MP2651

I2C-Controlled, 1-Cell to 4-Cell Buck-Boost
Charger with Reverse Source Mode

DESCRIPTION

The MP2651 is a buck-boost charger IC
designed for battery packs with 1 cell to 4 cells
in series. The device can accept a wide 4V to
22V input voltage (Vi) range to charge the
battery. The buck-boost topology allows the
battery voltage to be above or below V.

When the input is present, the MP2651
operates in charge mode. It measures the
battery voltage and charges the battery with
four phases: constant current trickle charge,
constant current pre-charge, constant current
fast charge, and constant voltage charge. Other
features include charge termination and auto-
recharge.

The MP2651 also integrates the input current
(hn) limit and Vin limit to avoid overloading the
input power source. This is compliant with the
USB and PD specifications.

The MP2651 can also supply a wide voltage
range (4V to 21V) at the input when source
mode is enabled. The device also has an IN
output current limit in source mode (Iin_src) with
high resolution in source mode.

The [2C/SMBus interface can configure the
charge and discharge parameters, including the
In limit, Vin limit, charge current, battery-full
regulation voltage, IN output voltage in source
mode (VINstC), and |IN78RC- The MP2651 can
also use the registers to provide information on
statuses and faults.

To guarantee safe operation, the device limits
the die temperature to a configurable threshold.
Other safety features include input over-voltage
protection (OVP), battery OVP, CFLR OVP,
thermal shutdown, and a configurable timer to
prevent prolonged charging of a dead battery.

The MP2651 is available in a TQFN-30
(4mmx5mm) package.

FEATURES

e Buck-Boost Charger for 1-Cell to 4-Cell
Series Battery Packs

e 4V to 22V Operation Input Voltage (Vin)

e Upto 26V Sustainable Voltage, or 28V with
External MOSFET

e Smooth Transitions Between Buck and
Boost Modes

e Configurable Maximum Input Current (lin)
Limit and Minimum Vy Limit

e Up to 6A Configurable Charge Current

o Configurable Battery-Full Voltage Up to
4.67V/Cell with 0.5% Accuracy

e Qutput Compatible with USB PD 3.0 Source
Mode

o Configurable 4V to 21V IN Output Voltage in
Source Mode (Vin_src) with 20mV/Step

e Up to 6A Output Current with 50mA/Step

e 500kHz to 1.2MHz Configurable fsw

e [2C or SMBus Host Control Interface to
Support Flexible Parameter Setting

e Input Power Source Status Indicator

Integrated 10-Bit ADC for Monitoring in Both

Charge Mode and Source Mode

Analog Output Pin Monitors Charge Current

Input and Battery OVP

Output SCP in Source Mode

Battery Missing Detection

NTC Pin Floating Detection

Integrated N-Channel MOSFET Driver for

Input Power Pass Through or OVP

e Configurable JEITA for Battery Temperature
Protection

e Thermal Regulation and Thermal Shutdown
Available in a TQFN-30 (4mmx5mm)
Package

APPLICATIONS

Power Banks

Wireless Speakers

Drones

Mobile Printers

USB PD Multi-Cell Applications

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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MP2651 — BUCK-BOOST CHARGER FOR 1 TO 4 CELLS IN SERIES

TYPICAL APPLICATION
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mps MP2651 — BUCK-BOOST CHARGER FOR 1 TO 4 CELLS IN SERIES

ORDERING INFORMATION

Part Number* Package Top Marking MSL Rating
MP2651GVT-xxxx** See Below 1
MP2651GVT-000A*** See Below 1
MP2651GVT-010A**** TQFN-30 (4mmx5mm) See Below 1
MP2651GVT-030A***** See Below 1
MP2651GVT-040A****** See Below 1
EVKT-MP2651 Evaluation kit See Below -

* For Tape & Reel, add suffix -Z (e.g. MP2651GVT-xxxx-Z).

** “xxxx” is the register setting option. Contact an MPS FAE to obtain an “xxxx” value.
***“_000A” is the factory default for 2-cell applications. This content can be viewed in the I°C register map.
**** £.010A” is the factory default for 1-cell applications.

***xx . 030A” is the factory default for 3-cell applications.

e €.040A is the factory default for 4-cell applications.

TOP MARKING
MPSYWW
MP2651
LLLLLL

MPS: MPS prefix

Y: Year code

WW: Week code
MP2651: Part number
LLLLLL: Lot number

EVALUATION KIT EVKT-MP2651

EVKT-MP2651 kit contents (items below can be ordered separately):

# Part Number ltem Quantity

1 EV2651-VT-00A MP2651 evaluation board 1

Includes one USB to I°C communication interface, one USB
2 EVKT-USBI2C-02 bag cable, and one ribbon cable

3 Online resources Include datasheet, user guide, product brief, and GUI 1

1

Order directly from MonolithicPower.com or our distributors.

Input Power
Supply

USB Cable

—)

USB to I°C Ribbon Cable
Communication EV2651-VT-00A Battery
Interface

Figure 1: EVKT-MP2651 Evaluation Kit Set-Up

.
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mP5 MP2651 — BUCK-BOOST CHARGER FOR 1 TO 4 CELLS IN SERIES

PACKAGE REFERENCE

TOP VIEW
w
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TQFN-30 (4mmx5mm)
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MP2651 — BUCK-BOOST CHARGER FOR 1 TO 4 CELLS IN SERIES

PIN FUNCTIONS

Pin# | Name |Description
1.30 Vole VCC LDO output. Connect a 4.7uF ceramic capacitor from the VCC pin to AGND. VCC is a
’ 3.6V output power that can pull up the internal circuit and open-drain pins.
2 AGND |Analog ground. All parameter settings refer to this ground.
3 SDA I2C/SMBus data. SDA is an open-drain pin. Connect SDA to the logic rail through a 10kQ
resistor.
4 SCL I2C/SMBus clock. SCL is an open-drain pin. Connect SCL to the logic rail through a 10kQ
resistor.
5 INT Interrupt request output. INT is an open-drain pin. Connect INT to VCC through a 10kQ
resistor.
6 ADDR |Internal use. Connect a resistor less than 115kQ to the AGND pin.
Can be configured for the temperature sense (TS) or current monitor (IMON) function.
7 TS/IMON | If this pin is configured for the IMON function, it monitors the charge current in charge mode
and the discharge current in source mode.
8 VNTC Battery temperature-sense bias. The VNTC pin is the voltage bias of the NTC comparator’s
resistor divider for both the feedback NTC voltage and reference NTC voltage.
9 10 NTC Negative temperature coefficient (NTC) thermistor pin. The NTC pin is the battery
’ temperature sense’s input.
11 ACOK Input power good (PG) indication. The ACOK pin is an open-drain output that indicates
whether the adapter is present. Connect ACOK to a voltage source through a resistor.
Battery pin. BATT is the battery’s positive terminal. Connect a 22uF ceramic capacitor from
12 BATT |BATT to PGND, placed as close as possible to the IC. Connect the battery as close as
possible to this pin to reduce IR drop.
13 NC No connection. Float this pin.
14 SRN | Battery current-sense resistor negative terminal.
15,16 SRP |Battery current-sense resistor positive terminal.
17 BST2 |Bootstrap. Connect a 100nF bootstrap capacitor between the BSTx and SWx pins to form a
floating supply across the power MOSFET driver. This drives the power MOSFET’s gate
23 BST1 above the supply voltage.
18 CFLR DC/DC power stage output. Connect two 22uF ceramic filter capacitors from CFLR to
PGND, placed as close as possible to the IC.
19 SW2 | Switching node. SW2 is the middle point of the boost phase’s half-bridge.
20 PGND |Power ground.
21 SW1 | Switching node. SW1 is the middle point of the buck phase’s half-bridge.
Input. The IN pin is the IC’s power stage input. It is recommended to place four 10uF
22 IN : .
ceramic capacitors from IN to PGND.
24,25 IAN Input current-sense negative terminal.
26 IAP Input current-sense positive terminal.
Input N-channel MOSFET gate driver. The ACGATE pin drives the external pass-through
27 | ACGATE |N-channel MOSFET. Connect a 1MQ resistor between ACGATE and the N-channel
MOSFET’s source port.
Adapter voltage sense. If ADP over-voltage lockout (OVLO) is triggered, the external OVP
28 ADP | MOSFET (if used) and power stage turn off. The ADP pin also provides the IC’s internal bias
voltage.
Feedback. In source mode, FB is the IN output voltage in source mode (Vin_src) feedback
29 FB pin. If Vin_src feedback is configured via the register, this pin is not functional. Float FB or

connect it to AGND.

MP2651 Rev. 1.1
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meS

MP2651 — BUCK-BOOST CHARGER FOR 1 TO 4 CELLS IN SERIES

ABSOLUTE MAXIMUM RATINGS ®

Thermal Resistance ¥ Oua Ouc

ADP, ACGATE to PGND (DC)......-0.3V to +28V TQFN-30 (4mmx5mm) ........... 38....... 8....°C/W
IAP, IAN, IN to PGND (DC)........... -0.3V to +26V
IAP, IAN, IN to PGND (20ns)......... -0.3V to +28V :")°‘T:= e th _ . e o
IAP t0 IAN ..o -3.6V to +3.6V xceeding these ratings may damage the device.
d f f th
SW1, SW2 to PGND (DC) ............ -0.3V to +24V ¥ maximum juncion. temperature, T, (MAX). the.junetion-o.
SW1, SW2 to PGND (20ns)............. -2V to +28V tambientt the;malTh resistance, ||eJA’ bland tthe ambient
emperature, . e maximum allowable continuous power
CFLR’ BATT to PGND................. -0.3V to +24V diss‘i)pation at ;ny ambient temperature is calculated Ey Po
SRP, SRN to PGND ........ccccceeee... -0.3V to +24V (l\lflAX)bI: (T, (MAJ() - Tt.A) Y Exdceeding the mgxim:m
- allowable power dissipation can proauce an excessive die
SRPto SRN....ccvviieeeeeeeee, 3.6V to +3.6V temperaturz, g rggulator mafgo O o o
gg$; :0 gw; ------------------------------------------ 8 :0 g¥ Internal thermal shutdown circuitry protects the device from
OSW2 ., 0 td .
JAlIJIn(Z[t?;: E[)el?r?;gr:tﬁr,\e“) ____________________ -0.3V tfs*éi’g 3) EEEE%ZE%:%;EE; guaranteed to function outside of its
................................ 4) Measured on JESD51-7, 4-layer PCB.
Lead temperature .........cccoocieeeiiiiiiineenee 260°C
Continuous power dissipation (Ta = 25°C) @
................................................................. 3.29W
Storage temperature................ -65°C to +150°C
ESD Ratings
Human body model (HBM) ........ccccccceeeeenns 2kV
Charge device model (CDM) ..................... 750V
Recommended Operating Conditions ©
Supply voltage (VIN) «eeeeveeeeeriiieeeeie 4V to 22V
Input current (IIN) ..oocveeeeerieeeeeeee Up to 6A
Charge current (Icc) «oooeeveeeeeiiieeeeiieenn. Up to 6A
Battery voltage (VBATT) wevveeeeeerninnes Up to 18.68V
Operating junction temp (Ty).... -40°C to +125°C
MP2651 Rev. 1.1 MonolithicPower.com 6
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meS

MP2651 — BUCK-BOOST CHARGER FOR 1 TO 4 CELLS IN SERIES

ELECTRICAL CHARACTERISTICS

Vin = 5V, Vearr = 3.7V/cell, 2-cell setting, Ta = 25°C, unless otherwise noted.

Parameter ‘ Symbol ‘Condition ‘ Min ‘ Typ ’ Max ’ Units

Input Power Characteristics

Input voltage range ViN 4 22 \Y

ADP under-voltage ,

lockout (UVLO) threshold Vapp_uvio | Vapp falling 2.4 2.6 2.8 \

ADP UVLO hysteresis Vapp rising 1 Vv

ADP over-voltage lockout -

(OVLO) threshold Vapp_ovp | Vapp rising 23 23.9 24.7 \

ADP OVLO hysteresis Vaorp falling 500 mV

ADP over-voltage

protection (OVP) recover Vapr falling 100 ms

deglitch time

Input UVLO recovery -

degltich time tinuvio_paL | VN rising 30 ms
VN falling, REG11h, bits[9:8] = 00 2.9 3.2 3.5 \"

Input under-voltage Vin falling, REG11h, bits[9:8] = 01 6 6.4 6.8 \

) ViN_uvp - ,

protection (UVP) Vi falling, REG11h, bits[9:8] = 10 11.5 12 12.5 v
Vin falling, REG11h, bits[9:8] = 11 16.2 16.8 17.4 Vv
Vin rising, REG11h, bits[9:8] =

Input UVP threshold 010N T [5:8] 328 mv

hyst [

ysteresis Vix rising, REG11h, bits[9:8] = 00 490 mv

Input UVP recovery -

deglitch time tinuvp_paL | ViN rising 30 ms
Vin rising, REG11h, bits[7:6] = 00 6.9 7.25 7.6 Vv

Input OVP threshold y Vin rising, REG11h, bits[7:6] = 01 10.8 | 11.25 | 11.7 Vv

P N9 [\ rising, REG11h, bits[7:6] = 10 17 | 1765 | 1825 | Vv

Vin rising, REG11h, bits[7:6] = 11 22 22.45 | 23.15 \"
Vin rising, REG11h, bit[10] = 0 1 s

Input OVP deglitch time tinovp_paL N eing [10] H
VN rising, REG11h, bit[10] = 1 15 ms

Input OVP hysteresis Vin falling 320 mV

Input OVP recover .

deglitch time Vin falling 30 ms

MP2651 Rev. 1.1
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mP5 MP2651 — BUCK-BOOST CHARGER FOR 1 TO 4 CELLS IN SERIES

ELECTRICAL CHARACTERISTICS (continued)

Vin = 5V, Vearr = 3.7V/cell, 2-cell setting, Ta = 25°C, unless otherwise noted.

