250 | 330 | 400 | ms
Enter shipping mode delay tsHiP_bLY 10 | 12 | 15 s
Watchdog and Clock
Watchdog timer twot WATCHDOG = 40s 40 s
I2C clock fscL 400 | kHz
MP2721 Rev. 1.1 MonolithicPower.com 10
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mps MP2721 — 5A, SINGLE-CELL, I?*C-CONTROLLED BUCK CHARGER

TYPICAL PERFORMANCE CHARACTERISTICS

ViN = 5V, VBaTT = full range, I2C-controlled, lcc = 1040mA, IIN_LIM = 3A, VIN_MIN = 436V, L = 1|.|H
(DCR =12mQ), Ta = 25°C, unless otherwise noted.

Charge Efficiency Boost Efficiency
Vgarr = 3.8V, L =1pH Vaoost = 5.15V, L = 1uH
(DCR = 12mQ) (DCR = 12mQ)
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Battery Regulation Shipping Mode Current vs.
Voltage vs.Temperature Temperature
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MP2721 — 5A, SINGLE-CELL, I?*C-CONTROLLED BUCK CHARGER

meSs

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

ViN = 5V, Veatr = full range, I2C-controlled, lcc = 2A, |IN_LIM = 3A, VIN_MIN = 436\/, L = 1|.IH
(DCR =12mQ), Ta = 25°C, unless otherwise noted.

Battery Charge Profile
ViN =5V, lcc = 2A, Isys = 0A

Auto-Recharge
Vin =5V, lcc = 2A, Isys = 0A

CHL1: VstaT CH1: VstaT P
CH2: Vsys CH2: Vsys
CH3: Veatr L CH3: Veatr
CH4: lsatr [ Sesssend CH4: lgatr
I T @0 Y 8. o [ mem
Charge Steady State Charge Steady State
ViNn = 5V, VeatT = 3.8V, lcc = 2A, Isys = 0A ViN = 9V, VeatT = 3.8V, lcc = 5A, Isys = 0A
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meSs

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
ViN = 5V, Veatr = full range, I2C-controlled, lcc = 2A, |IN_LIM = 3A, VIN_MIN = 436\/, L = 1|.IH
(DCR =12mQ), Ta = 25°C, unless otherwise noted.
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TYPICAL PERFORMANCE CHARACTERISTICS (continued)
ViN = 5V, Veatr = full range, IZC-controlled, lcc = 2A, |IN_LIM = 3A, VIN_MIN = 436\/, L = 1|.IH

(DCR =12mQ), Ta = 25°C, unless otherwise noted.
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FUNCTIONAL BLOCK DIAGRAM
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OPERATION

The MP2721 is a highly integrated [°C-
controlled, switch-mode battery charger IC with
narrow-voltage DC (NVDC) power path
management for the single-cell lithium-ion or
lithium-polymer battery applications. The
MP2721 integrates the reverse blocking
MOSFET (RB-FET, Qr), high-side switching
MOSFET (HS-FET, Qu), low-side switching
MOSFET (LS-FET, Q.), and battery MOSFET
(BATTFET, Qg).

VCC Regulator

The VCC regulator is powered from the higher
voltage between the BATT and PMID pins. The
VCC pin requires an external 4.7uF bypass
capacitor. The VCC pin provides power for the
internal circuits and the gate drivers. When the
VCC pin voltage (Vcc) exceeds Vyec uy, the 12C
interface is ready for communication, and all of
the registers are reset to their default values.
The VCC pin can be used for external logic pull-
up, but is not recommended for excess loads.

Battery Power-On

If an input source is not available, the battery is
connected, and the battery voltage (Vearr)
exceeds the BATT UVLO threshold (Veatr wv),
the BATTFET turns on and powers up the
system. The low quiescent current and low
voltage drop on BATTFET minimize battery
consumption and maximize the battery runtime.
The BATTFET’s discharge current is monitored.
If the system is overloaded or shorted to ground
(Isatt > lgaTT_oCP), the device turns off BATTFET
immediately and sets the BATTFET_DIS bit to
1. The BATTFET can be re-enabled following
the methods described in the Exit Shipping
Mode section on page 20.

Input Power-On

When an input source is plugged in, the IC
detects the input source type and sets the input
current limit (In_um) before the buck converter
starts. The start-up sequence from the input
source is described in detail below:

1. The input voltage (Vi) is detected.

2. The hold-off timer (about 250ms) runs.
3. Input source type detection starts.
4

|IN_LIM is set.

5. If EN_BUCK =1, the buck converter starts.
6. If EN_CHG =1, charging starts.

Hold-Off Timer

When a valid input source is detected, the IC
runs a hold-off timer (tnoo, typically about
250ms) before detecting the input source type.
tiooo can be bypassed by setting the
HOLDOFF_TMR bit to 0.

Input Source Type Detection

The IC runs D+/D- detection when all of the
following conditions are met:

e Vi exceeds Vin_uv

e Vnis below Vin ov

e VINGD=1

e tyoo €Nds

e AUTODPDM =1, or FORCEDPDM is set

D+/D- detection includes USB Battery Charging
Specification 1.2 (BC1.2) and non-standard
adapter detection. BC1.2 detection begins with
data contact detection (DCD). If DCD is
successful, the standard downstream port
(SDP), dedicated charging port (DCP), and
charging downstream port (CDP) are
distinguished by primary and secondary
detection. If the DCD timer expires, then non-
standard adapter detection is initiated. Table 1
lists the criteria for non-standard adapter
detection.

Table 1: Non-Standard Adapter Detection

Adapter

Type D+ Voltage (Vb+) | D- Voltage (Vpb.)

Divider 1 | Vp+ within Vzpo_t | Vb- within Vzp7_tH

Divider 2 | Vp+ within Vzp7_t | Vb- within Vzpo_tH

Divider 3 | Vp+ within Vzp7_t | Vb- within Vap7_thH

Divider 4 | Vp+ within Vip2_tv | Vb- within Vip2_thH

If a DCP is detected, the device is ready to
detect a high-voltage adapter. If a high voltage
adapter is detected, DPDM_STAT is set to
1001 and an INT pulse is generated, the device
is ready to configure the D+/D- pins according
to host set-up in register OBh.

If AUTODPDM = 0, then D+/D- detection is
bypassed and the DPDM_STAT bits remain set
to 0000.

MP2721 Rev. 1.1
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Table 2 lists the Iinum settings from D+/D-
detection.

Table 2: Input Current Limit Setting by D+/D-

Detection
D+/D- Detection Input Current Limit

Not started 500mA

USB SDP 500mA
USB DCP 2A
USB CDP 1.5A
Divider 1 1A
Divider 2 2.1A
Divider 3 2.4A
Divider 4 2A
Divider 5 3A

Unknown 500mA
High-voltage adapter 2A

Input Current Limit (Iin_Lim) Setting

After input source type detection finishes, the
following actions are executed:

e The DPDM_STAT bits are updated
e | umis updated
e The VIN_RDY bitissetto 1

When the VIN_RDY bit is set, an INT pulse
asserts and Iy um is updated. The host can
overwrite the IIN_LIM registers to modify Iin_Lim.

If the FORCEDPDM bit is written to 1, then
D+/D- detection restarts. After D+/D- detection
finishes, the DPDM_STAT bits and I um
update. An INT pulse follows this action.

Input Voltage Limit (Vin_Lim) Setting

The MP2721 supports a configurable input
voltage limit (Vin_um). If Vin drops to the set
Vin_ um due to the input source capability or a
cable voltage drop, then the duty cycle is limited
to prevent Vv from dropping further. This
reduces the converter’s total output current.

If the EN_VIN_TRK bit is set to 0, then the
absolute Vin_um is set by the VIN_LIM register.
If the EN_VIN_TRK bit is set to 1, then Vin_um is
the maximum value between the VIN_LIM
register’s setting and (Vgart + 165mV).

Buck Converter and Charger Start-Up

After the VIN_RDY bit is set to 1, the buck
converter soft starts if EN_BUCK = 1. The buck
converter’'s switching frequency (fsw) can be set
between 750kHz and 1.5MHz. Peak current
control mode is adopted to regulate the system
voltage (Vsvs), battery charge current, battery
regulation voltage (Vearr rec), Iin_um, Vin_um, and
the device die temperature loops.

If the EN_CHG bit is set to 1, the device
automatically starts charging.

NVDC Battery MOSFET (BATTFET)

Using the NVDC structure, the BATTFET
separates the system from the battery and
controls the battery charging and discharging.
With power path management, the device
prioritizes the system (SYS) output by utilizing
the input source, battery, or both.