Parameter ‘ Symbol ‘ Condition ‘ Min ‘ Typ ‘ Max ’ Units
DC/DC Converter
Vin = 5V, buck-boost and the
Inout quiescent current | ACGATE driver are disabled 550 620 WA
putaq na Vin_uvio < Vin < ViN_ovio, buck-boost 1 19 mA
is disabled, ACGATE is enabled '
VCC low-dropout
regulator (LDO) output Vvee  |ViN=5V, lvcc = 15mA 3.6 \Y
voltage
VCC LDO current limit Ivee Vin =5V, Vvce = 3.3V 23 mA
IN to SW1 N-channel
MOSFET (Q1) on Ron_of 10 mQ
resistance
SW1 to PGND N-channel
MOSFET (Q2) on Ron @2 8 mQ
resistance
CFLR to SW2 N-channel
MOSFET (Q8) on Ron_a3 8 mQ
resistance
SW2 to PGND N-channel
MOSFET (Q4) on Ron_ a4 20 mQ
resistance
REGOEh, bits[6:4] = 000 450 500 550 kHz
REGOEh, bits[6:4] = 001 540 600 660 kHz
REGOERh, bits[6:4] = 010 630 700 770 kHz
Switching frequenc ¢ REGOEh, bits[6:4] = 100 675 750 825 kHz
g frequency " 'REGOEN, bits[6:4] = 011 720 | 800 | 880 | kHz
REGOEH, bits[6:4] = 101 810 900 990 kHz
REGOEH, bits[6:4] = 110 900 1000 1100 kHz
REGOEH, bits[6:4] = 111 1070 | 1200 1280 kHz
Battery Charger
1-cell OTP code setting 3.4 4.67 \Y,
Battery charge voltage vV 2-cell OTP code setting 6.8 9.34 Vv
regulation range BATI-REG 3 cell OTP code setting 10.2 14.01 %
4-cell OTP code setting 13.6 18.68 V
Ta = 25°C, VBaTT REG = 4.35V, o
1-cell OTP setting 05 +0.5 e
Ta =0°C to 70°C, VeatT REG = 4.35V
g - | -0.7 0.7 %
Battery charge voltage 1-cell OTP setting i
regulation accuracy Ta = 25°C, VBatT REG = 8.4V, 05 05 5y
2-cell OTP setting : . °
Ta =0°C to 70°C, VeatT REG = 8.4V, o
2-cell OTP setting 0.7 +0.7 e
MP2651 Rev. 1.1 MonolithicPower.com 8
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meS

MP2651 — BUCK-BOOST CHARGER FOR 1 TO 4 CELLS IN SERIES

ELECTRICAL CHARACTERISTICS (continued)

Vin = 5V, Vearr = 3.7V/cell, 2-cell setting, Ta = 25°C, unless otherwise noted.

charge hysteresis

Parameter Symbol |Condition Min Typ Max Units
Ta = 25°C, VeaTT REG = 12.6V, i o
3-cell OTP setting 0.5 +0.5 o
Ta = 0°C to 70°C, VBATT REG =
i - -0.7 0.7 %
Battery charge voltage 12.6V, 3-cell OTP setting +
regulation accuracy Ta = 25°C, VBatT ReG = 16.8V, 05 105 o
(continued) 4-cell OTP setting ' ' °
Ta = 0°C to 70°C,
VBaTT REG = 16.8V, -0.7 +0.7 %
4-cell OTP setting
Fast charge current range lcc RS2 = 10mQ, REG10h, bit[7] =0 0 6.35 A
lcc = 6A, REG14h, bits[13:6] =
0111 1000 5.79 6 6.2 A
lcc = 3A, REG14h, bits[13:6] =
2.84 3 3.14 A
Fast charge current e Ace 0011 1100
accuracy - lcc = 2A, REG14h, bits[13:6] =
0010 1000 1.88 2 2.13 A
lcc = 500mA, REG14h, bits[13:6]
~'0000 1010 0.4 0.5 0.6 A
Pre_charge to fast Charge VBATT pRE REGOBh, blt[1 2] =1 2.9 3 3.1 V/cell
threshold - REGOBHh, bit[12] = 0 2.45 2.55 2.6 V/cell
Pre-charge to fast charge 30 ms
deglitch time
1 cell 85 mV
Pre-charge to fast charge 2 cells 160 mV
hysteresis 3 cells 240 mV
4 cells 315 mV
Pre-charge current range IPRE RS2 = 10mQ, REG10h, bit[7]=0 0 1.5 A
VeatT = 5V, lpre = 300mMA, i o
Pre-charge current REGOFh, bits[7:4] = 0011 20 +20 e
accuracy VeatT = 5V, lpre = 500mA, i
REGOFh, bits[7:4] = 0101 15 5| %
Trickle charge to pre- -
charge threshold Vearr rising 2 V/cell
Trickle charge to pre- Veatr_to
getop Vearr falling 200 mV/cell

MP2651 Rev. 1.1
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meS

MP2651 — BUCK-BOOST CHARGER FOR 1 TO 4 CELLS IN SERIES

ELECTRICAL CHARACTERISTICS (continued)

Vin = 5V, Vearr = 3.7V/cell, 2-cell setting, Ta = 25°C, unless otherwise noted.

Parameter Symbol |Condition Min Typ Max Units
Trickle charge current RS2 = 10mQ,
range e |REG10h, bit[7] = 0 0 750 mA
Trickle charge current 2 cells, Varr = 5V,
acourac REGOFh, bits[11:8] = 0010, 50 100 160 mA
y Irc = 100mA
Auto-recharge battery Below battery charge voltage, i
voltage threshold REG10h, bit[11] = 0 120 mV/cell
Battery OVP threshold VeatT ovp | VeaTT rising 170 230 285 mV/cell
Battery OVP hysteresis VearT falling 113 mV/cell
Battery OVP deglitch time 30 ms
TC and pre-charge timer 1.8 2 2.2 hours
Constant current (CC) and
constant voltage (CV) REG12h, bits[12:11] = 11 18 20 22 hours
charge timer
Iterm = 100mA, REGOFh,
bits[3:0] = 0010 60 120 | 180 mA
Termination current Iterm = 200mA, REGOFh,
accuracy Ireru bits[3:0] = 0100 160 220 290 mA
Iterm = 400mA, REGOFh,
bits[3:0] = 1000 360 | 420 | 490 mA
Charge termination
deglitch time tTERM_DGL 1 s
Pin Leakage Current
SRP, SRN leakage current |lika srp_srn -0.5 +0.5 HA
IAP, IAN leakage current lLka_1AP_IAN -0.5 +0.5 HA
Input Current (Iin) Limit and Input Voltage (Vin) Limit
Iin limit range IIN_Lim 881 = 10ma, REG10, bit[8] = 0 5.8 A
REGO08h, bits[6:0] = 000 1010, 0.368 0.43 05 A
IIn_.um = 0.5A
REGO8h, bits[6:0] = 001 0010, 0.768 0.82 0.9 A
In_um = 0.9A
I limit accuracy Inum_ace | (ECG08N, bits[6:0] = 001 1110, |y 35 | 4 44 15 A
IIn_um = 1.5A
REGO8h, bits[6:0] = 011 1100, 576 87 598 A
In_m = 3A
REGO8h, bits[6:0] = 110 0100, 4688 | 4836 4.98 A
IIn_Lm = 5A
MP2651 Rev. 1.1 MonolithicPower.com 10
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mP5 MP2651 — BUCK-BOOST CHARGER FOR 1 TO 4 CELLS IN SERIES

ELECTRICAL CHARACTERISTICS (continued)

Vin = 5V, Vearr = 3.7V/cell, 2-cell setting, Ta = 25°C, unless otherwise noted.

Parameter Symbol |Condition Min Typ Max Units

REGO06h, bits[7:0] = 0011 1001, 4.44 4 4.72

Vin MmN = 4.56V | 58 ) v

REGO06h, bits[7:0] = 1000 0010, 10.19 10.4 10.61 vV

- . Vinomin = 10.4V ' ’ |
Minimum Vin regulation VIN_MIN REGO6N, bits[7:0] = 1010 1010
its[7:0] =
’ g 13.33 13.6 13.87

Vin MmN = 13.6V v

REGO06h, bits[7:0] = 1110 0111, 18.11 18.48 18.85

Vin MmN = 18.48V ' ' ' v
Thermal Regulation and Protection
Thermal shutdown - .
rising threshold © To_sHon | Ty rising 150 C
Thermal shutdown 20 °C
hysteresis ©®
Thermal regulation , qo1 o
threshold Tyorec | REGOFh, bits[14:12] = 111 120 C
Battery Temperature Monitoring
NTC floating threshold VNTG_FLT xcsicnsmg as a percentage of 95 %
NTC floating threshold Vnrc falling as a percentage of 3 Y
hysteresis VunTC °

NTC cold temp vV Vnrce rising as a percentage of
threshold COLD | \/ynte, REGODN, bits[1:0] = 01

NTC cold temp

73.5 74.5 75.5 Y%

threshold hysteresis Vnrc falling as percentage of Vuntc 1.2 Yo
NTC cool temp Vnrc rising as a percentage of o

threshold VeooL |y xre, REGOD, bits[3:2] = 10 642 | 652 | 66.2 %
NTC cool temp Vnrc falling as a percentage of 192 Y
threshold hysteresis VnTC ' °
NTC warm temp Vnrc falling as a percentage of o

threshold VwaRM | \/ vre. REGODN, bits[5:4] = 01 322 | 332 | 342 %
NTC warm temp Vnrc rising as a percentage of 192 Y
threshold hysteresis VnTC ' °

Vnrc falling as a percentage of

NTC hot temp threshold Vot Vi, REGODH, bits[7:6] = 10

22.6 23.6 24.6 Y%

NTC hot temp threshold Vnrc rising as a percentage of 192 Y
hysteresis Vnte ' °
TS hot threshold vrs | REGODh, bits[12:10] = 011, 125 | 135 | 145 | %
Ta=100°C
VNTC voltage VunTC 1.26 1.28 1.30 \Y
MP2651 Rev. 1.1 MonolithicPower.com 11
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MP2651 — BUCK-BOOST CHARGER FOR 1 TO 4 CELLS IN SERIES

ELECTRICAL CHARACTERISTICS (continued)

Vin = 5V, Vearr = 3.7V/cell, 2-cell setting, Ta = 25°C, unless otherwise noted.

Parameter ] Symbol ‘Condition ‘ Min ‘ Typ ‘ Max ‘ Units
Source Mode
IIn_src = OA, Vearr = 7.6V, REGO9h,
bits[9:0] = 00 1111 1010 4.85 5 | 515V
IpscHa = OA, VeatT = 7.6V, REGO09h,
bits[9:0] = 01 1100 0010 882 | 9 |98V
IN output voltage in Ioscra = 0A, Veart = 7.6V, REGO09h,
source mode VINSRC | it619:0] = 10 0101 1000 .76 1 12 112241V
IpscHa = OA, VeatT = 7.6V, REGO09h,
bits[9:0] = 10 1110 1110 147 1 15 1153 1V
IpscHa = OA, VeatT = 7.6V, REGO09h,
bits[9:0] = 11 1110 1000 19.7 | 20 | 20.3
FB reference voltage for Ve REGO09h, bits[9:0] = 11 1110 1000 1.194 1.206 | 1.218 \%
external setting REGO9h, bits[9:0] = 00 1111 1010 0.306 | 0.313 | 0.32 \Y
Vearr = 7.4V, Vinsrc rising,
Output OVP in source percentage of discharge voltage o
mode VIN_Src_ov setting, 110 Yo
REG11h, bits[14:13] = 11
Output OVP hysteresis in Vv tallin 5 o
source mode IN_SRG 9 °
Output UVPin source | v\ oo ov |REG11h, bits[12:11] = 00 75 %
mode
Output UVP hysteresis in 5 o
source mode °
Discharge output under- .
voltage (UV) deglitch time Vin_sre falling 10 ms
Discharge output UV L
recovery deglitch time Vin_sre rising 30 ms
REGOAh, bits[6:0] = 001 1110, 0.9 A
N Veartr = 7.4V )
output current ]
regulation in discharge IIN_src \Ij;iof‘g’ R}S[B'O] = 0101100, 1.5 A
mode —
REGOAN, bits[6:0] = 100 1100, 3 A
Veartr = 7.4V
Battery UVLO threshold VeatT_uvio | Veatr falling 2.5 2.6 2.7 | V/cell
Battery UVLO hysteresis VeartT rising 280 mV
MP2651 Rev. 1.1 MonolithicPower.com 12
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MP2651 — BUCK-BOOST CHARGER FOR 1 TO 4 CELLS IN SERIES

ELECTRICAL CHARACTERISTICS (continued)

Vin = 5V, Vearr = 3.7V/cell, 2-cell setting, Ta = 25°C, unless otherwise noted.

Parameter Symbol |Condition Min Typ Max Units
ﬁ"’r‘gg%l'gw voltage VeaTT Low E)’ﬁ’gﬁéfg']”‘:gagEGOBh’ 3.1 3.2 33 | Vicell
E;‘;‘Z%S'?SW voliage Vearr rising 200 mV/cell
53;3‘?12%'?#!"'“96 Vearr falling 30 ms
Vin = 0V, Vearr = 8.4V, source
watohdog fmer and ACGATE 33| 395 | pA
driver are disabled
Vin = OV, VearT = 8.4V, source
Battery quiescent current lsatT_Q ggg%?Ed Ijre:\? (Iji’régg aabr}gd, 0.655 mA
Watchdog timer is enabled
Vin= 0V, Veart = 8.4V, source
mode is dis.abled, ADC and 30 mA
watchdog timer are enabled,
ACGATE driver is disabled
ACGATE Driver
Above Vapp when enabled 6 \
ACGATE VACGATE | bove Vaoe when disabled 0 v
Open-Drain Pin Characteristics (INT, ACOK)
Logic-low voltage threshold ‘ Vi ‘ 10mA sink current 0.4 \
Analog-to-Digital Converter (ADC)
Sample rate 50 kHz
ADC reference 1.28 \Y
ADC resolution 10 Bits
SMBus Interface ©
Input high threshold level ViH VpeuLLup = 1.8V, SDA and SCL 1.3 \Y
Input low threshold level Vi VpuLL up = 1.8V, SDA and SCL 0.4 \
Output low threshold level VoL Isink = TMA 0.4 \
Input leakage current ILeak -0.2 +0.2 A
SMBus Timing Characteristics ®
SMBus clock frequency fscL 10 400 kHz
Bus free time Eg;gﬁii?] a stop and start 4.7 Us
Start condition hold time,
after which the first clock 4 VE
pulse is generated
MP2651 Rev. 1.1 MonolithicPower.com 13
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MP2651 — BUCK-BOOST CHARGER FOR 1 TO 4 CELLS IN SERIES

ELECTRICAL CHARACTERISTICS (continued)

Vin = 5V, Vearr = 3.7V/cell, 2-cell setting, Ta = 25°C, unless otherwise noted.

Parameter Symbol | Condition Min Typ Max Units
Start condition set-up time 4.7 Hs
Stop condition set-up time 4 us
Data hold time 300 ns
Data set-up time 250 ns
Clock low timeout 25 35 ms
Clock low period 4.7 us
Clock high period 4 50 [VES
Clock/data falling time 300 ns
Clock/data rising time 1000 ns

Notes:

5) Guaranteed by design.

6) The SMBus should cover the I2C specifications; the 12C/SMBus lines are compatible with 1.8V/3.3V/5V logic.

MP2651 Rev. 1.1 MonolithicPower.com 14
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MP2651 — BUCK-BOOST CHARGER FOR 1 TO 4 CELLS IN SERIES

TYPICAL CHARACTERISTICS

Inductor DCR = 10mQ, unless otherwise noted.
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85%
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100%

95%

90%

EFFICIENCY

85%

80%

Efficiency vs. Charge Current
Charge mode with 1-cell battery,

Vearr= 4V, Viy=5V, 9V, 12V, 15V, or 20V,
fSW = 600kHZ

/ —
[ | : —|
| :
yVe% ——VIN=5V
VIN=9V
/ VIN=12V ]
e VIN=15V
——VIN=20V
0 1 2 3 4 5
CURRENT (A)

Efficiency vs. Charge Current
Charge mode with 3-cell battery,
Vgarr= 12V, V=5V, 9V, 12V, 15V, or
20V, fSW = 600kHZ

T T ]
i ] ‘ |
— |
— |
= V\/IN=5V
VIN=9V |
VIN=12V
VIN=15V |
——VIN=20V
0 1 2 3 4 5
CURRENT (A)

Efficiency vs. Source Current
Source mode with 1-cell battery,

VearT = 4.2V, fgyy = 600kHz, Vg = 5V, 9V,
12V, 15V, or 20V

~— ]

——VSRC=5V
VSRC=9V
VSRC=12V |
VSRC=15V

— VSRC=20V

15 2
CURRENT (A)

25 3
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Efficiency vs. Charge Current
Charge mode with 2-cell battery,
Vegarr= 8V, Viy=5V, 9V, 12V, 15V, or 20V,

fow = 600kHz
| J—‘ \ !
=
~ ——VIN=5V |
VIN=9V
VIN=12V |
VIN=15V
——VIN=20V
0 1 2 3 4 5
CURRENT (A)
Efficiency vs. Charge Current
Charge mode with 4-cell battery,
Vearr= 16V, Viy= 5V, 9V, 12V, or 20V,
fow = 600kHz
™ ——VIN=5V |
/ VIN=9V
VIN=12V
VIN=15V |
—— VIN=20V
0 1 2 3 4 5
CURRENT (A)
Efficiency vs. Source Current
Source mode with 2-cell battery,
Vigarr = 8.4V, gy = 600kHz,
Vgre = 5V, 9V, 12V, 15V, or 20V
AR
" T
a2 ——VSRC=5V
VSRC=9V
VSRC=12V
VSRC=15V
——VSRC=20V
0.5 1 1.5 2 2.5 3
CURRENT (A)
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mP5 MP2651 — BUCK-BOOST CHARGER FOR 1 TO 4 CELLS IN SERIES

TYPICAL CHARACTERISTICS (continued)

Inductor DCR = 10mQ, unless otherwise noted.

Efficiency vs. Source Current Efficiency vs. Source Current
Source mode with 3-cell battery, Source mode with 4-cell battery,
VBATT = 126V, fSW = 600kHZ, VBATT = 168V, fSW = 600kHZ,
Vgre = 5V, 9V, 12V, 15V, or 20V Vgre =5V, 9V, 12V, 15V, or 20V
100% ‘ ‘ ‘ 100% ‘ ‘
‘ ' [ — : [
s 95% | i > 95%
O |ttt O
% 90 ——VSRC=5V & 90
g VSRC=9V 2" T VSRe=sV
y = - VSRC=9V
w 85% VSRC=12V | w 85% VSRC=12V
VSRC=15V VSRC=15V
- VSRC=20V —_— _
80% ‘ ‘ 80% VSRC=20V
0.5 1 1.5 2 2.5 3 0.5 1 1.5 2 2.5 3
CURRENT (A) CURRENT (A)
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MP2651 — BUCK-BOOST CHARGER FOR 1 TO 4 CELLS IN SERIES

TYPICAL PERFORMANCE CHARACTERISTICS

The performance waveforms are tested on the evaluation board (see the Design Example
section on page 57). Cin = 5 X 10uF + 1uF, Ccrir = 2 X 22uF + 1pF, Cgarr = 2 X 22uF, L1 = 1.5pH,
fsw = 600kHz, Iin_Lim = 3000mA, Icc = 3000mA, 2-cell application, Vearr rec = 8.4V, unless otherwise

noted.
Charge Profile Charge Profile
ViN_app = 5V, IIn_Lim = 3A, Icc = 3A, Vin_app = 9V, IIn Lim = 3A, Icc = 3A,
VeaTT_REG = 8.4V, battery simulator: 10mV/step VeatT_REG = 8.4V, battery simulator: 10mV/step
CH1: Vin_app ' I
s CH1: Vin_aop
CH2: Veatt B’r CH2: Vearr EM :
CH4: lpatr  |ppes——iimmammes . CHA:lgatr o
|0 20V & ]|4.EIC-: 250k5/5 \ ‘f BE 00 5 . . ]|:.uts ZSJkE,’s. [T [ SIE
| & i & 10M points 192¥ | 11:48:29 9 1.004 § 10M points 19y ‘ 115334
Charge Profile Auto-Recharge Profile
ViN_app = 20V, IIn_uim = 3A, lcc = 3A, ViN_abp = 5V, Iin_uim = 3A, VearT_reg = 8.4V (2
VBatT_ReG = 8.4V, battery simulator: 10mV/step cells), lcc = 3A, battery simulator: 5mV/step
A
CH1:Vinaor ot
CH1: Vin_app t
CH2: Veatr o CH2: Vgatr  [Bf
CHA4: lgatr o CH4: lgatr B
.00V ][400; 250kS/s K BE o 0 5 . . ]|:.uts ZSJkE,‘s. [ ‘[ 6Iul 2
c_] 10M points 1any 11:58:08 (_) 1004 & 10M points 192V 04:12:07
Auto-Recharge Profile Auto-Recharge Profile
Vin_app = 9V, IIn_Lim = 3A, VBaTT ReG = 8.4V (2 Vin_app = 20V, Iin_uim = 3A, VeatT RreG = 8.4V (2
cells), lcc = 3A, battery simulator: 10mV/step cells), lcc = 3A, battery simulator: 10mV/step
M—_—MI . - Jl
- [ : : ] : :
CH1: Vin_app CH1: Vin_app
CH2: Veatr A CH2: Vearr B
CH4: lgatr  Jof CHa4: Igatr n.—
2.00Y 1 ) - 4005 ) 250k5/5 ) hY B Jul 2 5.00 L 4.005 250kS /s [1% 6 Tul X
r o - " WMpoints 182 04:08:08 @ Lo - ]| WMpants 190V ‘[ 04:10:33
MP2651 Rev. 1.1 MonolithicPower.com 17
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MP2651 — BUCK-BOOST CHARGER FOR 1 TO 4 CELLS IN SERIES

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

The performance waveforms are tested on the evaluation board (see the Design Example
section on page 57). Cin = 5 X 10uF + 1uF, Ccrir = 2 X 22uF + 1dF, Cgarr = 2 X 22pF, L1 = 1.5uH,
fsw = 600kHz, Iin uim = 3000mA, Icc = 3000mA, 2-cell applications, Vearr rec = 8.4V, unless
otherwise noted.

Vin_aop Steps from 5V to 20V
VearT = 7.4V (2 cells), lcc = 3A, charge enabled

.

Vin_aop Steps from 20V to 5V
Veatt = 7.4V (2 cells), lcc = 3A, charge enabled

CHA4: Igatr CH4: Igatr |B
CH1: Vin_app t CH1: Vinaor  |o-
CH3: Vsw2 20 CH3: Vsw2 3 o -
CH2: Vsw1 { _ . . : - CH2: Vswi  [RE22 : : _
I = % o R S
Charge Enabled Charge Disabled
Vin_app = 20V, VeatT = 7.4V (2 cells), lcc = 3A VIN_app = 20V, VeatT = 7.4V (2 cells), lcc = 3A
'j
-l
y 4
}‘ +
CH4:lgar o - g . CH4:lgatr |
CHI:Viar W o | CH1:Vinaoe | I —— |
CH3: Vsw2 o CH3: Vsw2 |® —
CH2: Vsw1 B : : : CH2: Vsw1 : ; :
( S.00V & ms 10.0M5/5 i I ul 2 S.00Y & J0ms LOMS/5 K Tu
Il*g Zav ; ]| 5 e ‘1’35.1 |[ . ol . [+ BT e tgri';(‘n Es,\]mA ‘[ i
Input Start-Up Input Shutdown
Vin_app = 20V, Veatr = 7.4V (2 cells), lcc = 3A Vin_app = 20V, VeatT = 7.4V (2 cells), lcc = 3A
CHA4: Igatr t -~ : CH4: Igatr & |
CH1: Vin_app é CH1: ViN_app
}
CH3:Vsw: [p 3 CH3: Vsw2
CH2: Vsw1 b i : : s : CH2: Vsw1 : '
‘o 5004 v [ 2] & IFO Oms 50.0M3/5 " X [ 6 Jul E 20.0ms 50.0M3/5 [1 4 [ 6Jul 2
@ 5.0V 5 2 10 § 1M points 590 | 07:30:12 10M points 590V ‘ 07:30:25
MP2651 Rev. 1.1 MonolithicPower.com 18

6/15/2023

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



mps MP2651 — BUCK-BOOST CHARGER FOR 1 TO 4 CELLS IN SERIES

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

The performance waveforms are tested on the evaluation board (see the Design Example
section on page 57). Cin = 5 X 10uF + 1uF, Ccrir = 2 X 22uF + 1dF, Cgarr = 2 X 22pF, L1 = 1.5uH,
fsw = 600kHz, in_Lim = 3000mA, Icc = 3000mA, 2-cell application, Vearr rec = 8.4V, unless otherwise
noted.

JEITA-Compatible NTC Protection ADP and IN OVP
Vin_app = 12V, Vearr = 8V, VearT_Rec falls VeatT = 8V, enable ACGATE driver with
400mV in warm window, lcc drops by 50% in external N-channel pass through MOSFET,
cool window ramp Vapp up and down
: : I —
CH1: Vuntc e : 1 : = ] CH1: Vapp anaaaaE 1 . B
..... [ S
CH2: Vnre |
CH2: Vin
() [ ]
CH3: Vearr I: - T - CHa4: Isatr
CHA4: lgatT e
. : CH3: Vsw1
E’ Somy % @) ]| 1003 00kS/ [0 |[ B 100k5/5 [ N 5l 2
[ 1004 & WMpoints 398V 10125 10Mpeints 620V 10:41:24
Source Mode Enabled Shutdown through VIN
VearT = 7.4V (2 cells), Vin-src = 5V, VeatT = 7.4V (2 cells), Vin-src = 5V,
IIn_src = 2A (CC load) IIn_src = 2A (CC load)
/ 1 ,
/ 3 4 4
CH1:Vinsrc [P ; CH1: Vin_sre
; ‘
CH: lows |8 174 ] cHatiom f NI
CH2: Vw1 P : : — CH2: Vswi |
CH3: Vsw2 |o! - ; CH3: Vsw2 g
g il :_; 1004 & Hq'm'mS 3 v 'z'“ZXV iy w [ I }FUM iC)Vll]Bpofnsl 'z’sﬂ)ft [ i
Vin_src Steps from 5V to 20V Vin_src Steps from 20V to 5V
VeatT = 7.4V (2 cells), Vin-src = 5V to 20V, Veatt = 7.4V (2 cells), Vin-src = 20V to 5V,
Iin_src = 1A (CC load) Iin_src = 1A (CC load)
CH4: lioap 2 / CH4: lLoap
CH1:Vinsre g , CH1: Vin_sre
CH2: Vsw1 - - T CH2: Vw1
CH3: Vswe _ . CH3:Vswz | . .
4.00ms 250MS/s [ §3 6l 2 5.00¥ a 250MS/s [1}3
T aid 10M paints 330¥ |[ 08:48:50 ) saoov 1.00 & & g 10M points 930
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6/15/2023 MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.

© 2023 MPS. All Rights Reserved.



mps MP2651 — BUCK-BOOST CHARGER FOR 1 TO 4 CELLS IN SERIES

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

The performance waveforms are tested on the evaluation board (see the Design Example
section on page 57). Cin = 5 X 10uF + 1uF, Ccrir = 2 X 22uF + 1pF, Cgarr = 2 X 22pF, L1 = 1.5uH,
fsw = 600kHz, in_Lim = 3000mA, Icc = 3000mA, 2-cell application, Vearr rec = 8.4V, unless otherwise
noted.

Vin_src Short Protection Vin_src Short Recovery
VearT = 7.4V (2 cells), Vin-src = 5V, Veart = 7.4V (2 cells), Vin-src = 5V,
In_src = 1A (CC load) Iin_src = 1A (CC load)
' o ‘ o . m oW
CH1:Vinspe Bt - """"" g} CH1:Vinsrc [Py = S ‘-‘ : -
CH4: 1. m i cHa:l. o : . L — I
CH2: Vsw1 l : I l CH2: Vsw1 [ I l -
CH3: Vsw2 z s CH3: Vsw2 ) . . ;
' o= el I = R T
MP2651 Rev. 1.1 MonolithicPower.com 20
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FUNCTIONAL BLOCK DIAGRAM

MP2651 — BUCK-BOOST CHARGER FOR 1 TO 4 CELLS IN SERIES

r 1 |_
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Buck Phase _| = — I_ Boost Phase
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PWM2 urrent:
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Figure 2: Functional Block Diagram
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MP2651 — BUCK-BOOST CHARGER FOR 1 TO 4 CELLS IN SERIES

OPERATION

Introduction

The MP2651 is a highly integrated buck-boost
charger IC with four switching FETs (Q1, Q2,
Q8, and Q4) for battery packs with 1 to 4 cells
in series. It also integrates one N-channel
MOSFET driver for higher input over-voltage
protection (VAP OVP).

The MP2651 also can operate in the reverse
direction to power the input from the battery
which is compliant to the USB PD source mode.

When input power is present, the MP2651
operates in charge mode. The buck-boost
converter has three operating modes: boost
mode when the input voltage (Vi) is below the
battery voltage (Vearr), buck mode when Vi
exceeds the battery voltage, and buck-boost
mode when V\y is almost equal to the battery
voltage. Figure 3 shows the power structure.

Qi Q3
SWi1 Sw2 CFLR

1yl
-
_| -

Q2 Q4

Figure 3: The MP2651 Power Structure

Table 1 shows the MOSFETS’ operation modes
while the device works in charge mode.

Table 1: MOSFET Operation in Charge Mode

MOSFET Boost Buck-Boost Buck
Q1 On Switching Switching
Q2 Off Switching Switching
Q3 Switching Switching On
Q4 Switching Switching Off

Table 2 shows the MOSFETS’ operation modes
while the device works in source mode.

Table 2: MOSFET Operation in Source Mode

When the input is absent, the device operates
in reverse to power the input from the battery
via [2C/SMBus control. The MP2651 can
provide a 3V to 21V IN output voltage (Vin_src),
with 20mV/step at the input. The device also
has an IN output current (In_src) limit with
50mA/step in this mode. This mode is called
source mode in USB PD applications.

VCC LDO Output

The MP2651 integrates a low-dropout regulator
(LDO) to power internal circuitry including the
I2C block, FET driver, and bias current.

VCC is powered by Vapp or Vearr. When the
ADP pin’s voltage (Vapp) exceeds Vapp uvio,
VCC is powered by Vapp, regardless of whether
the MP2651 is in charge mode or source mode.
When the input is absent or Vapp is below
Vabp_uvLo, VCC is powered by Vearr while
VBATT > VBATLUVLO-

The VCC can provide a 3.6V output to supply
power to the internal circuit and open-drain
pin’s pull-up voltage. It is not recommended to
power other circuits.

Input Power Status Indication

The MP2651 has both an ACOK pin and a
register to indicate when the input power supply

is in charge mode. The ACOK pin is an open-
drain structure that is pulled to AGND when
VINfUVP <Vin< VINfOVP-

The PG_STAT register indicates when the
power is good.
Input Over-Voltage Protection (OVP)

The MP2651 provides two input over-voltage
protection (OVP) thresholds: Vapr ove and
ViN_ovp.

The ADP pin senses the input voltage. If Vapp >
Vaop ove, the ACGATE pin pulls low to turn off

MOSFET | Boost | Buck-Boost | Buck M1 immediately; at the same time, buck-boost
Qt Switching | Switching On mode turns off (see Figure 4 on page 23). The
Q2 Switching | Switching Off. MP2651 reports the ADP OVP fault in the fault
Q3 On Switching | Switching register. There is a 100ms deglitch time to

Q4 Off Switching Switching recover from ADP OVP.
MP2651 Rev. 1.1 MonolithicPower.com 22
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MP2651 — BUCK-BOOST CHARGER FOR 1 TO 4 CELLS IN SERIES

MBS
T

Figure 4: ACGATE Driver

When V|N_ovp < Vi< VADP_OVP, M1 still turns on,
and the MP2651’s switcher is disabled. Then a
fault is reported in REG17h, bit[13].

Input Current Limit and Input Voltage Limit
Regulation

To meet the maximum current limit in the USB
specification and avoid overloading the adapter,

IN

ACGATE
ADP

MP2651

the MP2651 has both input current (Iin) limit and
Vin limit regulation. If either the I limit or Vin
limit is reached, the MP2651 regulates the duty
cycles of Q1 and Q4 to limit the input power
according to the setting.

Battery Charge Profile

In charge mode, the MP2651 regulates five
control loops: Vi, Iin, charge current, battery-full
regulation voltage, and device junction
temperature.

The device provides four main charging phases:
constant current trickle charge, constant pre-
charge, constant current (CC) fast charge, and
constant voltage (CV) charge (see Figure 5).

VBATTfREG ————————————————————————————— mecccccccccccccan
" pecccccad
'l |
N b - lcc
| |
! |
Battery i '\ Charge Current !
|
Voltage . ! / !
VBarT PRE | -—— o2 E— | |
- .“ ! |
et | :
Vearr 1c =7 ! | !
B I I IpRE
| |
[ | T IteRM
_________ Ny A R
| [ i lrc
o o
: > : '
Trickle ! Pre- I 1 Constant Voltage ' Charge
Charge Charge CC Charge Charge Termination

Figure 5: Charge Profile

Constant Current Trickle Charge (Phase 1)

When the input power qualifies as a good
power supply, the IC checks the battery voltage
to determine whether trickle charging is
required. If the battery voltage is below VgarT ¢,
a configurable trickle-charge current is applied
to the battery.