When the input source is absent, the BATTFET
turns fully on to pass the battery power to the
system via the ultra-low impedance path. When
the input source is present and the buck
converter has started up, the system output is
related to Vearr in the following ways:

1. When Vearr is below the minimum system
voltage setting (Vsvs min), Vsys is regulated
to (Vsys min + Vtrack), where Virack IS
typically 150mV. Depending on Vgarr, the
BATTFET works in linear mode to charge
the battery with a trickle-charge, pre-charge,
or fast charge current.

2. Once VgaTr exceeds Vsys_M|N, the BATTFET
turns on fully and the voltage difference
between Vsys and Vearr is the BATTFET
resistive voltage drop.

3. When charging is disabled or terminated,
Vsys is always regulated to Vrrack plus the
higher value between Vsys min and Vearr. In
this scenario, Vtrack is typically 100mV.

The status register VSYS_STAT indicates
whether the system is in Vsys_min regulation.

Figure 3 on page 18 shows Vsys regulation as
Veatr Changes.

MP2721 Rev. 1.1

MonolithicPower.com 17

1/3/2023 MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.
© 2023 MPS. All Rights Reserved.



meS

MP2721 — 5A, SINGLE-CELL, I°C-CONTROLLED BUCK CHARGER

Vsys
VSYS_REG ?\
VTRACK
VSYS_MIN
VBATT
a) Charging Enabled
Vsys
Vsys_rec ? \
VTRACK
VSYSfMIN

VBATT

b) Charging Disabled
Figure 3: Vsys Regulation with Veatr

Dynamic Power Management

During buck converter operation, the MP2721
continuously monitors the input current (ln) and
Vin. When the input current limit or input voltage
limit is reached, the charge current is reduced
to prevent the input source from being
overloaded.

If the charge current drops to zero, Vsys starts
to drop due to the input power limitation. Once
Vsys falls below Vegarr, the IC automatically
enters supplement mode.

If the converter operates in the input current
loop or input voltage Ilimit loop, the
IINDPM_STAT or VINDPM_STAT bitis setto 1,
respectively. This is followed by a maskable
INT pulse.

Supplement Mode

When Vsys falls below Vgarr, the BATTFET
turns on to prevent Vsys from dropping further.
In this scenario, the buck converter and the
battery work together to provide power for the
system.

Battery Charging

The MP2721 can autonomously run a charging
cycle without host involvement. The host can
also control the charging operations and
parameters via the registers.

A new charge cycle starts when all of the below
conditions are met:
e The buck converter has started up

e The NTC pin’s (NTC1 and NTC2) voltages
are within the acceptable ranges

e BATTFET is on (BATTFET_DIS =0)
e Charging is enabled (EN_CHG =1)
Charging Profile

The MP2721 detects Vgarr to provide four main
charging phases: trickle-charge, pre-charge,
constant-current charge and constant-voltage
charge (see Table 3).

Table 3: Charge Current Setting

Battery Voltage Charge | Default | CHG_

(VBaTT) Current | Value | STAT
VBATT < VBATT TC Itrickte | 128mA 001
<

VBATT TC < VBATT < e 240mMA 010
VBATT_PRE

VBATT_PRE < VBATT < lec oA 011
VBATT_REG

VBATT = VBATT_REG <lcc - 100

Throughout the charging process, the actual
charge current may be below the register
setting due to other regulation loops, such as
the input current loop, input voltage loop, or
thermal regulation. In this scenario, charge
termination is blocked and the charge timer
counts at half of its usual speed if EN_TMR2X =
1. Figure 4 shows the battery charge profile.

Vet _Reg| JrTeseeeseeeccccooe tecaaa

Charge Current |
Battery Voltage 8 cHe

VBATTiPRE X

&
s
.

Vearr 1c

lPRE
Irerm
lTC

—»
ToPorf  Safety Timer
Timer

Figure 4: Battery Charging Profile

Trickle charge | Pre-charge CC Fast Charge | Constant Voltage Charge

Charge Termination

If all the following conditions are met, charging
is terminated:

e Termination is enabled (EN_TERM = 1)

e The charge current is below the termination
threshold for trec pe. (@about 250ms)

e The device is charging in the constant-

MP2721 Rev. 1.1
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voltage phase

e The device is not in an input current or input
voltage loop

e The device is not in thermal regulation

After termination, the status register
CHG_STAT is set to 101, the STAT pin
indicator goes high, and an INT pulse is
generated.

To restart a new charge cycle once charging
terminates, re-plug in the input source or toggle
the EN_CHG bit.

To fully charge the battery, a top-off timer can
be applied after termination is detected. The
TOPOFF_TIMER bits set the top-off timer. The
TOPOFF_ACTIVE bit is 1 when the top-off
timer is active. A maskable INT pulse is
generated when entering and exiting the top-off
time. During top-off timer operation, charging
continues, while the CHG_STAT bits and the
STAT pin both indicate that charging is done.

The top-off timer can be reset by any of the
conditions listed below:

e Charging changes from disabled to enabled
¢ Recharging begins
e The REG_RST bitis set

Automatic Recharge

When the battery is fully charged and charging
is terminated, the battery may be discharged
due to system supplement mode or self-
discharge. When Vparr discharges to the
recharge threshold, the MP2721 automatically
starts a new charging cycle without requiring a
manual charge cycle restart, as long as the
input power is valid. There is a deglitch timer
(trecH_pcL, about 100ms) to detect whether Vearr
is below the recharge threshold. An INT pulse
asserts when automatic recharging starts.

JEITA Thermistor Qualification

The MP2721 supports the JEITA profile to
manage the charging parameters by
continuously monitoring the NTC1 and NTC2
pin voltages. Two independent negative
temperature coefficient (NTC) thermistors with
temperature sensing and flexible configurations
are provided. The NTC1 and NTC2 pins can be
enabled and disabled by setting the
NTC1_ACTION and NTC2_ACTION bits,

respectively.

The EN_PG_NTC2 bit should be set to 1 to
enable the NTC2 channel. When the
EN_PG_NTC2 bit is set to 0, there is only one
NTC monitor.

If the corresponding NTC channel is enabled,
the voltage on the NTC pin must be within the
Vot to Veolp range to initiate a charge cycle. If
the NTC pin voltage is outside the Vuor t0 Vcoip
range, then the MP2721 suspends charging
and waits for the NTC voltage to return to the
standard range.

In the cool temperature range (Vcowp t0 Vcool),
the charge current and/or charge voltage are
reduced according to the COOL_ACT,
JEITA_ISET, and JEITA_VSET settings.

In the warm temperature range (Vwarm t0 Vhor),
the charge voltage and/or charge current are
reduced according to the WARM_ACT,
JEITA_ISET, and JEITA_VSET settings.

The Vcowp, Vcoor, Vwarm, and Vuor thresholds
all have four configurable percentage levels.

The temperature conditions can be read in
NTC1 FAULT and/or NTC2_FAULT bits. An
INT pulse is generated when the NTC1 or
NTC2 condition changes.

The NTC1 pin and NTC2 pin share the same
configurable thresholds. Table 4 shows the
detection priority when the detection results
between the two NTC inputs are different.

Table 4: JEITA Detection Priority

NTC1
NTC2 Hot | Warm |Normal| Cool | Cold

Hot Hot Hot Hot Hot Hot

Warm Hot Warm | Warm | Warm | Cold

Normal Hot Warm | Normal | Cool Cold

Cool Hot Warm Cool Cool Cold

Cold Hot Cold Cold Cold Cold

For battery temperature protection during boost
mode, if the NTC1_ACTION or NTC2_ACTION
bit is set to 1, the device compares the NTC1
and/or NTC2 pin voltage with the Vcop and
Vhor thresholds. If the NTC pin voltage is
outside the Vcowp to Vwor range, then boost
mode is suspended. The NTC1 FAULT or
NTC2_FAULT bit is also set to report the
condition.

MP2721 Rev. 1.1
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The preset hot, cold, warm, and cool voltage

thresholds are defined for a B = 3435 thermistor.

It is recommended to use a pull-up resistor with
a value that matches the thermistor’s resistance
at 25°C.

Figure 5 shows the JEITA voltage/current
regulations  with the following  set-up:
NTC1_ACTION = 1, NTC2_ACTION = 0,
WARM_ACT = 01, COOL_ACT = 10,
JEITA_VSET = 00, and JEITA_ISET = 00.