Constant Current Pre-Charge (Phase 2)

When Vearr exceeds Vearr 7c, the IC starts to
safely pre-charge the deeply depleted battery
until Vearr reaches the pre-charge to fast
charge threshold (VeatT PrE). If VeatT PRE IS NOt
reached before the pre-charge timer (about 2
hours) expires, the charge cycle stops, and a
corresponding timeout fault signal is asserted.

The pre-charge current can be configured via
the 12C register REGOFh, bits[7:4], while
VeatT PR Can be configured by REGOBh, bit[12].
There are two options for this threshold:
2.5V/cell for LiFePO4 batteries, and 3V/cell for
Li-ion batteries with other chemistries.

Constant Current Fast Charge (Phase 3)

When Veatt exceeds Vearr pre (set via REGOBh,
bit[12]), the IC enters the constant current
charge (fast charge) phase.

The fast charge current can be configured via
REG14h, bits[13:6].

MP2651 Rev. 1.1
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MP2651 — BUCK-BOOST CHARGER FOR 1 TO 4 CELLS IN SERIES

Constant Voltage Charge (Phase 4)

When Vearr reaches the level of the
configurable battery-full voltage (Vearr reg, set
via REG15h, bits[14:4]), the charge current
begins to taper off.

The charge cycle is considered complete when
the charge current reaches the termination
threshold (lrerv) set via REGOFh, bits[3:0],
assuming that the termination function is
enabled. If lterw is not reached before the
safety charge timer expires, then the charge
cycle stops and a corresponding timeout fault
signal is asserted (see the Safety Timer section
on page 25 for more details).

Automatic Recharge

When the battery is fully charged, charging is
terminated and the battery may be discharged
because of the system consumption or self-
discharge. When Vearr falls below the
configurable recharge threshold, the IC
automatically starts a new charging cycle,
which means there is no manual requirement to
restart a charging cycle if the input power is
valid. The timer resets when the automatic
recharge cycle begins.

A new charge cycle starts once all of the
following conditions are valid:

o The input power is plugged back in

e Battery charging is enabled by the
[2C/SMBus

e There is no thermistor fault
There is no safety timer fault

e There is no battery over-voltage (OV) fault

This means that re-plugging the input power or
toggling the battery charging control bit
(REG12h, bit[0]) can restart a charge cycle
without any fault occurring. The new charge
cycle can start with any phase, since the phase
depends on VgatT.

Battery Over-Voltage Protection (OVP)

The IC has battery OVP. If Vearr exceeds the
battery OV threshold (about 230mV above the
battery regulation voltage per cell), charging is

disabled. Battery OVP has a 30ms deglitch time.

The switcher is turned off during battery OVP.

Junction Thermal Regulation

The thermal regulation loop always monitors
the IC’s internal junction temperature. If the

junction temperature exceeds the temperature
limit, the charge current drops to regulate the
junction temperature. There are multiple
thermal regulation thresholds ranging between
80°C and 120°C, so that the system design can
meet the thermal requirements of different
applications. The junction temperature’s
regulation threshold can be set via REGOFh,
bits[14:12].

Transitions Between Buck, Boost, and
Buck-Boost Mode

The MP2651 always monitors Vix and the CFLR
voltage to automatically switch between
different modes (see Figure 6).

When Vin exceeds 90% of Vearr, the MP2651
transitions from boost mode to buck-boost
mode.

When Vi drops below 75% of Vgarr, the
MP2651 transitions from buck-boost mode to
boost mode.

When Vi drops below 120% of Vearr, the
MP2651 transitions from buck mode to buck-
boost mode.

When V\n exceeds 135% of Vgatr, the MP2651
transitions from buck-boost mode to buck mode.

A
Buck Vin RISIHg Buck
A
VBATT x 1.35
Vearrx 1.2 | B0k -Boost Buck-Boost
Veatr
VBATT x 0.9
VBATT x 0.75
Boost v Boost
Vin Falllng

Figure 6: Mode Transition Threshold

Pulse-Skip Mode (PSM) Operation

The MP2651 utilizes pulse-skip mode (PSM)
control to improve efficiency under light loads.
In PSM, lighter loads mean the device skips
more pulse width.
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Cycle-by-Cycle MOSFET Current Limit

The MP2651 senses both the high-side and
low-side MOSFET (HS-FET and LS-FET,
respectively). During loop control, the device
provides a valley current limit in buck mode and
a peak current limit in boost mode for each
cycle-by-cycle switching period. In buck mode,
the next period does not start until the inductor
current (I) drops to the valley current limit.
Then I, rises during the minimum on time to fold
back the frequency after triggering the valley
current limit.

ADC Conversion and Multiplexer

The MP2651 has a built-in, 10-bit SAR analog-
to-digital converter (ADC) with 50kSPS. A 10-
channel multiplexer measures the device’s
parameters (see Table 3).

Table 3: ADC Channels

Sink Mode Source Mode

e Vi e  Source voltage at
e In the input

o VearT e  Source current at
e  Charge current the input

e Battery o Vgarr

temperature (NTC | e  Battery

pin voltage ratio) temperature
e TS pin voltage e TS pin voltage
ratio ratio
e  Chip junction e  Chip junction
temperature temperature
Safety Timer

The IC provides both the pre-charge and
CC/CV charge safety timer to prevent extended
charging cycle due to abnormal battery
conditions. The total safety timer for both trickle
charge and pre-charge is about 2 hours when
Veart is below VeatT pRE.

The CC/CV charge safety timer starts when the
battery enters the fast charge phase. The user
can configure this time via REG12h, bits[12:11].
Above two safety timers can be disabled via
REG12h, bit[13]. The safety timer does not
operate in discharge mode.

The safety timer is reset at the beginning of a
new charging cycle. The following actions
restart the safety timer:

e Auto-recharge
e Charge enabled toggling
e Input power toggling

e Safety timer enable toggling
e Thermal shutdown recovery

The IC automatically suspends the timer if an
NTC hot or cold fault occurs.

The IC automatically doubles the remaining
time if any of the below conditions are met:

e |in limit loop kicks in
e Vi limit loop kicks in
e Thermal regulation loop kicks in

Once the MP2651 no longer meets the
conditions above, the timer returns to its
standard remaining time. This function can be
disabled via REG12h, bit[10].

Watchdog Timer

The MP2651 has a watchdog timer to monitor
the I2C interface. If the watchdog timer is
enabled, the host must periodically reset the
watchdog timer reset bit before the watchdog
timer expires. If the watchdog timer expires,
some of the registers are reset to their default
values. See the Register Map on page 31 for
more details.

The following actions reset the watchdog timer
and force the device to recover from a
watchdog timer fault:

e Write to watchdog timer reset bit

e Write to the charge -current register
(REG14h)

e Write to the battery regulation voltage
register (REG15h)

The watchdog timer can be disabled via
REG12h, bits[8:7].

Battery Temperature Monitoring via the
Negative Temperature Coefficient (NTC)
Thermistor

Thermistor is the generic name given to
thermally sensitive resistors. A negative
temperature coefficient (NTC) thermistor is
generally called a thermistor. Depending on the
manufacturing method and the structure, there
are many shapes and characteristic for
thermistors.  Unless  otherwise  specified,
thermistor resistance values are classified at a
standard temperature of 25°C. The resistance
of a temperature is solely a function of its
absolute temperature.

MP2651 Rev. 1.1
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Refer to the thermistor’s datasheet to obtain the
relevant parameters. Calculate the relationship
between the resistance and absolute
temperature of a thermistor with Equation (1):

1 1
R =R, xe’ T 72 (1)

Where R; is the resistance at the absolute
temperature T1, Rz is the resistance at absolute
temperature T2, and B is a constant that
depends on the thermistor’'s material.

The MP2651 continuously monitors the
battery’s temperature by measuring the voltage
at the NTC pin (Vntc). This voltage is
determined by the resistor divider since its ratio
is produced by the NTC thermistor’s resistance
when the battery is under different ambient
temperatures (see Figure 7).

§ % wc| — ]

NTC
NTCNCold > Cool > Protection

Rz

Hot Warm
Rnre

103AT-2

Figure 7: NTC Protection Circuit

The MP2651 internally sets a pre-determined
upper and lower bound for Vntc range. If Vnrc
goes out of this range, the temperature is
outside its safe operating limit. Then charging
stops until the operating temperature returns
into the safe range.

To satisfy the JEITA requirement, the MP2651
has four temperature thresholds: a cold battery
threshold (0°C by default), cool battery
threshold (10°C by default), warm battery
threshold (45°C by default), and a hot battery
threshold (60°C by default). For a given NTC
thermistor, these temperatures correspond to
the Vcolp, VcooL, Vwarw, and Vior, respectively.

These thresholds can be configured via
REGODh, bitS[7ZO]. When Vn1e < Vhot or Vnte >
Vcowp, charging is suspended and the timers
are suspended. When Vyor < Vntc < Vwarw Or
when VcooL < Vntc < Vcolp, the device responds
based on what is set via REGOCh, bits[14:4].
Figure 8 shows the JEITA control profile.

Maximum Charge Current (1C)

1/2C

1/4C
1/8C
Maximum Charge Voltage: 4.25V
(4.2V Typically)
A
20mV/Cell
to
640mV/Cell
Cold Cool Normal Warm Hot
T T2 T3 T4 T5
(0°C) (10°C) (45°C) (50°C) (60°C)

Figure 8: NTC Window

MP2651 also monitors the battery
temperature in discharge mode. NTC fault
indication only occurs when the battery
temperature is below the Vcowp threshold or
above the Vyor threshold.

NTC Floating Detection

If Vnrc exceeds 95% of 1.28V, an NTC float is
detected, INT asserts, and the corresponding
status register changes. The switcher turns off
when NTC is floating.

Battery Missing Detection

The MP2651 counts how often charging
terminates every 10s. If charge termination
occurs more than three times in 10s, the
MP2651 reports that the battery is missing via
the status register and initiates an INT signal.

TS/IMON Pin Function

The MP2651 has a TS/IMON pin that is either
used for temperature monitoring (TS) or current
monitoring (IMON). When REG10h, bit[12] = 0,
this pin is configured for temperature monitoring.
When REG10h, bit[12] = 1, this pin is
configured for charge current monitoring.

TS Function

When the TS function is enabled, the TS pin
senses the input connector’'s temperature via
REGODh, bits[12:10].

When the TS pin reaches Vs _nor, an INT signal
asserts to indicate that a TS fault has occurred.
In charge mode, the In limit is reduced to
500mA with 50mA/Step every 62.5ms. When
the IC recovers from a TS fault, the Iy limit rises

MP2651 Rev. 1.1
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to its set value with 50mA/step every 62.5ms.

By default, the triggered INT signal is masked
by REG18h.

IMON Function

When the IMON function is used, the IMON pin
represents the battery charge current with a
gain of 0.1V/A (in charge mode or source
mode).

Thermal Shutdown

The IC continuously monitors the internal
junction temperature to maximize power
delivery and avoid overheating the chip. If the
junction temperature reaches 150°C, the PWM
converter shuts down. Normal operation does
not resume until the junction temperature drops
below 120°C.

Host Mode and Default Mode

The IC is a host-controlled device. After power-
on reset (POR), the IC starts in the watchdog
timer expiration state or in its default mode. All
the registers are set to their default settings.

Any write to the IC forces it to host mode. All
the device parameters can be configured by the
host. To keep the device in host mode, the host
has to reset the watchdog timer regularly by
writing 1 to REGO01h, bit[6] before the watchdog
timer expires. If the watchdog timer expires, the
IC goes back into default mode.

Impedance Compensation to Accelerate
Charging

Throughout the entire charging cycle, the
constant voltage charging stage takes a longer
time. To accelerate the charging cycle, it is
recommended for the device to stay in the
constant current charging stage for as long as
possible.

The IC allows the user to compensate the
intrinsic resistance of the battery by adjusting
the battery regulation voltage according to the
charge current and internal resistance. In
addition, a maximum allowed regulated voltage
provides additional safety measures. The real
battery regulation voltage (Veatr rec_act) can be
calculated with Equation (2):

VBATT_REG_ACT = VBATT_REG +Min (VCLAMP’ |CHG_ACT X RBATT)(Z)

Where Veatr reec is the battery regulation
voltage set via REG15h, bits[14:4], and Ichg acT
is the real-time charge current during operation.

Source Mode Operation

The MP2651 can operate in source mode to
supply power to the IN pin using the battery. To
ensure that the battery is not drained, the
device does not enter this mode if the battery is
below the configurable low battery threshold.
Source mode operation can be enabled when
REG12h, bit[3] = 1. When both charging and
discharging are enabled, the discharge
operation takes higher priority.

In source mode, the IC employs a fixed-
frequency (500kHz to 1.2MHz, configurable)
switching regulator. This regulator switches
from PWM operation to PSM under light loads.

Vin_sre is compliant with USB PD specifications.
It can be set to 5V, 9V, 12V, 15V, or 20V, with
20mV/step, via the digital-to-analog-converter
(DAC) in the register or the external FB pin.

The In src limit can be configured via the
[2C/SMBus up to 5A, with 50mA/step. This is
compliant with 12C/SMBus specifications.

Discharge operation is enabled if both of the
following conditions are met:

b VBATT > VBATLLOW

e REG12h, bit[3] = 1

To meet PD timing specifications, VN src
should settle within 275ms.

In source mode, the switcher can work in buck
mode, boost mode, or buck-boost mode,
according to Veatt and the discharge voltage.

Over-Voltage Protection (OVP) in Source
Mode

The MP2651 features output OVP in source
mode. The IC continuously monitors Vi in
source mode. If Vin > VIN_SRC_OV, the PWM s
disabled and an OV fault asserts in the status
and fault registers. The PWM recovers once Vin
drops below VN src ov by a hysteresis (see the
Electrical Characteristics section on page 12 for
more details).
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Short-Circuit Protection (SCP) in Source
Mode

In addition to output OVP, the MP2561 features
output short-circuit protection (SCP). When the
load current reaches the output current limit,
Viap begins to fall. If Viap falls below Vin_src uv
for more than 10ms, a discharge fault asserts.
Discharging is disabled for 30ms, then it
restarts.

Battery Standby Mode

If only the battery is connected, the input source
is absent, and the discharge function is
disabled, the VCC LDO stays on. The device’s
maximum quiescent current (lg) is 33pA, which
extends the battery’s runtime.

Battery Under-Voltage Protection (UVP)

The MP2651 has two types of battery under-
voltage protection (UVP). If Veart < VeatT LOW fOr
30ms in source mode, the MP2651 generates
an INT signal to report that Vearr is low, then
source mode is stopped. The user can
configure the source mode behavior via
REGOBh bit[11]. When REGOBh bit[11] = 0,
source mode restarts automatically when Vearr
exceeds 6.4V. When REGOBh bit[11] = 1,
source mode is latched, and the SRC-EN bit
must be toggled to restart source mode.

SMBus and I12C Compatibility

The MP2651 has an SCL/SDA interface that is
compatible with the SMBus/I°C interface. In
addition, the MP2651’s registers are 16 bits,
which are compatible with both SMBus and 12C
standards.

The system management bus (SMBus) is a
two-wire, bidirectional serial interface,
consisting of a data line (SDA) and a clock line
(SCL). The lines are externally pulled to a bus
voltage when they are idle. Connecting to the
line, a master device generates the SCL signal
and device address, then arranges the
communication sequence. This is based on I2C
operation principles.

The MP2651 interface is an SMBus slave that
supports both standard mode (100kHz) and fast
mode (400kHz). The SMBus address is 0001
001x, where x is the read/write bit. The device
receives control inputs from the master device,
such as a microcontroller (MCU) or a digital
signal processor.

Start and Stop Commands

All transactions begin with a start (S) command
and are terminated by a stop (P) command. 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 while the SCL is high
(see Figure 9).

Start and stop commands are always generated
by the master. The bus is considered busy after
a start command; it is considered free after a
stop command.

s\ /[N /T
(©) /_ "_\_/ ,,,,, S(tpo)p

ScL Start
Figure 9: Start and Stop Commands

Data Validity

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 10).

When the bus is free, both lines are high. The
SDA and SCL pins are open drains.

o/ X \

Change of
Data line data
SCL stable allowed

Data valid
Figure 10: Data Validity

Interrupt to Host (INT)

The MP2651 has an alert mechanism that
outputs an interrupt signal via the INT pin. If an
interrupt is triggered, the device outputs a
256pus low-state INT pulse. The INT output is
designed as an open-drain structure that must
be externally pulled up to a voltage source for
operation. The INT signal can be masked via
REG18h and REG19h.

Address

To avoid having multiple devices on the same
[2C bus with the same address, the MP2651’s
address can be configured via the one-time
programmable (OTP) memory (OTP address).

MP2651 Rev. 1.1
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PRELIMINARY SPECIFICATIONS SUBJECT TO CHANGE

To support multiple MP2651 devices on the
same [2C/SMBUS lines, the device OTP
address can be adjusted via REGO05h, bits[6:3].

The MP2651 also has a universal address,
5Ch. When only one MP2651 device is in use,
5Ch or the OTP address can be used as the
communication address.

The address is 7 bits long, followed by the 8th
data direction bit (R/W). A 0 indicates a
transmission (write), and a 1 indicates a request
for data (read). Figure 11 shows the address bit
arrangement for the OTP address and universal
address (5Ch).

MSB LSB
I—Iligheslt 4 Bit!s 0 0 1 RW
e L 1 1
L——— Slave Address ——

OTP Address
MSB LSB

i1]lof|l 1t]1]1]0 |0 |RW

L— Slave Address —m8

Universal Address (5Ch)
Figure 11: 7-Bit Slave Address

SMBus Alert Response Address (ARA)

The SMBus alert response address (ARA) is a
special address that can be used by the bus
host.

Acknowledgement

SDA signal from slave

If more than one slave-only device is connected
on the bus, and all the INT lines are connected
together, a slave-only device can signal to the
host that it wants to talk through INT. The host
processes the interrupt and simultaneously
accesses all INT devices through the ARA.
Only the device(s) that pull INT low
acknowledge the ARA.

The host performs a modified receive byte
operation. The 7-bit device address provided by
the slave transmit device is placed in the 7 most
significant bits of the byte. The 8th bit can be a
Oorf.

The SMBus ARA is 0001 100b.

Byte Format

Each byte on the SDA line must be 8 bits long.
The number of bytes to be transmitted per
transfer is unrestricted. Each byte must be
followed by an acknowledge (ACK) bit. Data is
transferred with the most significant bit (MSB)
first.

The acknowledgement takes place after every
byte. The ACK bit allows the receiver to signal
to the transmitter that the byte was successfully
received, then another byte can be sent. All
clock pulses, including the acknowledge pulse
(9th clock pulse), are generated by the master
(see Figure 12).

Acknowledgement
signal from receiver

AN b G G G N W G G G G5 G

SCL

Start or \M ......... 7 8 9 _/T\_/_2\_/ \_/_8\_/_9\_J Stop or

Repeated ACK ACK Repeated
Start Start
Figure 12: Acknowledge Bit
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The transmitter releases the SDA line during
the acknowledge clock pulse, so the receiver
can pull the SDA line low. If the SDA line
remains high during the 9th clock pulse, this is
a not acknowledge (NACK) signal. The master
can then generate either a stop command to
abort the transfer or a repeated start command

After the start command, a slave address is
sent. 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). If the register address is not
defined, the charger IC sends back a NACK
signal and returns to an idle state.

to start a transfer. Figure 13, Figure 14, and Figure 15 show the

complete data transfer.

ST\ A /A G
SCL
T\ A TET A ST\ A
Address R/W ACK Data ACK Data ACK
Figure 13: Byte Format
18It 7 Bits HBit | 1Bt 8 Bits 1 Bit 8 Bits 1Bt | 8 Bits 1Bit 1Bt |

- From Master to Slave |:| From Slave to Master A = Acknowledge (SDA Low) S =Start P =Stop
Figure 14: Singe-Word Write

1 Bit 7 Bits 11Bit1Bit 8 Bits 7 Bits 1Bit 1 Bit 8 Bits Bt  8Bits  1Bit1Bit
A Low Byte Data . High Byte Data -
[ From Master to Slave A = Acknowledge (SDA Low) S = Start

[ From Slave to Master /A = Not Acknowledge (SDA High) P = Stop
Figure 15: Single-Word Read

MP2651 Rev. 1.1 MonolithicPower.com 30
6/15/2023 MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.
© 2023 MPS. All Rights Reserved.



mps MP2651 — BUCK-BOOST CHARGER FOR 1 TO 4 CELLS IN SERIES

REGISTER MAP

Register Name 23312‘:; OoTP? R/W Description
REGO05h 0x05 Yes R/W Device Address Setting
REGO06h 0x06 Yes R/W Input Minimum Voltage Limit Setting
REGO08h 0x08 Yes R/W Input Current Limit Setting
REGO09%h 0x09 No R/W Output Voltage Setting in Source Mode
REGOAh 0X0A No RW il?]agsl?;clén&iccjjaence Compensation and Output Current Limit Setting
REGOBh 0xOB Yes RW gigﬁgtig}?\iﬂr’\ S\/:Lljtr?:%eM;)rggeShdd and Battery Discharge Current
REGOCh 0x0C No R/W JEITA Action Setting
REGODh 0x0D Yes R/W Temperature Protection Setting
REGOEh 0x0E Yes R/W Configuration Register 0
REGOFh OxOF Yes R/W Configuration Register 1
REG10h 0x10 Yes R/W Configuration Register 2
REG11h 0x11 Yes R/W Configuration Register 3
REG12h 0x12 Yes R/W Configuration Register 4
REG14h 0x14 Yes R/W Charge Current Setting
REG15h 0x15 Yes R/W Battery Regulation Voltage Setting
REG16h 0x16 No R Status and Fault Register 0
REG17h 0x17 No R Status and Fault Register 1
REG18h 0x18 No R/W INT Mask Setting Register 0
REG19h 0x19 No R/W INT Mask Setting Register 1
REG22h 0x22 No R Internal DAC Output of the Input Current Limit Setting
REG23h 0x23 No R ADC Result of the Input Voltage
REG24h 0x24 No R ADC Result of the Input Current
REG25h 0x25 No R ADC Result of the Battery Voltage
REG27h 0x27 No R ADC Result of the Battery Current
REG28h 0x28 No R ADC Result of the NTC Voltage Ratio
REG29%h 0x29 No R ADC Result of the TS Voltage Ratio
REG2Ah 0x2A No R ADC Result of the Junction Temperature
REG2Bh 0x2B No R ADC Result of the Battery Discharge Current
REG2Ch 0x2C No R ADC Result of the Input Voltage in Discharge Mode
REG2Dh 0x2D No R ADC Result of the Output Current in Discharge Mode

Notes:

7) The default device OTP address is 69h, and the universal address is 5Ch. See the Address section on page 28.
8) OTP in this section means one-time programmable (OTP) memory.
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REGISTER MAP (MP2651GVT-000A)
REGO5h: Device Address Setting

Bits Name Default Rﬁﬁ.tDby R/W | Description Comments
15:10 RESERVED 0 N/A N/A | Reserved. Reserved.
0: Disabled When this bit is set to 0, the watchdog
9 WD_SET 1 N R/W : timer is automatically disabled when
1: Enabled .
VN is absent.
Default: 0
0: Disabled (C) To be compliant with the SMBus, a
: Disable ; i i
8 TLOW EN 0 N R _ 25ms timer is required to release SCL
- 1: Enabled (SMBus) and SDA (reset the communication) if
the timer expires. This bit can be
configured via the OTP.
7 RESERVED 1 N R Reserved. Reserved.
6 ADDR(3] 1 N R Default: 0b1101
5 ADDR[2] 1 N R These bits determine the highest 4 bits
4 ADDR[1] 0 N R of the device’s address. These bits can
be configurable via the OTP.
3 ADDRI[0] 1 N R
2:1 RESERVED 0 N/A N/A | Reserved. Reserved.
0 RESERVED 1 N/A N/A | Reserved. Reserved.
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REGO6h: Input Minimum Voltage Limit Setting

Bits Name Default Rﬁitoby R/W Description Comment
15:8 | RESERVED 0 N/A N/A | Reserved. Reserved.
7 Vin_mIN[7] 0 Y R/W | 10240mV.
6 ViN_MIN[6] 0 Y R/W | 5120mV.
5 Vin_mIN[5] 1 Y R/W | 2560mV.
Default: 4.56V
4 Vin_min[4] 1 Y R/W | 1280mV. Range: 0V to 20.4V
These bits set the minimum Vin limit.
3 ViN_MiN[3] 1 Y R/W | 640mV. These bits can be configured via the
OTP.
2 ViN_MIN[2] 0 Y R/W | 320mV.
1 ViN_miN[1] 0 Y R/W | 160mV.
0 Vin_miN[0] 1 Y R/W | 80mV.
REGO8h: Input Current Limit Setting
Bits Name Default R?’?ﬁtoby R/W Description Comment
15:7 | RESERVED 0 N/A N/A | Reserved. Reserved.
6 Iin_Lim[6] 0 Y R/W | 3200mA.
5 Iin_Lim[5] 0 Y R/W | 1600mA. Default: 500mA
Range: 0A to 5A
4 Iin_Lim[4] 0 Y R/W | 800mA. . o .
These bits set the Iin limit. These bits can
3 Iy Lv[3] 1 v RW | 400mA. be configured via the OTP.
Note that when RS1 changes to 5mQ, the
2 IIn_Lim[2] 0 Y R/W | 200mA. internal gain should also be changed via
REG10h, bit[8] to keep the LSB
1 Iin_Lm[1] 1 Y R/W | 100mA. unchanged.
0 Iin_Lim[0] 0 Y R/W | 50mA.

MP2651 Rev. 1.1
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REGO09h: Output Voltage Setting in Source Mode

Bits Name Default Rﬁ-e}lDby R/W | Description Comment
15:12 RESERVED 0 N/A R/W | Reserved. Reserved.
Default: 0
11 v 0 N rw | 9OV i
IN_SRC_OS 1:0.64V When this bit is enabled, Vin_src =
DEC (bits[9:0]) + 0.64V
0: Configured by the | pDefault: 0
register bit
10 VIN_sRC_cFG 0 N R/W 1:gconfigured by the | This bit determines the method of
FB pin configuring Vin_src.
9 ViN_src[9] 0 N R/W | 10240mV.
8 ViN_src[8] 0 N R/W | 5120mV.
7 ViN_srcl7] 1 N R/W | 2560mV.
6 VIN_src[6] 1 N R/W | 1280mV.
5 ViN_sre[5] 1 N R/W | 640mV. Default: 4.98V
Range: 4V to 20.46V
4 ViN_src[4] 1 N R/W | 320mV. These bits set Vin_src.
3 VIN_src[3] 1 N R/W | 160mV.
2 Vin_src[2] 0 N R/W | 80mV.
1 VIN_sre[1] 0 N R/W | 40mV.
0 ViN_src[0] 1 N R/W | 20mV.
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REGOAh: Battery Impedance Compensation and Output Current Limit Setting in Source Mode

Bits Name Default Rﬁitoby R/W | Description Comment
15 RESERVED 0 N/A N/A | Reserved. Reserved.
14 RESERVED 0 N/A N/A | Reserved. Reserved.
13 BATTR[2] 0 Y R/W | 200mQ/cell. Default: 0mQ
12 BATTR[1] 0 Y R/W | 100mQ/cell. Range: 0OmQ to 350mQ
These bits input the predicted battery
" BATTRIO] 0 Y R/W | 50mQycel. internal impedance and cable impedance.
10 Veiawr[2] 0 Y R/W | 240mVi/cell. Default: OmV/cell
9 Veiame[1] 0 Y R/W | 120mV/cell. Range: OmV/cell to 420mV/cell
These bits set the maximum compensation
voltage, which should be added to original
8 Veiaur([0] 0 Y RW | 60mV/cell. battery-full regulation voltage if the IR
compensation function is used.
7 RESERVED 0 NA NA Reserved. Reserved.
6 IIN_src[6] 0 Y R/W | 3200mA.
5 IIN_src[5] 1 Y R/W | 1600mA. Default: 2A
Range: OA to 5.5A
4 I 4 0 Y R/W | 800mA.
_srol4] These bits set the lour limit in source
3 Iin_src[3] 1 Y R/W | 400mA. mode.
Note that when RS1 changes to 5mQ, the
2 Iin_sre[2] 0 Y R/W | 200mA. internal gain should also be changed via
REG10h, bit[l8] to keep the LSB
1 Iin_sre[1] 0 Y R/W | 100mA. unchanged.
0 Iin_src[O] 0 Y R/W | 50mA.
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MP2651 — BUCK-BOOST CHARGER FOR 1 TO 4 CELLS IN SERIES

REGOBh: Battery Low Voltage Setting and Battery Discharge Current Regulation in Source

Mode
: Reset by i
Bits Name Default WTD R/W | Description Comment
15:14 RESERVED N/A N/A N/A | Reserved. Reserved.
Default: 1
13 Veatt Low EN 1 % R/W 0 Disabled This bit enables the battery low-voltage
- 1: Enabled protection. This bit can be configured
via the OTP.
0: 2.5V/cell Default: 1
:2.5V/ce
12 VBATT_PRE 1 N R/W 1: 3V/cell This bit sets the pre-charge to CC
charge threshold.
Default: 0
This bit determines the behavior of
battery low voltage protection when
REGOBNh, bit[13] is set to 1. When Vearr
< VeatT Low which is set via REGOBh,
0: Onlv generate INT bits[10:9]. INT is asserts and the
BATTLOW 1: Geﬁgrate INT and DC/DC converter can also be latched
11 ACT 0 Y R/W Ia.tch off the DC/DC off optionally. This bit can be configured
converter via the OTP.
Note that charging the battery or
toggling the SRC_EN bit clears the
DSCHG_FLT bit. Then the source can
be enabled again. When source mode
is disabled, the BATTLOW comparator
does not operate.
10 VeatT_Low[1] 0 N R/W 00: 3V/cell Default: 00
0153-1\”09" These bits set the low battery voltage
9 VeatT_Low[0] 0 N R/W 10:3.2V/cell threshold for battery low-voltage
11:3.3V/cell protection.
0: Disabled Default: 0
: Disable
8 lsatT_pscHGEN 0 N R/W 1: Enabled This bit enables battery discharge
current regulation in source mode.
7 IBATT_DscHa[7] 1 N R/W | 6400mA.
6 IsATT_DscHa[6] 0 N R/W | 3200mA.
5 IsaTT_DscHa[5] 0 N R/W | 1600mA.
Default: 6.4A
4 |BATT_DSCHG[4] 0 N R/W | 800mA. Range: 0A to 12.75A
3 lsaTT pscra[3] 0 N R/W | 400mA. These bits set the battery discharge
_ current in source mode.
2 IBATT_DscHa[2] 0 N R/W | 200mA.
1 IsaTT_DscHa[1] 0 N R/W | 100mA.
0 IsaTT_DscHa[0] 0 N R/W | 50mA.
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MP2651 — BUCK-BOOST CHARGER FOR 1 TO 4 CELLS IN SERIES