Charge Current

50% of lcc

Charge Voltage

100mV below
VBATT_R EG

[ [ [ [

Cold Cool Normal Warm Hot
Figure 5: NTC Window under JEITA Control

Charging Safety Timer

The MP2721 has a built-in safety timer to
prevent an extended charging cycle due to
abnormal battery conditions. When Vgarr is
below the Vsarr pre threshold, the safety timer
is fixed to 2 hours. When Vgarr exceeds the
Vearr pre  threshold, the safety timer is
configured by the CHG_TIMER bits. When the
CHG_TIMER bits are set to 00, both the pre-
charge timer and the fast-charge timer are
disabled.

Charging is disabled after the safety timer
expires. Then the fault register's CHG_FAULT
bit is set to 10, and an INT pulse is generated.

During an input current, input voltage, thermal
regulation, or JEITA cool/warm conditions
(when charge current reduction is enabled), the
charge timer counts at half of its usual rate.
This halved clock rate function can be disabled
by setting the EN_TMR2X bit to 0.

The charging safety timer resets if any of the
following conditions are met:

e The input source is unplugged

e EN BUCK or EN_CHG is toggled

o The REG_RST bitis set

Remote Battery Voltage Sense

To minimize the parasitic trace resistance
during charging, the BATTSNS pin can be
connected to the actual battery pack’s positive
terminal. Remote sensing of the battery voltage
accelerates the charging speed by helping the
charger stay in constant-current charge mode
for longer.

Shipping Mode

Entering Shipping Mode

When the host sets the BATTFET_DIS bit to 1,
the MP2721 turns off the BATTFET

immediately or after a set delay time (tswir_pLy),
configured by the BATTFET_DLY bit.

Exiting Shipping Mode
When the MP2721 is in shipping mode

(BATTFET_DIS = 1), either of the below events
can wake up the BATTFET:

e An input source is applied

e The RST pin pulls low for tshipmope

BATTFET Reset

When the input source is absent, the system is
powered by the battery through the BATTFET.
The system can be forced to have a hardware
power-on reset (POR) by changing the
BATTFET status from on to off, then back to on.

For this function, the RST pin can be
connected to the device’s push-button. The

If the RST pin is driven low for trst While the
input source is not plugged in and
BATTFET _DIS = 0, the BATTFET turns off for
tsys_rst, then it is enabled again (see Figure 6).

This function can be disabled by setting the
BATTFET_RST_EN bit to O.

—_——————————— _——— e ——— — — — — — —

I
T
| Button Presse: |
| I
|
|
I
|
I
|

vs_RsT
||

le
T T
BATTFET On BATTEET BATTFET O

2 AU

L BATTFET Of
(°C Written or System OCP)
[

Exit Shipping Mode System Reset

Figure 6: RST Timing
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Power Good (PG) Indication

When EN_PG_NTC2 is set to 0, the PG/NTC2
pin acts as the power good (PG) indicator. This
pin goes low to indicate a good input source
when all of the following conditions are met:

e V)yexceeds Vin uv

° V|N is below VIN_OV

e The 15ms debounce timer has passed

STAT and IB Indication

When the EN_STAT_IB bit is set to 0, the
charging status is indicated on the open-drain
STAT/IB pin (see Table 5).

Table 5: STAT Indication

Charging State STAT
Charging Low
Charging is complete, top-off timer, High
boost mode, charging is disabled 9
Charging is suspended (due to

battery OVP, input OVP, timer fault, Blinks at
or an NTC fault), boost mode is 1Hz

suspended (due to an NTC fault,
OTP, or BATT_LOW)

When EN_STAT IB is set to 1, the STAT/IB pin
acts as an analog current source output that
indicates the battery current flowing into or out
of the battery. The current’s direction can be
read via the BFET_STAT bit. Connect a resistor
load between the STAT/IB pin and AGND to
sense the IB current. If IB_EN is set to 1, the IB
output is always on. If IB_EN is set to 0, the IB
output is only on when the device is switching.

The IB output voltage ranges between 0V and
Vce. The host can measure the IB voltage to
make a software fuel gauge or monitor the peak
discharge current.

Interrupts (INT)

A 256ps interrupt pulse is generated on the
open-drain INT pin if any of the interrupt events
occur. See the Interrupt List section on page 37
for more detalils.

Watchdog Functions (Bark and Bite)

After the first battery or Vv start-up, the
MP2721 operates with the default set-up. The
watchdog timer is expired by default with
WATCHDOG_FAULT = 1.

Writing 1 to WATCHDOG_RST starts the
watchdog timer.

The watchdog timer has a bark function that
generates an INT pulse when the watchdog
timer is 3/4 of the way through its timer. The
host can distinguish this condition by reading
the WATCHDOG_BARK bit.

To maintain custom settings after the watchdog
timer starts, write 1 to the WATCHDOG_RST
bit before the watchdog timer expires. If the
watchdog timer expires, the registers are reset
according to the register table. After the
watchdog timer expires, an INT pulse is sent
and the WATCHDOG_FAULT bit is set to 1.

The watchdog timer can be disabled by setting
the WATCHDOG bit to 00. If the watchdog
timer is disabled, the registers keep their values
until a POR.
Boost Mode

By boosting from the battery, the MP2721 can
supply a regulated output at the IN pin. Boost
mode starts once all of the following conditions
are met:

(] V|N is below V|N_Uv
e The EN_BOOST bitis setto 1

e The voltages on the NTC pins (NTC1 and
NTC2) are within the acceptable range

e Vgarr €xceeds Vearr uv
e |If BOOST STP =

VBATT Low

1, Veatr must exceed

The boost PWM'’s switching frequency is the
same as the buck converter’s setting.

The boost voltage loop regulates the PMID pin
voltage at the value set by the VBOOST bits.

The boost output current loop limits the output
current at the value set by OLIM bits for the
Vin > VearT + Vipru range.

The boost mode start-up sequence follows the
steps below:

1. The converter soft starts and regulates the
PMID voltage.

2. The blocking FET (Qgr) soft starts and
regulates the discharge current from PMID
to IN.

MP2721 Rev. 1.1
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3. Once the IN pin starts up successfully, the
boost is controlled to regulate the PMID
voltage and the output current sensed
through Qr.

The boost converter’'s soft-start function allows
the device to power into large capacitive loads
on the IN pin.

Forced Input Current Limit

When an input source is plugged in during sink
mode, the MP2721 runs the start-up sequence
and initiates input source type detection. After
detection finishes, Inuw IS automatically
generated. The I uwm result is returned by the
[IN_LIM bits.

If the host does not want to use the
automatically generated In v, there are two
ways to set Inuwm to different values via

configuring either the 1IN_MODE or IIN_LIM bits.

If the IIN_MODE bits are set to 000, the
MP2721 runs with the automatically generated
Iin_um (returned by the IIN_LIM bits). However,
once the VIN_RDY bit is set, the host can
override the IIN_LIM bits to set In v to any
value. This requires host involvement every
time the converter starts up.

If the IIN_MODE bits are set to other values,
In_um is forced and fixed. For example, if the
IINMODE bits are set to 101, the device
always runs with a fixed 2000mA | um,
ignoring the input source type detection.

Input Impedance Test

The MP2721 supports an input impedance
testing function. By sourcing a current on the IN
pin, the device can detect the impedance on the
connecter receptacle (water detection).

The host can write 1 to the VIN_SRC_EN bit to
turn on the input impedance test by sourcing a
current to the IN pin. The testing current can be
configured via the IVIN_SRC bits. If V|y rises to
the threshold configured via the VIN_TEST bit,
then VIN_TEST HIGH is set to 1 and latched.
This is followed by an INT pulse.

The host can write 0 to the VIN_SRC_EN bit to
turn off the test current source and clear the
VIN_TEST_HIGH bit.

The VIN_SRC _EN bit can only be effective
when neither the buck nor boost is operating,
and the current source’s maximum pull-up

voltage is 2.5V. If Viy > Vin_uv is detected during
the test, then the VIN_SRC EN and
VIN_TEST_HIGH bits are reset to 0 and the
test ends immediately. If boost mode is enabled
during the test, then the VIN_SRC EN and
VIN_TEST_HIGH bits are reset to 0 and the
test ends immediately.

Lock Function

The MP2721 supports a lock function that limits
the value of some key parameters (prevents
accidental I°C writing). The battery regulation
voltage, constant-current charge current, pre-
charge current, and JEITA voltage/current
settings are some of these parameters.

To enable the lock function, the host can set the
above parameters to a target value, then write
the LOCK_CHG bit to 1. After this operation,
these parameters can only be written to values
lower than the previously set value.

Any of the following events can unlock the
parameters:

e The host writes the LOCK_CHG bitto 0
e The host writes the REG_RST bitto 0
e The device shuts down

Protections
Battery Under-Voltage Protection (UVP)

If the battery is discharged below Vgarr uv when
the input source is absent, then the BATTFET
turns off and all registers reset.