REGOCh: JEITA Action Setting

. Reset _—
Bits Name Default by WTD R/W | Description Comment
15 RESERVED 0 N/A N/A | Reserved. Reserved.
14 | WARM_ACT[1] 0 Y R/W | 00: No action
01: Only reduce Veatt_rec | These bits determine the device’s
10: Only reduce lcc behavior if NTC warm protection
13 | WARM_ACT[(] 1 Y R/W | 11: Reduce both Veatr rea | occurs.
and lcc
12 COOL_ACT[1] 1 Y R/W | 00: No action
01: Only reduce Veatt_Rec | These bits determine the device’s
10: Only reduce lcc behavior if NTC cool protection
11 COOL_ACT[0] 0 Y R/W | 11: Reduce both Veart rea | occurs.
and lcc when NTC cool
10 | JEITA_VSET[4] 1 Y R/W | 320mV/cell. Default: 320mV/cell
Range: (Omv to 620mv)/cell with
9 JEITA_VSET[3] 0 Y R/W | 160mV/cell. 20mv/cell per step
8 JEITA_VSET[2] 0 Y R/W | 80omV/cell. These bits set the decrement value
_ for the battery-full voltage if NTC
7 JEITA_VSET[1] 0 v RW | 40mV/cell. cool or warm protection occurs. The
battery-full voltage can be set via
6 JEITA_VSET[O] 0 Y R/W | 20mV/cell. REG15h.
5 JEITA_ISETI[1] 0 Y R/W Default: 01
00: 1/2 times
01: 1/4 times These bits set the scaling value of
4 JEITA_ISET[0] 1 v RW | 10:1/8 times the constant current (CC) charge
11: 1/16 times current. The CC charge current can
be set via REG14h.
3:0 RESERVED 0 N/A N/A | Reserved. Reserved.
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MP2651 — BUCK-BOOST CHARGER FOR 1 TO 4 CELLS IN SERIES

REGODh: Temperature Protection Setting

11: 64.8% (+10°C)

Bits Name Default Rﬁ?}.‘Dby R/W | Description Comment
0: Disabled Default: 1
: Disable
15 TS_EN 1 N R/W 1: Enabled This bit enables the external temperature-
sense function.
14 RESERVED 0 N/A N/A | Reserved. Do not change this bit’s value.
Default: 1
0: Only deliver INT | This pit determine the device’s behavior if
when the TS threshold | TS over-temperature protection (OTP)
13 TS_ACT 1 Y R/W |s. reac_hed occurs. An INT asserts after TS OTP
1: Dellyer INT and take | oceurs, and an additional I regulation can
TS action be taken optionally. This bit can be
configured via the OTP.
12 Vrs_Hot[2] 1 R/W | 000: 9% (100°C)
001:10% (95°C) Default: 100
011; 12,7% (85°C) These bits set the TS over-temperature
100: 14.3% (80°C) (OT) threshold, which is a percentage of
10 Vs _Hot[0] 0 N R/W | 101: 16.1% (75°C) VNTC. Assume the thermistor is 103AT,
- 110: 18.2% (70°C) with a 10kQ pull-up resistor.
111: 20.6% (65°C)
- Di Default: 1
9 | NTCEN 1 N | Rw | 9 Disapted -
- Enable This bit enables NTC protection.
Default: 1
0: Only deliver INT o ] o
when the NTC | This bit determines the device’s behavior if
8 NTC_ACT 1 N R/W | threshold is reached NTC protection occurs. An INT asserts
1: Deliver INT and take | when NTC protection and additional
JEITA action actions can be taken optionally. It can be
configured via the OTP.
7 Vhot[1] 1 N R/W 00: 29.1% (50°C) Default: 10
01525;9% (50500) These bits set the NTC hot temperature
6 Vhort[0] 0 N R/W 10:23/"0(60 Co) threshold, which is as a percentage of
11:20.4% (65°C) Vnte. Assume the thermistor is 103AT.
5 Vwarm[1] 0 N R/W 00: 36.5% (40°C) Default: 01
0f 32-6:/" (4 5:C) These bits set the NTC warm temperature
4 Vwarm([0] 1 N R/W 10:29-10@(50 C) threshold, which is as a percentage of
11:25.9% (55°C) Vnre. Assume the thermistor is 103AT.
3 Vcoor[1] 1 N R/W 00: 74.2% (O°C) Default: 10
01 69-6:" (509) These bits set the NTC cool temperature
2 VcooL[0] 0 N rRw | 10 64-805(1000) threshold, which is as a percentage of
11:59.9% (15°C) Vnrc. Assume the thermistor is 103AT.
1 Vcouo[1] 0 N R/W 00: 78.4% ( 500) Default: 01
01f 74-2:%’( o) These bits set the NTC cold temperature
0 VcoLp[0] 1 N Rw | 10: 69-6/"§+5 C) threshold, which is as a percentage of

Vntc. Assume the thermistor is 103AT.

MP2651 Rev. 1.1

6/15/2023

MonolithicPower.com

38

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




meS

MP2651 — BUCK-BOOST CHARGER FOR 1 TO 4 CELLS IN SERIES

REGOEh: Configuration Register 0

Bits Name Default Rﬁ_ertDby R/W | Description Comment
15:9 RESERVED 0 N/A N/A | Reserved. Reserved.
This bit enables the analog-to-digital
converter (ADC) when it is set to one-shot
conversion mode via REGOERh, bit[7]. This bit
- Di returns to 0 after conversion is complete.
8 ADC_START 0 N riw | O: Disable ADC P
1: Enable ADC When the DC/DC converter is enabled, this
bit is set to 1 to enable the ADC. This bit is
read-only when ADC_CONV = 1. The bit
stays high during ADC conversion.
0: One-shot
conversion This bit determines the behavior of ADC
7 ADC_CONV 0 N RW 1: Continuous conversion.
conversion
6 SW_FREQ[2] 0 Y R/W | 000: 500kHz
001: 600kHz
S SW_FREQ[] 0 Y RW | 010: 700kHz Default: 600kHz
%égggmz These bits set the buck-boost converter’s
4 SW_FREQ[0] ] v RW 101:900kH§ switching frequency. These bits can be
— 110- 1000kHz configured via the OTP.
111: 1200kHz
3:0 RESERVED 0 NA NA | Reserved. Do not change the value of these bits.
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MP2651 — BUCK-BOOST CHARGER FOR 1 TO 4 CELLS IN SERIES

REGOFh: Configuration Register 1

Bits Name Default Rﬁitoby R/W | Description Comment
Default: 1
15 | TJ_REGEN 1 % r/w | 0: Disabled This bit enables junction temperature
- 1: Enabled OT regulation. “This bit can be
configured via the OTP.
14 Ty_rec[2] 1 Y R/W | 000: 80°C
001: 90°C
13 Ty_rec[1] 1 Y RW'| 010: 95°C Default: 111
011:100°C
100: 105°C These bits set the junction
12 Ty Recl0] 1 \% R/W | 101:110°C temperature regulation point.
110: 115°C
111:120°C
11 Irc[3] 0 Y R/W | 400mA.
Default: 100mA
10 Irc[2] 0 Y R/W | 200mA. Range: OmA to 750mA
These bits set the trickle-charge
9 Irc[1] 1 Y R/W | 100mA. current. These bits can be configured
via the OTP.
8 Itc[0] 0 Y R/W | 50mA.
7 IpRe[7] 0 Y R/W | 800mA.
Default: 400mA
6 IPRe[6] 1 Y R/W | 400mA. Range: OmA to 1500mA
These bits set the pre-charge current.
5 PRe[5] 0 Y R/W | 200mA. These bits can be configured via the
OTP.
4 lpre[4] 0 Y R/W | 100mA.
3 Iterm[3] 0 Y R/W | 400mA.
Default: 200mA
2 Iterm[2] 1 Y R/W | 200mA. Range: OmA to 750mA
These bits set the termination current.
1 lrerm[1] 0 Y R/W | 100mA. These bits can be configured via the
OTP.
0 Iterm[0] 0 Y R/W | 50mA.
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MP2651 — BUCK-BOOST CHARGER FOR 1 TO 4 CELLS IN SERIES

REG10h: Configuration Register 2

: Reset -
Bits Name Default by WTD R/W | Description Comment
15 RESERVED 0 N/A N/A | Reserved. Reserved.
Default: 0
0: Not force ACGATE | This bit controls the ACGATE. It can
14 ACGATE_ 0 N RW | on force ACGATE to turn on external
CTRL 1: Force ACGATE on MOSFET when it is set to 1. The
ACGATE state depends on the ADP
voltage.
13 RESERVED 0 N/A N/A | Reserved. Do not change the value of this bit.
0: TS/IMON pin acts | This bit configures the function of the
as TS TS/IMON. It is configured to TS
12 TS/IMON 0 Y RW 1 1. TS/IMON pin acts | function by default. This bit can be
as IMON configured via the OTP.
Default: 1
0: -100mV/cell This bit sets the automatic recharge
1 VRECH 1 N R/W 1: -200mV/cell threshold, which is compared to
battery-full voltage. This bit can be
configured via the OTP.
10 BAT_NUM[1] 0 N R/W | 00: 1 cell Default: 01
o 2ce This bit sets the batt lls i i
10: 3 cell is bit sets the battery cells in series.
9 | BAT_NUMIO] 1 N RIW 1 15 1 el This bit can be configured via the OTP.
This bit sets the Iin sense gain. It
0: 10mQ should be set according to external
8 IN_RSNS 0 N R/W 1:5mQ sense resistor (RS1). It assumes a
) 10mQ sense FET is used by default.
This bit can be configured via the OTP.
This bit sets the battery current sense
gain. It should be set according to
0: 10mQ external sense resistor (RS2). It
7 IBATT_RSNS 0 N RIW 1: 5mQ assumes 10mQ sense FET is used as
default. This bit can be configured via
the OTP.
0: Disable the
?ECGAETI f\rCIvFeErT " Default: Enabled
xterna wi
6 ACGATE_EN 1 N RW | be off mandatorily) This bit is used to enable ACGATE
1: Enable the driver.
ACGATE driver
5 RESERVED 0 N/A N//A | Reserved.
4 RESERVED 0 N/A N/A | Reserved.
3 RESERVED 0 N/A N/A | Reserved. Do not change the values of these bits.
2 RESERVED 0 N/A N/A | Reserved.
1 RESERVED 0 N/A N/A | Reserved.
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0 RESERVED 0 N/A N/A | Reserved. Do not change the value of this bit.
REG11h: Configuration Register 3
: Reset i
Bits Name Default by WTD R/W Description Comment
15 RESERVED 0 N/A N/A | Reserved. Reserved.
14 Vin_src_ov[1] 1 N R/W 00: 106% Default: 11
of: 120% Th bit t th It (OV)
10: 115% ese bits set the over-voltage
13 Vin_src_ov[0] 1 N RW | 11 110% threshold for the source Vour.
12 VIN_src_uv[1] 0 N R/W 00: 75% Default: 00
of: 80% Th bit t th d It (Uv)
10: 85% ese bits set the under-voltage
R Vin_sre_uv[0] 0 N RIW 1 5 30% threshold for the source Vour.
Default: 0
10 | VIN_OVP_DGL 0 N RIW ?: }gfn This bit sets the deglitch time for input
: s . .
over-voltage protection (OVP) in
charge mode.
9 Vin_uve[1] 0 N RW | 4o: 3.0v Default: 00
(1)2) ?240/ These bits set the input under-voltage
8 Vin_uvp[0] 0 N R/W 11: 16.8V protection (UVP) threshold. These bits
T can be configured via the OTP.
7 Vin_ove[1] 1 N RW | 00: 7.0v Default: 11
01:11.2V These bits are used to set the input
6 Vin_ovp[0] 1 N Rw | 10:17.6V OVP threshold. These bits can be
11:22.4V configured via the OTP.
5 RESERVED 1 N/A N/A | Reserved. Do not change the value of this bit.
4 RESERVED 0 N/A N/A | Reserved. Do not change the value of this bit.
e Default: 1
3 | BATTOVP_EN 1 N R/W (1): [E)'Saé’l'e:
- Enaple This bit enables battery OVP.
2 RESERVED 0 N/A R/W | Reserved. Do not change the value of this bit.
1 RESERVED 0 N/A R/W | Reserved. Do not change the value of this bit.
0 RESERVED 0 N/A R/W | Reserved. Do not change the value of this bit.
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REG12h: Configuration Register 4

. Reset _—
Bits Name Default by WTD R/W | Description Comment
15 RESERVED 0 N/A N/A | Reserved. Do not change the value of this bit.
14 RESERVED 0 N/A N/A | Reserved. Do not change the value of this bit.
This bit enables the charging safety
0: Disabled timer (both the trickle/pre-charge
13 TMR_EN 1 Y R/W 1j Enabled timer and CC/CV charge timer). It is
' set to 1 by default. This bit can be
configured via the OTP.
12 CHG_TMR][1] 1 Y R/W | 00: 5 hours _
01: 8 hours Default: 11
11 | CHG_TMR[0] 1 Y rRw | 10012 hours These bits set the CC/CV timer.
11: 20 hours
0: The safety timer is not
doubled during input DPM | Default: 1
or thermal regulation
10 TMR2X_EN 1 Y R/W 1: The Safgty timer is | This bit sets the safety timer during
doubled during input DMP | DPM and thermal regulation.
and thermal regulation
0N | Default: 0
: Norma
9 WTD_RST 0 Y R/W 1: Reset This bit resets the I12C watchdog timer.
It returns to O after it is reset.
8 W] 0 Y RW 00: Disable timer Default: 00
015 40s This bit sets the I1°C watchdog timer.
7 WTD[(] 0 Y Rw | 10:80s These bits can be configured via the
11:175s OTP.
Default: 1
6 DC/DGC_EN 1 v R/W (1) Eisat}led This bit enables the DC/DC converter.
: Enabled This bit can be configured via the
OTP.
5 RESERVED 0 N/A N/A | Reserved. Do not change the value of this bit.
0: Disabled This bit enables charge termination. It
4 | TERM_EN 1 Y RIW 1 1. Enabled is set to 1 by default via the OTP.
Default: 0
3 SRC_EN 0 % R/W 0 Disable source mode This bit enables source mode
1: Enable source mode configuration. SRC_EN can override
the charge enable function.
0: Keep current register )
setting Default: 0
2 REG_RST 0 Y RIW | 1: Reset to default | i pit sets the register reset setting.
register value and reset | it resets to 0 after the register is reset.
safety timer
. ; Default: 1
1 IINLIM_EN 1 v R/W 0: [IN_LIM disabled

1: IIN_LIM enabled

This bit enables the Iy limit loop.
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Default: 1
0: Charge disabled This bit configures the charge mode.
0 CHG_EN 1 Y RW 1 4. Charge enabled SRC_EN overrides the CHG_EN
enable function. It can be configured
via the OTP.
REG14h: Charge Current Setting
Bit Name Default Rﬁ.ei.lDby R/W Description Comment
15:14 RESERVED 0 NA NA | Reserved. Reserved.
13 lce[7] 0 Y R/W | 6400mA.
12 lcc[6] 0 Y R/W | 3200mA.
11 lec[3] 1 Y R/W | 1600mA. Default: 2A
Range: 0A to 6A
10 |CC[4] 0 Y R/W | 800mA. Offset: 0A
9 lec[3] 1 % R/W | 400maA. These bits set the charge current.
These bits can be configured via the
8 loc[2] 0 Y RIW | 200maA. OTP.
7 lec[1] 0 Y R/W | 100mA.
6 lcc[0] 0 Y R/W | 50mA.
5:0 RESERVED 0 N/A N/A | Reserved. Reserved.
MP2651 Rev. 1.1 MonolithicPower.com 44
6/15/2023 MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.