BATTFET Over-Current Protection (OCP)

The MP2721 monitors the BATTFET’s current.
If SYS is overloaded or experiences a short and
the battery discharge current reaches the
Isatt_ocp threshold, then the BATTFET turns off
and latches. In addition, the BATTFET_DIS bit
is set to 1. To release the latch, apply one of
the methods described in the Exiting Shipping
Mode section on page 20.

Input Over-Voltage Protection (OVP)

The MP2721 provides input over-voltage
protection (OVP) with a default rising threshold
of 6.3V. If the IN pin senses a voltage above
the Vin ov threshold, the buck converter stops
working, the CHG_FAULT bits are set to 01,
and an INT pulse is generated.

Battery Over-Voltage Protection (OVP)

MP2721 Rev. 1.1
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The battery OVP threshold is 104% of Vearr Rrec.

If a battery OV condition is detected, charging is
disabled. Meanwhile, the fault register’s
CHG_FAULT bits are set to 11, and an INT
pulse asserts.

Thermal Regulation and Thermal Shutdown

If the internal junction temperature reaches to
the thermal regulation limit (T; rec) configured
via the TREG bits (60°C to 120°C) during
battery charging, then the charge current is
reduced, charge termination is blocked, and the
charge timer runs at half rate. The status
register's THERM_STAT bit is set to 1, followed
by a maskable INT pulse.

If the internal junction temperature rises to the
shutdown threshold (T, swpn, about 150°C) at
any time, both the converter and BATTFET turn
off and all registers are reset. Once the junction
temperature returns to Tswpon_nys (about 30°C)
below T; ston (150°C), the MP2721 starts up
again and resumes normal operation.

Boost Over-Voltage Protection (OVP)

If Vin exceeds the regulation target and Vsst ove
during boost operation, the device stops
switching immediately. The BOOST_FAULT
bits are set to 010, and an INT pulse is
generated. Boost operation recovers once Vi
returns to its normal range.

Boost Overload Protection

If Vin dI’OpS below the (VBATT + VHDRM) or VIN_UV
threshold due to a heavy load or short during
boost operation, the blocking FET turns off and
restarts after 500ms. If a total of 8 restarts are
not successful, the boost converter stops and
latches off. Then the BOOST_FAULT bits are
set to 001 and an INT pulse is generated.

If the IN pin is shorted to GND before the boost
converter starts, the blocking FET also restarts
8 times. If this is not successful, the boost
converter stops and latches off.

Set the EN_BOOST bit to 0 to clear the
BOOST_FAULT bits.

Boost Battery Low Protection

The MP2721 can protect the battery from being
over-drained and prevent a system shutdown
during boost operation. If the BOOST_STP_EN

bit is set to 1 and Vgarr falls below the
BATT _LOW setting, boost operation
automatically turns off and the MP2721 latches.
The BOOST_FAULT bits are set to 100 and
generate a maskable INT pulse. The BATTFET
continues operating to provide power to SYS.

The battery low comparator has a 10ms de-
bounce time. Change the EN_BOOST bit to 0
to clear the BOOST_FAULT bits.

Boost Over-Temperature Protection

The MP2721 provides protection from over-
temperature conditions in boost mode. If the
BOOST_OTP_EN bit is set to 1 and the internal
junction temperature rises to the thermal
regulation limit (T, res, configured via the TREG
bits), then boost operation stops and the
MP2721 latches. The BOOST_FAULT bits are
set to 011, followed by an INT pulse. In this
scenario, the BATTFET continues operating to
provide power to SYS.

Change the EN_BOOST bit to 0 to clear the
BOOST _FAULT bits.

Serial Interface

The MP2721 uses an I>’C-compatible interface
to flexibly set charging parameters and
instantaneously report the device status. The
I°C is a two-wire serial interface with two
required bus lines: a serial data line (SDA) and
a serial clock line (SCL). Both the SDA and
SCL lines are open drains that must be
connected to the positive supply voltage with a
pull-up resistor.

The IC operates as a slave device and receives
control inputs from the master device, such as a
microcontroller (MCU). The SCL line is always
driven by the master device. The I?°C interface
supports both standard mode (up to 100kbps)
and fast mode (up to 400kbps).

All transactions begin with a start (S) command
and are terminated by a stop (P) command.
Start and stop commands are always generated
by the master. A start command is defined as a
high-to-low transition on the SDA line while SCL
is high. A stop command is defined as a low-to-
high transition on the SDA line when the SCL is
high (see Figure 7 on page 24).
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Stop (P) Command

Figure 7: Start and Stop Commands

For data validity, the data on the SDA line must
be stable during the high period of the clock.
The high or low state of the SDA line can only
change when the clock signal on the SCL line is
low (see Figure 8). Every byte on the SDA line
must be 8 bits long. The number of bytes that
can be transmitted per transfer is unrestricted.
Data is transferred with the most significant bit
(MSB) first.

Change

Data line of data

SCL stable allowed
/ Data valid

Figure 8: Bit Transfer on the 1°C Bus

Each byte must be followed by an acknowledge
(ACK) bit. The ACK bit is generated by the
receiver to signal to the transmitter that the byte
was successfully received.

Acknowledgement
Signal from Slave

The ACK signal is defined as when the
transmitter releases the SDA line during the
acknowledge clock pulse. This allows the
receiver to pull the SDA line low, which remains
low during the high period of the 9th clock pulse.

If the SDA line is high during the 9th clock pulse,
this is considered a not acknowledge (NACK)
signal. The master can then generate either a
stop command to abort the transfer or a
repeated start (Sr) command to start a new
transfer.

A slave address is sent after the start command.
This address is 7 bits long, followed by an 8th
data direction bit (R/W). A 0 indicates a
transmission (write), and a 1 indicates a request
for data (read). Figure 9 shows the address bit
arrangement.

MSB LSB

R/W

L——— Slave Address —————

Figure 9: 7-Bit Addressing

Figure 10 shows a data transfer on the 1C bus.
Figure 11 shows a single write sequence.
Figure 12 on page 25 shows a single read
sequence. Figure 13 on page 25 shows a multi-
write sequence. Figure 14 on page 25 shows a
multi-read sequence.

Acknowledgement
Signal from Receiver

A e G G Gn AV W G G

XXX

SCL

N\ AL AR AR AR
v Startor 4 \e—d e Meececa... +/ Stop or

! Repeated } ACK ACK ! Repeated }

v Start ' Start E

IR LU

Figure 10: Data Transfer on the I°C Bus
| 1] 7 1] 2| | 1| 8 | 1 |2]
S Slave Address | 0 | ACK Reg Address ACK Data to Address ACK | P
Figure 11: Single Write Sequence
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| 2] 7 1] 1 | 8 | 1 |1] 7 2] 1| 8 | 1 |1]
ACK ACK ACK Data -
Figure 12: Single Read Sequence
| 1] 7 1] 2| 8 | 2|
( o] o1 : IR : BEREY
ACK Y.No! Q) p— ACK
Figure 13: Multi-Write Sequence
| <] 7 1] 1| 8 | 1 |1 7 1] 1|
ACK ACK ACKD
I 8 | 1| 8 |+ 1 | 8 | 1 1]
Data at Address - Data at Addr + 1 - ..... Data at Addr +n -

Figure 14: Multi-Read Sequence
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REGISTER MAP

I2C Slave Address: 3Fh
Configuration Bytes: 00h~10h
Status Bytes: 11h~16h

CONFIGURATION BYTES (00h~10h)

Legend: POR = default value; WTD = watchdog; R/W = read/write; R = read-only, OTP-configurable =
the register’s default value can be configured via the OTP

REGOOh
. WTD -
Bits | Name POR Reset Type | Description Comments
Resets the register.
7 REG RST 0 ) RIW 0: Keep the current setting Th_is bit returns to O after it is
- 1: Reset the registers to their | Writtento 1.
default values
0: The STAT/IB pin is configured
as an open-drain status indicator
6 EN_STAT_IB 0 No R/W (STAT) OTP-configurable.
1: The STAT/IB pin is configured
as a battery current indicator (IB)
0: The PG/NTC2 pin is
configuredOI az an (opin-drain To enable the NTC2 channel,
power good indicator (PG this bit must be set to 1.
> | EN_PGNTC2 0 Noo | RW 19" The PGINTC2 pin is _
configured as a second | OTP-configurable.
thermistor input (NTC2)
After this bit is set to 1, any
0: Not locked . * e
1. The VBATT[5:0], ICC[4:0], ‘;gtgig,o"]"”tes 0 V?ﬁ;gg;g}’
4 LOCK_CHG 0 No R/W IPRE[2:0], JEITA_VSET[1:0], and N ) N
JEITA_ISET[1:0]  values  are | JEITA_VSET[L0], and
T ’ JEITA_ISET[1:0] can only
locked
reduce the set values.
0: Disable the hold-off timer '
3 HOLDOFF_TMR 1 Yes R/W 1 Enable the hold-off imer OTP-configurable.
. Configures both the buck and
2 SW_FREQII] 0 No RIW 8(1) 1;0:32 boost operating frequencies.
1 | sw Freoro L N RIW 10: 1.25MHz Default: 1MHz (01)
- Qo] © 11: 1.5MHz OTP-configurable.
When this bit is set to 0, the
VIN_LIM register sets the
absolute input voltage limit
. is fi Vin_Liv) value.
0 | EN_VIN_TRK 1 No riw | O Vinumis fixed (Vin_L)

1: Vin_um also tracks Veatt

When this bit is set to 1,
Vin_um is the maximum value
between VIN_LIM[3:0] and
(VBatT + 165mV).