© 2023 MPS. All Rights Reserved.



meS
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REG15h: Battery Regulation Voltage Setting

Bits Name Default Rﬁ-e}lDby R/W | Description Comment
15 RESERVED 0 N/A N/A | Reserved. Reserved.
14 Veatt_Rrea[10] 0 Y R/W | 10240mV.
13 VeaTT_Rec[9] 1 Y R/W | 5120mV.
12 VeaTT_Rec[8] 1 Y R/W | 2560mV.
11 \Y 7 0 Y R/W | 1280mV.
satT_Aeal7] Default: 8.4V (absolute voltage)
Range: 3.4V/cell to 4.67V/cell for different cell
10 VBATT_ReG[6] 1 Y R/W | 640mV. counts
9 VBaTT_REG[5] 0 Y R/W | 320mV. These bits set the charge-full voltage. These
bits can be configured via the OTP. The
8 VeaTT Rec[4] 0 \% R/W | 160mV. minimum charge-full voltage setting step is the
_ cell number multiplied by 10mv:
7 VBaTT REG[3] 1 Y R/W | 80mV.
6 VBaTT REG[2] 0 Y R/W | 40mV.
5 VeaTT_Rea[1] 0 Y R/W | 20mV.
4 VearT_reg[0] 0 Y R/W | 10mV.
3:0 RESERVED 0 N/A R/W | Reserved. Reserved.
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MP2651 — BUCK-BOOST CHARGER FOR 1 TO 4 CELLS IN SERIES

REG16h: Status and Fault Register 0

; Reset _—
Bits Name Default by WTD R/W | Description Comment
15 MD_STAT[1] 0 N R These bits indicate the DC/DC
B 00/10: Standby mode converter's  operation  status.
01/11: Operation mode These bits assert INT when the
14 MD_STATI0] 0 N R state changes.
Default: 0
13 PG STAT 0 N R 0 Vin not PG This bit indicates the power good
- 1:Vin PG (PG) status. It asserts INT when
this bit changes from 0 to 1.
12 | SWITCH_STAT[1] 0 N R | 00: Idle Default: 00
o1 Buck Th bits indicate the DC/DC
10: Buck-boost ese DIlS Indicate e
11 SWITCH_STATI0] 0 N R 11: Boost converter's operation mode.
Default: 0
BATT MISS 0: Normal This bit indicates whether the
10 STAT 0 N R 1: Battery missing battery is missing. It asserts INT
when this bit changes from 0 to
1.
9 RESERVED 0 N/A N/A | Reserved. Reserved.
8 CHG_STATI[2] 0 N R 000: No charging Default: 000
001: Trickle charge erault:
7 CHG_STATI1 0 N R .
= 1l 010: Pre-charge These bits indicate the charging
011: CC charge status. These bits assert INT
6 CHG_STAT [0] 0 N R | 100: CV charge when the state changes.
101: Charge termination
Default: 0
0: Not in Vin limit This bit indicates whether the IC
o VIN_MIN_STAT 0 N R 1 In Vin limit stays in the Vin loop. It asserts
INT when this bit changes from 0
to 1.
Default: 0
0: Not in I limit This bit indicates whether the IC
4 IIN_LIM_STAT 0 N R 1+ In Iin limit stays in the Iin loop. It asserts
INT when this bit changes from 0
to 1.
3 RESERVED 0 N/A N/A | Reserved Reserved
2 RESERVED 0 N/A N/A | Reserved. Reserved
0: Normal This bit indicates whether a TS-
1 TS_FAULT 0 N R 1j A TS fault has occurred related fault occurs. It asserts
) INT when TS reaches Vrs_Hort.
0 RESERVED 0 N/A N/A | Reserved. Reserved.
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MP2651 — BUCK-BOOST CHARGER FOR 1 TO 4 CELLS IN SERIES

REG17h: Status and Fault Register 1

Bits Name Default b?il?l‘el'tD R/W | Description Comment
. This bit indicates whether output
0: Normal operation ;
VIN_ : . over-voltage protection (OVP)
15 SRC_OV 0 N R :n'og):P has occurred in source occurs in source mode. It asserts
’ INT when output OVP occurs.
. . This bit indicates whether output
14 VIN_ 0 N R ?: NLOJ:%al ﬁggragggurred source under-voltage protection (UVP)
SRC_UV rﬁode occurs in source mode. It asserts
INT when output UVP occurs.
0: Normal operation This bit indicates whether output
: . OVP occurs in charge mode. It
13 VIN_OV 0 N R lHaLn%urt\qo%ZP has occurred in asserts INT when input OVP
9 occurs.
. This bit indicates whether ADP
0: Normal operation )
12 | VADP_OV 0 N R | 1: VADP OVP has occurred in | OVF o N ﬁhargzD"F‘,Odg'Vg
charge mode asserts when
occurs.
11 RESERVED 0 N/A N/A | Reserved. Reserved.
10 | RESERVED 0 N/A N/A | Reserved. Reserved.
9 RESERVED 0 N/A N/A | Reserved. Reserved.
This bit indicates whether battery
0: Normal operation OVP occurs in charge mode. It
8 VBATT_OV 0 N R 1: Battery OVP has occurred asserts INT when battery OVP
occurs.
0: Normal This bit indicates whether there
VBATT_ A . is a low battery voltage in source
/ LOW 0 N R t1o Ig\ll\?%r;?trgrm%o?tzs estopped due mode. It asserts INT when
y 9 BATT_LOW occurs.
0: Normal operation . -
6 | WTD_EXP 0 N R |1 The watchdog timer has | 1N Dft indicates Wh?thgr the
expired watchdog timer has expired.
. This bit indicates whether the
0: Normal operation . .
CHG_ : . charge safety timer has expired.
5 | TMR EXP 0 N R ;;( Tig% charge Safety timer has | "o conts INT when the timer
P expires.
. . This bit indicates whether
4 THERM_ 0 N R ?j No_rl_rnglrggleratfﬁm down  has thermal shutdown occurs. It
SHDN oé:curred asserts INT when thermal
shutdown occurs.
3 RESERVED 0 NA R/W | Reserved. Reserved.
5 NTC_ 0 N R Charge mode: | Source mode: | These bits indicate whether an
FAULT[2] 000: Normal 000: Normal NTC fault occurs in charge mode
NTC_ 001:NTC cold | 001:NTCcold | or source mode. These bits
1 FAULT1] 0 N R 010: NTC cool | 100: NTC hot | assert INT if a fault occurs.
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MP2651 — BUCK-BOOST CHARGER FOR 1 TO 4 CELLS IN SERIES
PRELIMINARY SPECIFICATIONS SUBJECT TO CHANGE

011: NTC 111: NTC float
NTC warm
O | FauLTIO] 0 N R | 100: NTC hot
111: NTC float
REG18h: INT Mask Setting Register 0
. Reset i
Bits Name Default by WTD R/W Description Comment
15 RESERVED 0 N/A N/A Reserved. Reserved.
14 RESERVED 0 N/A N/A Reserved. Reserved.
VIN_SRC_ 0: Masked
13 FAULT 0 Y RAW 1: Not masked
12 VII:'\AD?_\-F_ 0 Y R/W (1) I\N/Igts rl;e;sked For any fault that is masked,
’ INT does not assert if that fault
0: Masked occurs. However, the fault bit is
1 PG_STAT 0 Y RAW 1: Not masked still set.
BATT_OV_F 0: Masked
10 AULT 0 Y RAW 1: Not masked
9 RESERVED 0 N/A N/A Reserved. Reserved.
8 RESERVED 0 N/A N/A Reserved Reserved
BATT_LOW_ 0: Masked
7 FAULT 0 Y RAW 1: Not masked
BATT _ 0: Masked
6 | miss_STAT 0 Y RW | 1. Not masked
THERM_ 0: Masked
5 SHDN 0 Y RAW 1: Not masked
4 TS FAULT 0 Y R/W 0: Masked For any fault that is masked,
- 1: Not masked INT does not assert if that fault
0: Masked occurs. However, the fault bit is
3 NTC_FAULT 0 Y R/W 1- Not masked still set.
CHG_TMR_ 0: Masked
2 FAULT 0 Y RW 1: Not masked
0: Masked
1 MD_STAT 0 Y R/W 1* Not masked
0: Masked
0 CHG_STAT 0 Y R/W 1+ Not masked

MP2651 Rev. 0.1
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REG19h: INT Mask Setting Register 1

Bits Name Default Rﬁ-e}lDby R/W | Description Comment
15:3 RESERVED 0 NA NA | Reserved. Reserved.
2 RESERVED 0 Y R/W | Reserved. Reserved.
1 VIN_MIN_ 0 Y R/W 0: Masked
STAT 1: Not masked For any fault that is masked, INT does not
0: Masked assert if that fault occurs. However, the fault
0 IIN_LIM_STAT 0 Y RW | ;- bit is still set.

1: Not masked

REG22h: Internal DAC Output of the Input Current Limit

Reset

Bits Name Default by WTD R/W | Description Comment
15:7 RESERVED 0 NA NA | Reserved. Reserved.
6 Iin_DPM[6] 0 N R 3200mA.
5 Iin_DPMm[5] 0 N R 1600mA.
4 Iin_DPMm[4] 0 N R 800mA.
s | el | 0 | N | B [amma | b o e v s b
2 Iin_pPm[2] 0 N R 200mA.
1 Iin_ppm[1] 0 N R 100mA.
0 Iin_ppm[0] 0 N R 50mA.
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REG23h: ADC Result of the Input Voltage

Bits Name Default R?:’?rtDby R/W | Description Comment
15:10 RESERVED N/A N/A N/A | Reserved. Reserved.
9 ViN[9] N/A N/A R 10240mV.
8 Vi8] N/A N/A R | 5120mV.
7 Vin[7] N/A N/A R 2560mV.
6 Vin[6] N/A N/A R | 1280mV.
5 Vin[5] N/A N/A R | 640mV.
These bits indicate the ADC VN conversion .
4 Vin[4] N/A N/A R | 320mV.
3 Vin[3] N/A N/A R | 160mV.
2 Vin[2] N/A N/A R | 80mV.
1 Vin[1] N/A N/A R | 40mV.
0 Vin[0] N/A N/A R | 20mV.
REG24h: ADC Result of the Input Current
Bits Name Default R?’?’?rtDby R/W | Description Comment
15:10 | RESERVED N/A N/A | N/A | Reserved. Reserved.
9 In[9] N/A N/A R | 3200mA.
8 IIN[8] N/A N/A R 1600mA.
7 IN[7] N/A N/A R | 800mA.
6 IIN[6] N/A N/A R | 400mA.
5 IIN[5] N/A N/A R 200mA.
These bits indicate the ADC lin conversion.
4 IIN[4] N/A N/A R | 100mA.
3 IIN[3] N/A N/A R | 50mA.
2 IN[2] N/A N/A R | 25mA.
1 IN[1] N/A N/A R | 12.5mA.
0 IIN[0] N/A N/A R | 6.25mA.
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MP2651 — BUCK-BOOST CHARGER FOR 1 TO 4 CELLS IN SERIES

REG25h: ADC Result of the Battery Voltage per Cell

Bits Name Default R?:’?rtDby R/W | Description Comment
15:10 RESERVED N/A N/A N/A | Reserved. Reserved.
9 Veart[9] N/A N/A R | 2560mV/cell.
8 VearT[8] N/A N/A R | 1280mV/cell.
7 Veatt[7] N/A N/A R | 640mV/cell.
6 VaarT[6] N/A N/A R | 320mV/cell.
These bits indicate the ADC conversion
5 VeatT[5] N/A N/A R 160mV/cell. of the battery voltage per cell.
o | vt | na | wa | A |aomvea T1 52 patery wotage, shoud bo e
3 Veart[3] N/A N/A R | 40mV/cell.
2 VeatT[2] N/A N/A R | 20mV/cell.
1 Veatt[1] N/A N/A R | 10mV/cell.
0 Vaart[0] N/A N/A R | 5mV/cell.

REG27h: ADC Result

of the Battery Charge Current

Reset by

Bits Name Default WTD R/W | Description Comment
15:10 RESERVED N/A N/A N/A | Reserved. Reserved.
9 IaTT[9] N/A N/A R | 6400mA.
8 IaTT[8] N/A N/A R | 3200mA.
7 IsaTT[7] N/A N/A R 1600mA.
6 gATT[6] N/A N/A R | 800mA.
S leaTTl] /A NA R 400mA. These bits indicate the ADC conversion
4 leaTT[4] N/A N/A R | 200mA. of the charge current.
3 IsaTT[3] N/A N/A R | 100mA.
2 lgaTT[2] N/A N/A R | 50mA.
1 lgatT[1] N/A N/A R | 25mA.
0 IgaTT[0] N/A N/A R | 12.5mA.
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REG28h: ADC Result of the NTC Sense Ratio

MP2651 — BUCK-BOOST CHARGER FOR 1 TO 4 CELLS IN SERIES

Bits Name Default R?:’?rtDby R/W | Description Comment
15:10 RESERVED N/A N/A N/A | Reserved. Reserved.
9 NTC[9] N/A N/A R 512/1024.
8 NTC[8] N/A N/A R 256/1024.
7 NTC[7] N/A N/A R 128/1024.
6 NTC[6] N/A N/A R 64/1024.
These bits indicate the ADC conversion
5 NTC[5] N/A N/A R 32/1024. of the NTC voltage, as a percentage of
Vnte. The real battery temperature can
4 NTC[4] N/A N/A R 16/1024. be recalculated according to the external
divider and thermistor datasheet.
3 NTC[3] N/A N/A R 8/1024.
2 NTCI[2] N/A N/A R 4/1024.
1 NTC[1] N/A N/A R 2/1024.
0 NTC[0] N/A N/A R 1/1024.
REG29h: ADC Result of the TS Sense Ratio
Bits Name Default R?,?’?rtDby R/W | Description Comment
15:8 RESERVED N/A N/A N/A | Reserved. Reserved.
9 TS[9] N/A N/A R 512/1024.
8 TS[8] N/A N/A R 256/1024.
7 TS[7] N/A N/A R 128/1024.
6 TS[6] N/A N/A R 64/1024.
S TSI N/A N/A R 32/1024. These bits indicate the ADC conversion
4 TS[] N/A N/A R 16/1024. of TS voltage, as a percentage of Vnrc.
3 TS[3] N/A N/A R 8/1024.
2 TS[2] N/A N/A R 4/1024.
1 TS[1] N/A N/A R 2/1024.
0 TS[0] N/A N/A R 1/1024.
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REG2Ah: ADC Result of the Junction Temperature

Bits Name Default Rﬁ.e}.tDby R/W Description Comment
15:10 RESERVED N/A N/A N/A Reserved. Reserved.
9 TJ[9] N/A N/A R 512.
8 TJ[8] N/A N/A R 256.
7 TJ[7] N/A N/A R 128.
6 TJ[6] N/A N/A R 64.
These bits indicate the ADC conversion
S TJ[5] N/A N/A R 32. of the junction temperature, calculated
with the following equation:
4 TJ[4] N/A N/A R 16. .
Ty =314 - 0.5703 x REG2Ah, bits[9:0]
3 TJ[3] N/A N/A R 8.
2 TJ[2] N/A N/A R 4.
1 TJ[1] N/A N/A R 2.
0 TJ[0] N/A N/A R 1.
REG2Bh: ADC Result of the Battery Discharge Current
Bits Name Default Rﬁ?}tDby R/W Description Comment
15:8 RESERVED N/A N/A N/A Reserved. Reserved.
9 IsaTT_DIS[9] N/A N/A R 6400mA.
8 IsaTT_DIS[8] N/A N/A R 3200mA.
7 IsaTT_DIS[7] N/A N/A R 1600mA.
6 IsaTT_DIS[6] N/A N/A R 800mA.
S leaTr 0is[3] N/A N/A R 400mA. These bits indicate the ADC conversion
f th isch h .
4 — N/A N/A R 200mA. of the battery discharge charge current
3 IsaTT_DIS[3] N/A N/A R 100mA.
2 IsaTT_DIS[2] N/A N/A R 50mA.
1 IsaTT_pis[1] N/A N/A R 25mA.
0 IsatT_DIS[0] N/A N/A R 12.5mA.
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REG2Ch: ADC Result of the Input Voltage in Source Mode

Bits Name Default Rﬁ.e}.tDby R/W | Description Comment
15:10 RESERVED N/A N/A N/A | Reserved. Reserved.
9 Vin_src[9] N/A N/A R | 10240mV.
8 Vin_src[8] N/A N/A R | 5120mV.
7 ViN_src[7] N/A N/A R | 2560mV.
6 Vin_src[6] N/A N/A R 1280mV.
5 VIN_src[5] N/A N/A R 640mV.
These bits indicate the ADC Vour
4 ViN_srcl4] N/A N/A R | 320mV. conversion at the IN pin in source mode.
3 Vin_src[3] N/A N/A R | 160mV.
2 VIN_src[2] N/A N/A R | 80mV.
1 ViN_src[1] N/A N/A R | 40mV.
0 Vin_src[0] N/A N/A R | 20mV.