MP2721 Rev. 1.1
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REGO1h
. WTD -
Bits | Name POR Reset Type | Description Comments
When setting these bits to 000, the
7 | IN_MODE[2] 0 No RIW 1 600: Follow the IIN_LIM setting | input current limit (In_uw) follows
001: Force Iin_im to 200mA the automatically generated lin_Lim
6 | IN_MODE[L] 0 No RIW 010: Force Iin_Lim to 500mA value in 1IN_LIM[4:0].
- 011: Force Iin_um to 900mA When setting these bits to other
100: Force IIN_LlM to 1500mA Va|ueS, ||N_L|M is fixed.
101: Force lin_um to 2000mA
5 IIN_MODEJ0] 0 No R/W | 110: Force Iin_uim to 3000mA Default: 000
OTP-configurable.
4 IIN_LIM[4] 0 No R/W | 1600mA. Sets Iin_Lim.
3 | IIN_LIM[3] 0 No R/W | 800mA. Range: 100mA to 3.2A
Offset:100mA
2 IIN_LIM[2] 1 No R/W | 400mA. Default: 500mA (00100)
1 IIN_LIM[1] 0 No R/W | 200mA. This is automatically updated after
input source type detection. The
0 IIN_LIMI[O] 0 No R/W | 100mA. host can overwrite the lin_Lim value.
REGO02h
. WTD -
Bits | Name POR Reset Type | Description Comments
7 | VPRE[1] 1 No rR/w | 00:2.4V Sets the pre-charge to fast charge
(1)(1)3 ggx battery voltage threshold.
6 | VPRE[O] 1 No RIW | 113y Default: 3V (11)
5 ICC[5] 0 Yes R/W | 2560mA.
4 ICC[4] 1 Yes R/W | 1280mA.
Sets the fast charge current.
3 ICCI[3] 1 Yes R/W | 640mA. g
Default: 2A (011001)
2 ICCI[2] 0 Yes R/W | 320mA. )
OTP-configurable.
1 ICCI[1] 0 Yes R/W | 160mA.
0 ICCJ[0] 1 Yes R/W | 80mA.
REGO3h
. WTD .
Bits | Name POR Reset Type | Description Comments
7 IPRE[3] 0 Yes R/W | 320mA. Sets the pre-charge current.
6 IPRE[2] 1 Yes R/W | 160mA. Range: 80mA to 680mA
Offset: 80mA
5 | IPRE[1] 0 Yes R/W | 80mA. Default: 240mA (0100)
4 IPRE[0] 0 Yes R/W | 40mA. OTP-configurable.
3 ITERM[3] 0 Yes R/W | 240mA. Sets the termination current.
2 ITERM[2] 0 Yes R/W | 120mA. Range: 30mA to 480mA
Offset: 30mA
1 ITERM[1] 1 Yes R/W | 60mA. Default: 120mA (0011)
0 ITERM[O] 1 Yes R/W | 30mA. OTP-configurable.
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REGO04h
: WTD —
Bits | Name POR Reset Type Description Comment
. Sets the recharge threshold.
7 | VRECHG 0 Yes rRw | Or100mv J
1: 200mv Default: 100mV
6 ITRICKLE[2] 0 Yes R/W 128mA. Sets the trickle charge current.
Range: 32mA to 256mA
5 ITRICKLE[1] 1 Yes R/W 64mA. Offset: 32mA
Default: 128mA (011)
4 ITRICKLE[Q] 1 Yes R/W 32mA. OTP-configurable.
3 | VIN_LIM[3] 0 No R/W | 640mV. Sets the input voltage limit
2 | VIN_LIM[2] 1 No RW | 320mV. (Vin_um) threshold.
Range: 3.88V to 5.08V
1 VIN_LIM[1] 1 No R/W 160mV. Offset:3.88V
0 | VIN_LIM[O] 0 No R/W | 80mV. Default:4.36V (0110)
REGO5h
. WTD -
Bits | Name POR Reset Type Description Comment
7 | TOPOFF_ 0 Yes RW | 00: Disabled
TMR[1] 01: 15 minutes Sets the timer to stop charging
TOPOFF_ 10: 30 minutes after charge termination.
6 | T™RIO] 0 Yes RIW 1 11. 45 minutes
5 VBATTI[5] 0 No R/W 800mV. Sets the Dbattery regulation
oltage (V .
4 | vBATT[] 1 No RW | 400mv. voltage (Vearr_rec)
Range:3.6V to 4.6V
3 VBATTI[3] 1 No R/W 200mV. Offset: 3.6V
2 VBATT[Z] 0 No R/W 100mV. Default: 4.2V (011000)
1 VBATT[1] 0 No RIW 50mV. Values above 101000 (4.6V) are
clamped to 101000.
0 | VBATT[(] 0 No R/W | 25mV. OTP-configurable.
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REGO06h
. WTD -
Bits | Name POR Reset Type Description Comment
7 VIN_OVP[1] 0 No RIW 82 xl,\, 8&2 = ?13\>/ Sets the input OVP threshold.
. IN = .
10: Viy OVP = 14V Default: 6.3V (00)
6 VIN_OVP[O] 0 No RIW 11: Vin OVP disabled OTP-configurable
) Sets the system minimum
5 | SYS_MIN[2] 1 No RIW 000: 2.975V regulation voltage (Vsys_min).
001: 3.15V
010: 3.325V Default: 3.588V (100)
4 | SYS_MIN[1] 0 No RIW (1)(1)8 g'ggsv The actual system regulation
e voltage is this value plus Vrtrack
101: 3.675V = 150mV
3 SYS_MIN[O] 0 No R/W 110: 3.763V ]
OTP-configurable
000: 60°C
2 | TREG[2] 1 Yes RIW 001 70°G Sets the thermal regulation
010: 80°C threshold for charge mode, as
1 TREG[1] 0 Yes RIW 011: 90°C well as the thermal protection
100: 100°C threshold for boost mode.
101: 110°C Default: 100°C (100
0 | TREGIO] 0 Yes RIW 110- 120°G (100)
REGO07h
: WTD _—
Bits | Name POR Reset Type Description Comment

Enables IB when only the battery
0: IB outputs when the | js present, which uses about 3pA
7 IB_EN 0 Yes R/IW switcher is on of battery current.

1: IB outputs all the time
Default: 0

After writing this bit to 1, the

WATCHDOG_ 1: Reset the watchdog

6 0 - R/W - watchdog timer is reset, and this
RST timer bit returns to 0.
00: Disable timer
5 | WATCHDOGI1] 0 Yes RIW 01 40s Default: 40s (01)
10: 80s OTP-configurable.
4 | WATCHDOG|0] 1 Yes R/W 11- 160s 9

3 EN_TERM 1 Yes R/W 0 Disable term_lnapon Default: Enable termination (1)
1: Enable termination

2 | EN_TMR2X 1 Yes riw | O: Disable 2x timer Default: Enable 2x timer (1)
- 1: Enable 2x timer

00: Disable timer
1 | CHG_TIMER[1] 1 ves RIW 01: 5hrs Sets the charge safety timer.
10: 10hrs .
0 | CHG_TIMER[O] | © Yes RW | 11 15nre Defauilt: 10hrs (10)
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REGO08h
. WTD i
Bits | Name POR Reset Type | Description Comment
Shipping mode or OCP.
0: Allow BATTFET 10 | \writing to this bit controls
7 BATTFET_DIS 0 No R/W | remain on whether the BATTEET is on or
1: Turn off BATTFET off. Reading this bit indicates the
BATTFET'’s status.
0: Turn off BATTFET SitTSTFETth&S_ det'?yl after
i i is setto 1.
6 | BATTFET DLY 1 No RIW Tﬁred'atef'fyB ATTEET aft -
» Tum o arer | pefault: Turn off BATTFET after
a 10s delay a 10s delay (1)
0: Disable the BATTFET
5 BATTFET_RST_ 1 Yes RIW reset function Default: Enable the BATTFET
EN 1: Enable the BATTFET | reset function (1)
reset function
4 | oLM[y 1 Yes r/w | 00: 500mA Sets the boost output current
01: 1.5A limit.
10: 2.1A
3 OLIM[0] 1 Yes RW | 11:3A Default: 3A (11)
011:5.35V
883 gégv Sets the boost output voltage.
1 | VBOOST[1] 1 No RIW | 111 515V Default: 5.15V (111)
110: 5.1V OTP-configurable.
0 | VBOOST[0] 1 No R/w | 101:5.05V
100: 5V
REGO0%h
. WTD _
Bits | Name POR Reset Type | Description Comment
7 RESERVED 0 No R Reserved.
6 RESERVED 1 Yes R Reserved.
5 RESERVED 0 Yes R Reserved.
4 RESERVED 1 Yes R Reserved.
3 RESERVED 0 Yes R Reserved.
0: Boost disabled
2 EN_BOOST 0 Yes R/W 1: Boost enabled
1 EN_BUCK 1 Yes RIW 0 Buck disabled Set this bit to 0 to force the buck
1: Buck allowed converter off.
0 EN CHG 1 Yes RIW O Charg!ng disabled Set this bit to 0 to force charging
- 1: Charging allowed off.
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REGOAh
. WTD -
Bits | Name POR Reset Type | Description Comment
7 RESERVED 0 No R Reserved.
6 RESERVED 0 No R Reserved.
0: D+/D- detection starts
manually Default: 1
. ; ; efault:
5 | AUTODPDM 1 Yes rw |1 D#/D-  detection
automatically starts after | oTp_configurable.
VIN_GD = 1 and the hold-
off timer ends
This bit returns to 0 after it is
0: Normal written to 1. This bit is only
4 FORCEDPDM 0 i RIW 1: Force D+/D- detection effective when an input source is
applied.
3 RESERVED 0 Yes R Reserved.
2 RESERVED 0 Yes R Reserved.
1 RESERVED 1 Yes R Reserved.
0 RESERVED 1 Yes R Reserved.
REGOBh
. WTD .
Bits | Name POR Reset Type Description Comment
7 RESERVED 0 No Reserved.
6 RESERVED 0 No Reserved.
5 RESERVED 0 No Reserved.
gi Disable HV adapter Default: Enable HV adapter
etection detection (1)
4 HVEN 1 No RIW 1: Enable HV adapter ]
detection OTP-configurable
This bit is only effective when
0: D+, D- unchanged DPDM_STAT = 1001 and
3 HVUP 0 i RIW 1: D+ = D- = 3.3V for 500us | HVREQI[1:0] = 11. This bit returns
to O after it is written to 1.
This bit is only effective when
0: D+, D- unchanged DPDM_STAT = 1001 and
2 HVDOWN 0 i RIW 1: D+ =D- = 0.6V for 500us | HVREQ[1:0] = 11. This bit returns
to O after itis written to 1.
1 HVREQI1] 0 Yes Rw | 00:D+=0.6V, D-=Hi-Z This bit is only effective when
01: D+ =3.3V,D-=0.6V _
10: D+ = 0.6V, D- = 0.6V DPDtI\1/I_STAT = 10_01. It resets to
0 HVREQIO0] 0 Yes R/W 11: D+ = 0.6V, D- = 3.3V 00 when VIN_GD = 0.
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REGOCh
: WTD _—
Bits | Name POR Reset Type Description Comment
7 RESERVED 0 No R Reserved.
The buck converter is not
NTC1 0: Only generate INT when the | affected by this bit.
6 ACTION 1 No R/W NTC1 status changes Default: 1
1: NTC1 is fully functional '
OTP-configurable.
The buck converter is not
NTC2 0: Only generate INT when the | affected by this bit.
5 ACTION 0 No R/W NTC2 status changes Default: 0
1: NTC2 is fully functional )
OTP-configurable.
BATT_OVP_ 0: Battery OVP is neglected .
4 EN 1 Yes RIW 1: Battery OVP is enabled Default: 1
) If  Vearr  falls below
3 | BATT_LOW[] | 0 No RIW | 00: 3V falling BATT_LOW, an INT pulse is
01: 3.1V falling generated with a 10ms
10: 3.2V fa”lng debounce_
2 BATT_LOWIO] 0 No R/W 11: 3.3V falling
Default: 3V (00)
0: The BATT_LOW comparator
only generates INT Default: 0
1 ESOST—STP— 0 Yes R/W 1: The BATT_LOW comparator ]
turns off boost operation and OTP-configurable.
latches
. .. Default:1
0 BOOST_OTP_ 1 Yes RIW 0: Boost OTP is ignored
EN 1: Boost OTP occurs at TREG OTP-configurable.
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REGODh
Bits | Name POR R\:\gs—gt Type Description Comment
00: No action during an NTC
7 | WARM_ 0 No R/W | warm condition
ACT[1] 01: Reduce Veart_rec during an If both the NTCl_ACTION
NTC warm condition and NTC2_ACTION bits are
10: Reduce lcc during an NTC | S€tto 1, see Table 4 on page
warm condition 19 for more details.
6 Xvé_ﬁg/]l— 1 No R/W 11: Redqce both Vearr ree and | pefault: 01
lcc during an NTC warm
condition
00: No action during an NTC cool
5 | COOL_ACT[1] | 1 No R/W | condition _ If both the NTCI1_ACTION
01: Reduce Veart_ree during an | and NTC2_ACTION bits are
NTC cool condition set to 1, see Table 4 on page
10: lRed(lilce lcc dunng an NTC 19 for more details.
4 | COOL_ACT 0 N R cool condition .
-ACTIO] ° W1 11. Reduce both Veart ree and | Default: 10
lcc during an NTC cool condition
3 JEITA_ 0 Yes R/W 00: Veart_rec - 100mV
VSETI1] 01: VearT_rec - 150mV Default: 00
2 JEITA_ 0 Yes RIW 10: Veart_Rrec - 200mV '
VSET[0] 11: Veart_rec - 250mV
1 | JEITA_ISET[1] 0 Yes RW | 00:50% of Icc
01: 33% of lcc Default: 00
0 JEITA_ISETI[O] 0 Yes R/W 10: 20% of Icc
REGOEh
: WTD i
Bits | Name POR Reset Type Description Comment
7 | VHOT[1] 1 Yes R/W | 00:29.1% (50°C) Sets the hot falling threshold,
gé 32(3‘?6(05% )C) as a percentage of Vvrnre.
. 0
6 VHOTI(] 0 Yes RIW 11: 20.4% (65°C) Default: 23% (10)
00: 36.5% (40°C Sets the warm falling
5 VWARM] 0 ves RIW 01: 32.6% E45°Cg threshold, as a percentage of
10: 29.1% (50°C) VvRnTC.
4 | VWARMIO] 1 Yes RIW | 11: 25.9% (55°C) Default: 32.6% (01)
3 | vcooL[l] 1 Yes rR/w | 00:74.2% (OZC) Sets the cool rising threshold,
01: 69.6% (5°C) as a percentage of VvrnTc.
10: 64.8% (10°C)
2 VCOOL[0] 0 Yes RIW 11: 59.9% (15°C) Default: 64.8% (10)
00: 78.4% (-5°C) Sets the cold rising threshold
1 | vCOLD[1] 0 Yes RIW 2 ets the cold rising threshold,
01: 74.2% (0°C) as a percentage of Vvrntc.
10: 69.6% (+5°C)
0 VCOLDI[0] 1 Yes R/W 11: 64.8% (+10°C) Default: 74.2% (01)
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REGOFh
. WTD .
Bits | Name POR Reset Type Description Comment
7 RESERVED 0 No R Reserved.
6 VIN_SRC_EN 0 Yes RIW 0 Normal _ Enables the input impedance
1: Source current to the IN pin test.
0000: 5pA
5 IVIN_SRC[3] 0 Yes R/W 0001: 10A
0010: 20pA
4 | IVIN_SRC[2] 0 Yes R/W | 0011: 40pA Configures the input
0100: 80pA impedance test current
3 | IVIN_SRC[1] 0 Yes R/w | 0101: 160pA source.
0110: 320pA
0111: 640pA
2 |V|N_SRC[O] 0 Yes R/W 1000: 1280L1A
1 | VIN_TEST[1] 0 Yes RIW 825 8'% Configures  the  input
10: 1V impedance test comparator
0 | VIN_TEST[0] 0 Yes RW | 11: 1.5V threshold.
REG10h
. WTD o
Bits | Name POR Reset Type Description Comment
7 RESERVED 0 No R Reserved.
6 RESERVED 1 No R Reserved.
0: Enable the THERM_STAT INT
MASK_ pulse )
5 | THERM 0 No RIW | 7. Mask the THERM_STAT INT | OTP-configurable.
pulse
0: Enable the VINDPM and
IINDPM INT pulses
4 | MASK_DPM 0 No RIW 1 1. "Mask the VINDPM and
IINDPM INT pulses
0: Enable the TOPOFF timer INT
MASK_ pulse
3 TOPOFF 0 No RIW 1: Mask the TOPOFF timer INT
pulse
2 RESERVED 1 No R Reserved.
0: Enable the BATT_LOW INT
MASK_BATT_ pulse
1 LOW 0 No RIW 1: Mask the BATT_LOW INT
pulse
0 RESERVED 0 No R Reserved.
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STATUS BYTES (11h~16h)

Legend: POR = default value; R/W =

read/write; R = read-only; INT = interrupt; YM = the interrupt can

be masked
REG11h
Bits | Name POR | R/W INT | Description
Returns the input source D+/D- detection result.
7 DPDM_STAT[3] - R No
0000: Not started (500mA)
0001: USB SDP (500mA)
6 | DPDM_STAT[2] - R No | 0010:USB DCP (2A)
0011: USB CDP (1.5A)
0100: Divider 1 (1A)
0101: Divider 2 (2.1A)
5 DPDM_STAT[1 - R No
- [1] 0110: Divider 3 (2.4A)
0111: Divider 4 (2A)
1000: Unknown (500mA)
4 DPDM_STATIO0] - R No | 1001: High-voltage adapter (2A)
1110: Divider 5 (3A)
3 RESERVED - No Reserved.
2 RESERVED - No Reserved.
0: Not in VINDPM
1 VINDPM_STAT - R YM 1 In VINDPM
0: Not in IINDPM
0 IINDPM_STAT - R YM 1* In INDPM
REG12h
Bits | Name POR R/W INT | Description
7 RESERVED - R No | Reserved.
When Vvin_uv < Vin < Vvin_ov in buck mode, this bit is set to 1 and the
PG pin is driven low (after a 15ms debounce time).
6 VIN_GD - R Yes ) ) )
0: The input source is not valid
1: The input source is good
Indicates whether input source type detection has finished.
IIN_LIM[4:0] is updated.
5 VIN_RDY - R Yes .
0: Vin is not ready to charge
1: Vin is ready to charge
4 RESERVED - R No Reserved.
3 THERM STAT . R YM O Not in thermal regulanon
- 1: In thermal regulation
0: VBATT < Vsvys min
2 VSYS_STAT ) R No 1: VeatT > Vsys_min
1 WATCHDOG _ ) R Yes 0: Normal
FAULT 1: The watchdog timer has expired
0 WATCHDOG_ ) R Yes 0: Normal
BARK 1: The 3/4 watchdog timer has expired
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REG13h
Bits | Name POR | R/W INT | Description
7 CHG_STAT[2] R R No | 000: Not charging
- 001: Trickle charge
010: Pre-charge
6 CHG_STAT[1 - R No
- [1] 011: Fast charge
100: Constant-voltage charge
5 | CHG_STAT[O] . R NO | 101: Charging is done
BOOST
BOOST 001: An IN overload or short (latch-off) has occurred
3 F AULT[I] - R Yes | 010: Boost over-voltage protection (OVP) (not latch) has occurred
500ST 011: Boost OTP (latch-off) has occurred
— - 100: The boost has stopped due to BATT_LOW (latch-off
2| FauLTO] R Yes pp _ ( )
1 | CHG_FAULT[1] - R | Yes | 00:Normal
01: Input OVP
10: The charge timer has expired
0 CHG_FAULTIO0] - R Yes | 11 Battery OVP
REG14h
Bits | Name POR R/W INT | Description
0: Normal
! NTC_MISSING i R Yes | 1:NTCIs missing (Vntc > 95% of Vvrnrc)
0: Normal
6 BATT_MISSING ) R Yes 1: The battery is missing (2 terminations detected within 3 seconds)
5 NTC1_FAULT[2] - R Yes | 000: Normal
001: Warm
4 NTC1_FAULT[1] - R Yes | 010: Cool
011: Cold
3 NTC1_FAULTI[O] - R Yes | 100: Hot
2 NTC2_FAULT[2] - R Yes | 000: Normal
001: Warm
1 NTC2_FAULTI[1] - R Yes | 010: Cool
011: Cold
0 NTC2_FAULTI[O] - R Yes | 100: Hot
REG16h
Bits | Name POR | R/W INT | Description
7 RESERVED - R No | Reserved.
6 TOPOFF_ACTIVE ) R YM 0 The top-off t!mer is not cquntlng
1: The top-off timer is counting
) 0: The battery is charging or disabled
5 BFET_STAT R No 1: The battery is discharging
The hysteresis = 200mV.
4 | BATT_LOW_STAT | - R YM | 0: Vearr is greater than BATT_LOW[1:0]
1: Veatr is below BATT_LOWI1:0]
3 RESERVED - R No | Reserved.
0: Vin is below the VIN_TEST threshold
2 | VIN_TEST_HIGH i R YeS | 1. Vi has reached the VIN_TEST threshold
1 RESERVED - No | Reserved.
0 RESERVED - No | Reserved.
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INTERRUPT LIST

. Can be
INT Name Related Registers Masked Event
VIN_GD VIN_GD changes No A good input source has been detected.
DPDM_DET_DONE DPDM_STAT[3:0] changes No DPDM detection is finished.
VIN_RDY VIN_RDY: 0 to 1 No The input current limit has been updated;
the buck converter starts.
CHG_DONE th:)H1((3)ISTAT[2:O]: any value No Charging has terminated.
CHG_STAT[2:0] exits 101
RECHARGE and enters the CC/CV No Recharging has been initiated.
charge
THERM_STAT THERM_STAT: O to 1 Yes | The IC has entered charge thermal
regulation.
WATCHDOG_FAULT | WATCHDOG_FAULT:0to 1 No A watchdog timeout has occurred.
WATCHDOG_BARK | WATCHDOG_BARK: 0to 1 No A watchdog bark has occurred.
HG_FAULT[1:0]: .
? %6 toL(J)l [1:0] One of the following charge faults has
CHG_FAULT e 00to10 No occurred: input OVP, battery OVP, or the
e 00011 charge timer has expired.
NTC_MISSING NTC_MISSING changes No NTC is missing.
BATT_MISSING BATT_MISSING changes No BATT is missing.
BOOST_FAULTI[2:0]:
e 000 to 001 One of the following boost fault has
e 000to 010 occurred: IN overload or short, boost
BOOST_FAULT e 010to 000 No OVP, boost OTP, the boost has stopped
e 000to 011 due to BATT_LOW.
e 000to 100
NTC1 _FAULT[2:0] or
NTC_FAULT NTC2_FAULT[2:0] changes No The NTC status has changed.
VINDPM_STAT VINDPM_STAT: 0 to 1 The Vi regulation loop has been
Yes entered.
[INDPM_STAT IINDPM_STAT: 0to 1 The lin regulation loop has been entered.
TOPOFF_TMR TOPOFF_ACTIVE changes Yes ;f:ge J OFOFF timer has started and
BATT_LOW BATT_LOW _STAT:Oto 1 Yes | Vearr has dropped to the BATT_LOW
threshold.
VIN TEST HIGH VIN TEST HIGH: 0o 1 No ViN _has rea_lched_the VIN_TEST threshold
- - - - during the input impedance test.
HVCHARGER DPDM_STATI[3:0]: any value No A high-voltage charger has been
to 1001 detected.
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ONE-TIME PROGRAMMABLE (OTP) MAP

The MP2721 has a one-time programmable (OTP) function to configure the default values for certain
registers. The OTP map below shows the OTP-configurable commands.

# | Bit[7] Bit[6] Bit[5] Bit[4] Bit[3] Bit2] |  Bit[1] Bit[0]
EN_PG HOLDOFF
00h | N/A | EN_STAT IB NTCa ™ N/A VR SW_FREQ[1:0] N/A
01h IIN_MODE N/A N/A NA ] N/A N/A
02h | N/A N/A | ICC[4:0]
03h IPRE[2:0] ITERM[3:0]
04h | NIA ITRICKLE[2:0] N/A
05h | N/A N/A VBATT[5:0]
06h VIN_OVP[L:0] SYS_MIN[2:0] N/A N/A N/A
o7h | NIA N/A WATCHDOGI[1:0] N/A N/A N/A N/A
08h | NIA N/A N/A N/A N/A VBOOST[2:0]
0Ah | N/A N/A AUTODPDM | NI/A N/A N/A N/A N/A
0Bh | N/A N/A N/A HVEN N/A N/A N/A N/A
NTC1 NTC2 BOOST BOOST
OCh | N/A ACTION ACTION N/A N/A N/A STP_EN OTP_EN
MASK
10h | N/A N/A THERM N/A N/A N/A N/A N/A
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ONE-TIME PROGRAMMABLE (OTP) DEFAULT

OTP Items Default
EN_STAT_IB 0: STAT
EN_PG_NTC2 0: PG

HOLDOFF_TMR 1: Enable the hold-off timer
SW_FREQ[1:0] 01: 1IMHz
[IN_MODE[2:0] 000: Follow the IIN_LIM setting

ICCI[5:0] 011001: 2A
IPRE[3:0] 0100: 240mA

ITERM[3:0] 0011: 120mA
ITRICKLE[2:0] 011: 128mA

VBATT[5:0] 011000: 4.2V

VIN_OVP[1:0] 00: 6.3V
SYS_MIN[2:0] 100: 3.588V

WATCHDOG][1:0] 01: 40s
VBOOST[2:0] 111:5.15V

1: D+/D- detection automatically starts after

AUTODPDM VIN_GD =1 and the hold-off timer ends
HVEN 1: Enable high-voltage adapter detection
NTC1_ACTION 1: Active
NTC2_ACTION 0: INT only

BOOST_STP_EN

0: The BATT_LOW comparator only generates

INT
BOOST _OTP_EN 1: Boost operation stops if Trec is reached
MASK_THERM 0: Allow INT

MP2721 Rev. 1.1
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APPLICATION INFORMATION

Selecting the Inductor

Inductor selection is a tradeoff between cost,
size, and efficiency. A lower-value inductor
corresponds to a smaller size, but also results
in a higher current ripple, higher magnetic
hysteretic  losses, and higher  output
capacitances. A higher-value inductor results in
a lower ripple current and smaller output filter
capacitors, but it also results in higher inductor
DC resistance (DCR) loss.

Estimate the required inductance with Equation

(1):

— VlN — sts x VSYS
Al

L

(1)

L _MAX \/IN ><1:SW

Where Vv is the input voltage, Vsys is the
converter output voltage, fsw is the switching
frequency, and Al._max is the maximum peak-to-
peak inductor current, which is typically
designed to be 20% to 40% of the maximum
load current.

Choose an inductor that does not saturate
under the worst-case load condition, calculated
with Equation (2):

AIL_MAX (2)

LOAD
2

lojr > 1

SAT

Where lIsat is the inductor saturation current,
and I oap is the buck converter's maximum load.

Selecting the PMID Capacitor (Cemip)

The PMID capacitor (Cpmip) decouples the
switching buck converter and absorbs the
switching ripple current. Select Cpmip based on
the demand for the PMID current ripple. The
input current ripple can be calculated with
Equation (3):

» \/VSYS x(Viy = Vsys)

LOAD
Vin

(3)

RMS_MAX —

Use low-ESR ceramic capacitors with an X7R
or X5R rating for Cpmip. This capacitor should
be placed as close to the PMID and PGND pins
as possible. The capacitor’s voltage rating must
exceed Vi, and it is recommended to consider
the plug-in overshoot voltage. A capacitor rated
for at least 25V is recommended for
applications with a 15V V. Generally, a
capacitance of 10uF is considered a sufficient
starting value. Capacitance of 10uF is generally
considered as a starting value.
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PCB Layout Guidelines

PCB layout is important to meet specified noise,
efficiency, and stability requirements. For the
best results, refer to Figure 15 and follow the
guidelines below:

1.

Place the PMID capacitor as close as
possible to the PMID and PGND pins using
a short copper plane connection. Place the
PMID capacitor on the same layer as the IC.

Minimize the high-frequency current path
loop between the PMID capacitor and the
buck converter power MOSFETs (from the
PMID pin to the capacitor to ground).

Place the inductor’s input terminal as close
as possible to the SW pin.

Minimize the copper area of the inductor’s
input terminal trace to reduce electrical and
magnetic field radiation, but ensure that the
trace is wide enough to carry the charging
current.

Minimize parasitic capacitance from the
inductor input terminal to any other trace or
plane.

6. Place decoupling capacitors (e.g. the VCC
pin capacitor) as close as possible to the IC
pins, and make the connection as short as
possible.

7. Connect the IC’'s power pin to as many
copper planes as possible to conduct heat
away from the IC.

8. Ensure that the number and physical size of
the vias are sufficient for a current path.

Figure 15 shows a high-frequency current path.
In this figure, the high-frequency path (the high-
side MOSFET, low-side MOSFET and the
PMID capacitor) must be minimized.

PMID

-
CPMlDT Q#

Figure 15: High-Frequency Current Path

SwW
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TYPICAL APPLICATION CIRCUIT

CPMID
1 e
ICIN -
Input = N PMID SW L1 System
D+ T T
- BST |—1H— Csvs
D- Cast
= SYS
= .
VCC  MP2721 |[BATT _
2kQ AN l
[ STAT/IB c
Cvee =+ 10kQ I BATT
l PG/NTC2 1
BATTSNS
VRNTC B
atter
RT1 i y
RST
NTC1 A o J’f 1
- <C — Zz 2 -
oals 0 0 J7
0n i< < o
10kQ
VpuLL_up M
10kQ £
—e NV —
10kQ
4
Host
Figure 16: Typical Application Circuit
Table 6: Key BOM of Figure 16
Qty Ref Value Description Package Manufacturer
1 CiN 1pF Ceramic capacitor, 25V, X5R or X7R 0603 Any
1 Cpmip 10pF Ceramic capacitor, 25V, X5R or X7R 0805 Any
2 Csvs 10pF x 2 | Ceramic capacitor, 16V, X5R or X7R 0805 Any
1 Ceatr 10pF Ceramic capacitor, 16V, X5R or X7R 0805 Any
1 Cvcc 4.7uF Ceramic capacitor, 10V, X5R or X7R 0603 Any
1 Cest 22nF Ceramic capacitor, 16V, X5R or X7R 0603 Any
1 L1 1uH Inductor, 1uH, low DCR SMD Any
Film resistor, 1%, same value as the
1 RT1 10kQ NTC resistance at 25°C 0603 Any
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PACKAGE INFORMATION
QFN-22 (2.5mmx3.5mm)

40 | 0.75 | . 0.85
0 0.95

- UL G0 rve.

|
PIN1ID ‘

mmm-ﬁééj

! 1

16 J Z
- ER=ET
DX AREA— | J— | [0 %:Ef%+%ff 550
| S
| 12 ) | ( 0.55
_{ BSC
1 o Thnnnng-
| 015 || | | 0.40
0.25 T m o Bse
TOP VIEW BOTTOM VIEW

0.20 REF— [T T 3 L)t

SIDE VIEW
1.20
0.20——1— ~——0.40
0.15X0.10 — H ‘ ‘ Fiﬁ
S L e
| F—r——110
[ s [ e — 1) ALL DIMENSIONS ARE IN MILLIMETERS.
e T o4 2) LEAD COPLANARITY SHALL BE 0.08
340 —[— —F — = —1—1 = MILLIMETERS MAX.
—— | = 0 3) JEDEC REFERENCE IS MO-220.
—— | 4) DRAWING IS NOT TO SCALE.
! HJ_H ! %0.55

RECOMMENDED LAND PATTERN
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CARRIER INFORMATION

o 000000 O

Pinl —»1 ° 1 ° 1 ° 1 °
Reel ABCD ABCD ABCD ABCD
Diameter

_—

Feed Direction

Package Quantity/ Quantity/ Quantity/ Reel Carrier | Carrier
Part Number Description Reel Tube Tra Diameter Tape Tape
P Y Width | Pitch
MP2721GRH- QFN-22 .
— (2.5mmx3.5mm) 5000 N/A N/A 13in 12mm 8mm
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REVISION HISTORY

Revision # | Revision Date | Description Pages Updated
1.0 11/4/2022 Initial Release -
11 1/3/2022 :(J)pgzted supply voltage to 16V; Updated charge current 6

Notice: The information in this document is subject to change without notice. Please contact MPS for current specifications.
Users should warrant and guarantee that third-party Intellectual Property rights are not infringed upon when integrating MPS
products into any application. MPS will not assume any legal responsibility for any said applications.
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