REG2Dh: ADC Result of the Output Current i

n Source Mode

Reset by

Bits Name Default WTD R/W | Description Comment

15:8 RESERVED N/A N/A N/A | Reserved. Reserved.

9 Iin_src[9] N/A N/A R | 3200mA.

8 IIn_src[8] N/A N/A R 1600mA.

7 IIN_src[7] N/A N/A R 800mA.

6 IIn_src[6] N/A N/A R 400mA.

> In_srcl] A A R | 200mA. These bits indicate the ADC lout
4 — N/A N/A R 100mA. conversion in source mode.
3 IIN_src[3] N/A N/A R 50mA.

2 In_src[2] N/A N/A R | 25mA.

1 In_src[1] N/A N/A R | 12.5mA.

0 Iin_src[0] N/A N/A R 6.25mA.
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MP2651 — BUCK-BOOST CHARGER FOR 1 TO 4 CELLS IN SERIES

APPLICATION INFORMATION

Selecting the Input Capacitor

The input capacitor absorbs the maximum
ripple current from the PWM converter. I is
discontinuous in buck mode. The RMS ripple
current (lcin_rms) of the input capacitor can be
calculated with Equation (3):

| - X \/VBATTX(VIN - VBATT) (3)
CIN_RMS — 'CHG V
IN

The worst-case RMS ripple current occurs at a
50% duty cycle. Typically, VearT is between 6V
and 9V for a 2-cell battery configuration, which
means the worst-case condition occurs when
the input is between 12V and 20V.

Low-ESR ceramic capacitors with X7R or X5R
dielectrics are recommended for the input
decoupling capacitor. These capacitors should
be placed as close as possible to the IN and
PGND pins, and their voltage rating must
exceed the normal Vy level. A capacitor with a
minimum 25V voltage rating is recommended
for up to a 20V V. It is recommended to use 1
x 1uF and 5 x 10uF capacitors for up to a 3A I
limit.

Ceramic capacitors show a DC bias effect that
reduces the charger's effective capacitance.
This effect may lead to a significant capacitance
drop, especially at higher input voltages with
small capacitor packages. Choose a higher
voltage rating or nominal capacitance value to
obtain the required value at the relevant
operation point.

VCC Decoupling Capacitor

VCC is an internal LDO output. Place an
external 4.7uF decoupling capacitor between
VCC and AGND, and as close to these pins as
possible.

Selecting the Inductor

The MP2651 can operate in buck mode or
boost mode, which means that the inductor
current is equal to either the charging current
(lchg) or Iin. The inductor’s saturation current
should exceed the larger value between Iy and
lcha, plus half the ripple current. The inductor
current ripples for buck mode and boost mode
are calculated with Equation (4) and Equation
(5), respectively:

[ VBATTX(VIN — VBATT) (4)

RIPPLE_BUCK —
VINXfSWXL

VINX(VBATT — VIN)
VBATT stw xL

(3)

lRIPPLEiBOOST=

The inductor ripple current (lriprLe) depends on
the input voltage (Vin), the output voltage (Vour),
the switching frequency (fsw), and the
inductance (L).

The inductance (L) in buck mode can be
estimated with Equation (6):

L = VearrX(Vin-Vearr) (6)

IRIPPLEiBUCKXVINXfSW

The required inductance (L) in boost mode can
be calculated with Equation (7):

L= VinX(Vearr — Vin) 7)

VBATT XfSW X IF{IPPLE _BOOST

The MP2651 has a configurable switching
frequency from 500kHz to 1.2MHz. Higher
switching frequencies mean that smaller-value
inductors can be used. The inductor saturation
current should exceed Iche plus half of the
ripple current.

The maximum input ripple current occurs when
D = 0.5. For example, the battery charging
voltage ranges between 6V and 9V for 2-cell
battery packs. For a 15V adapter voltage, a
7.5V Veatr gives the maximum inductor ripple
current. Another example is a 3-cell battery with
a Vearr range between 9V and 13.2V. For a
20V adapter voltage, a 10V Vearr gives the
maximum inductor ripple current.

Generally, the inductor ripple is designed to be
between 20% and 40% of the maximum
charging current. For practical designs, there is
a tradeoff between inductor size and efficiency.

Selecting the Output Capacitor

The output capacitor (Cgarr) should have a
sufficient ripple current rating to absorb the
output AC current.

MP2651 Rev. 1.1

MonolithicPower.com 55

6/15/2023 MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.
© 2023 MPS. All Rights Reserved.



meS

MP2651 — BUCK-BOOST CHARGER FOR 1 TO 4 CELLS IN SERIES

In boost mode, lour is discontinuous and
dominates the output RMS ripple current. The
output RMS ripple current (lceatr BoosT) can be
calculated with Equation (8):

\/VIN X (Vearr = Vin)

ICBATT_BOOST = ICHGX (8)
Vin

The worst-case output RMS ripple current
occurs at the lowest VBUS input voltage. The
CFLR voltage is approximately 8V for the 2-cell
battery packs, so the worst-case scenario
occurs when the voltage is 5V in source mode.
Low-ESR ceramic capacitors with X7R or X5R
dielectrics are recommended for the output
decoupling capacitor. This capacitor should be
placed as close as possible to the CFLR and
PGND pins.

The capacitor’s voltage rating must exceed the
normal Vearr level. A capacitor with a minimum
16V voltage rating is recommended for 2-cell
battery packs.

Current Sense

The MP2651 has current loops to limit the
current and to improve the current accuracy
and loop stability. An external current-sense

resistor is required to sense the average current.

Figure 16 shows the recommended connection.

& \/\/\/\ &
RSx:10mQ
20 20

100nF
—{I—eo

xxP xxN

MP2651

Figure 16: Input or Output Current-Sense Circuit

The I loop limits the current drawn from the
USB port or adapter, and In is sensed through
the IAP and IAN pins.

The battery current loop limits the charge
current and discharge current. The battery
current is sensed through the SRP and SRN
pins.

Selecting the Resistor Divider for the NTC
Thermistor Temperature

In real-world applications, an external NTC
thermistor is placed close to the battery to
sense the battery’s temperature. The MP2651
measures the battery temperature by
monitoring the voltage ratio between the NTC
and VNTC pins (see Figure 7 on page 26).
Every temperature corresponds to a voltage
ratio. The MP2651 has four temperature
thresholds to satisfy JEITA requirements.

For a given NTC thermistor, the NTC hot and
cold temperature thresholds can be calculated
with  Equation (9) and Equation (10),
respectively:

I:‘TZ + I:{NTC_HOT _ VHOT (9)
RT1 + RT2 + F{NchHOT VVNTC

I:zTZ + I:{NTC_COLD

— VCOLD (1 0)
Ry +R +Ryrc_con Ve

Where Rntc Hot is the thermistor value at the
expected hot temperature protection point, and
Rntc cop is the thermistor value at the
expected cold temperature protection point.

By default, Vior / Vunte, Vwarm / Vunte, Veool /
Vunte, and Vecowp / Vunte are 23.6%, 65.2%,
33.2%, and 74.5%, respectively.

Consider a 103AT NTC thermistor on the
battery pack, where the thermistor parameters
are Rosec = 10kQ and B_factor = 3435K. If Rty =
9.845kQQ0 and Rm2 = 60Q, the expected
temperature thresholds (Thor = 60°C, Twarm =
45°C, TcooL = 10°C, and Tcowp = 0°C) can be
determined.

For simplification, a 10kQ Rt can be used, and
Rr2 can be replaced with a wire.

MP2651 Rev. 1.1
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MP2651 — BUCK-BOOST CHARGER FOR 1 TO 4 CELLS IN SERIES

PCB Layout Guidelines

Efficient PCB layout is critical for specified
noise, efficiency, and stability requirements. A
4-layer PCB is recommended. For the best
performance, refer to Figure 17 and follow the
guidelines below:

1. Place the output capacitors as close to
CFLR and PGND as possible. Place a
small-sized, 1uF (e.g. 0603) capacitor
closer than the other 22uF capacitors.

2. Tie the ground connections for the input and
output capacitors to the IC ground with a
short copper trace connection or PGND
plane.

3. Place the input capacitors as close to IN
and PGND as possible. Place a small-sized,
1uF (e.g. 0603) capacitor closer than the
other 10uF capacitors.

4. Route the connection between CFLR/IN and
its 1uF capacitor on the same layer with the
IC. The connection to PGND must be on the
same layer as the IC. Keep this routing loop
as small as possible.

5. Connect AGND and PGND to each
decoupling capacitor via a single-point
connection.

6. Place the VCC decoupling capacitor and the
bootstrap capacitors next to the IC, and
keep the trace connections as short as
possible.

7. Use a Kelvin connection for the current-
sense resistor.

8. Route current-sense wires (IAP and IAN,
then SRP and SRN) away from switching
nodes, such as SW1 and SW2.

- . \
Figure 17: Recommended PCB Layout

Design Example

Table 4 shows a design example following the
application guidelines for the specifications
below.

Table 4: Design Example

Vin 5V to 20V
VBATT REG 8.4V
fsw 600kHz
lcc 3A
ViN_src 5V to 20V

Figure 18 on page 58 shows the detailed
application schematic. The typical performance
and circuit waveforms are shown in the Typical
Performance Characteristics section on page
17. For more device applications, refer to the
related evaluation board datasheet.
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TYPICAL APPLICATION CIRCUITS

C1AEC1ZIC13

HTT

PD Controller

IAP

IAN

ACGATE
ADP

FB

11s4arl

L1 c
Lt Lt
n (92}
= =3

- N

z1sgal

ADDR MP2651

NTC
ACOK VNTC
SDA

TS
SCL
_ VCC
INT PGND AGND
1 1

C3

_—

—

!

A%

Figure 18: Typical Application Circuit without Input Block FETs

Table 5: Key BOM for Figure 18

| RT1 RT2 |

NTC

Qty Ref Value Description Package Manufacturer
5 C1é1C31 1010‘: 2, 10uF Ceramic capacitor, 25V, X7S 0805 Any
4 02,5130,07, 22uF Ceramic capacitor, 25V, X5R or X7R 0805 Any
1 C4 4.7uF Ceramic capacitor, 10V, X5R or X7R 0603 Any
2 C5, C6 100nF Ceramic capacitor, 25V, X5R or X7R 0603 Any
1 L1 1.5uH Inductor, 1.5uH, low DCR, Isat > 14A SMD Any
2 RS1, RS2 10mQ Film resistor, 1% 2512 Any
MP2651 Rev. 1.1 MonolithicPower.com 58
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TYPICAL APPLICATION CIRCUITS (continued)

—e Y g
C5 L1 c6

=
=

-
. |

AFET1 AFET2

ACGATE
ADP

FB

BATT

MP2651

NTC
VNTC

TS
VCC

PD Controller soL

INT

AGND

Figure 19: Typical Application Circuit with Input Block FETs

Table 6: Key BOM for Figure 19

Qty Ref Value Description Package Manufacturer
5 C1,C11, C12, 10uF Ceramic capacitor, 25V, X7S 0805 An
C13,C14 H pactior, =5V, Y

4 C2, g130 c7, 22uF Ceramic capacitor, 25V, X5R or X7R 0805 Any

1 C4 4.7uF Ceramic capacitor, 10V, X5R or X7R 0603 Any

2 C5, C6 100nF Ceramic capacitor, 25V, X5R or X7R 0603 Any

1 L1 1.5uH Inductor, 1.5uH, low DCR, Isat > 14A SMD Any

2 RS1, RS2 10mQ Film resistor, 1% 2512 Any

1 RA 5MQ Film resistor, 5% 0603 Any

> AFET1, SISA14DN- | N-channel MOSFET, 30V, 5.1mQ, Power PAK Visha

AFET2, T1-GE3 20A 1212-8 y
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mP5 MP2651 — BUCK-BOOST CHARGER FOR 1 TO 4 CELLS IN SERIES

PACKAGE INFORMATION

TQFN-30 (4mmx5mm)
| 3.90 | 0.20 0.50 0.55
‘ 410 0.30 ”‘”BSC 0.65
PIN1ID } - 0.55 = } 7
MARKING ™ 0.65 2 _ U‘U U LZW
D ]
// 050 T————] —
L BSC 14— —
PIN1ID ]
INDEX AREA — /A —— e 0 %: = = # 550
‘ = C 1 o050
‘ —|—+ BsC
‘ O —
0575 T L ) 9
| 1 0.675 HS ﬂ ﬂ ﬂ ﬂ L #Fozo REF
0.825
9.825 —H—0.20 REF
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TOP VIEW BOTTOM VIEW
0.70
0.20 REF—:ﬁD_D_D_D_D_D#;l 0.80
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’ ' [0.50
i é 7
I
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mP5 MP2651 — BUCK-BOOST CHARGER FOR 1 TO 4 CELLS IN SERIES

CARRIER INFORMATION

/OOOOOOOO

Pinl —» 1| 1w 1| 1m inre
Reel ABCD ABCD ABCD ABCD
Diameter /

—_—

Feed Direction

Part Number Package Quantity/ | Quantity/ | Quantity/ Reel Carrier Carrier
Description Reel Tube Tray Diameter | Tape Width | Tape Pitch
MP2651GVT- | TQFN-30 5000 N/A N/A 13in 12mm 8mm
XXXX-Z (4mmx5mm)
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MP2651 — BUCK-BOOST CHARGER FOR 1 TO 4 CELLS IN SERIES

REVISION HISTORY

Revision #

Revision Date

Description

Pages Updated

1.0

1/24/2022

Initial Release

1.1

6/15/2023

Updated Vour in source mode to IN output voltage in
source mode (VIN_sRrc)

1,5,12, 22, 27,
34

Updated loutr in source mode to IN output current in
source mode (lin_src)

1,12, 22, 27

Updated the output voltage from 3V to 21V to 4V to 21V in
the Description and Features sections; updated “Between
Buck and Buck-Boost Modes” to “Between Buck and
Boost Modes” in the Features section

Added the default codes for 1-cell to 4-cell applications
(MP2651GVT-010A, MP2651GVT-000A, MP2651GVT-
030A, and MP2651GVT-040A, respectively), removed the
note regarding the former “-0000” default code, and made
formatting updates in the Ordering Information section

ADDR, TS/IMON, VNTC, ACOK, IN, BST2, BSTI,
ACGATE, and FB pins in the Pin Functions section

Made minor formatting edit to Figure 2

21

Updated the register reference from REG12h, bits[9:8] to
REG12h, bits[8:7] in the Watchdog Timer section

25

Updated the description of the IMON Function section

27

Updated Vin to Viap in the Short-Circuit Protection (SCP)
in Source Mode section; updated the quiescent current
from 35pA to 33pA in the Battery Standby Mode section;
updated the register reference from “REG18h~19h” to
‘REG18h and REG19h” in the Interrupt to Host (INT)
section; made minor copyedits

28

Updated the description (added references to the OTP
address, REGO05h, bits[6:3], and the universal address,
5Ch), updated Figure 11, and removed Table 4 in the
Address section (previously the Address Pin section)

28-29

Updated Note 7

31

Added the default configuration for 2-cell applications
(MP2651GVT-000A) to the section header; updated
ADDR[3:0] (previously ADDRJ[6:3]), and reserved bit[7]
and bits[2:0] in REGO5h

32

Corrected the name of REGO6h, bit[7]

33

Updated REG16h, bits[15:14] = 00/10 to standby mode;
updated the Comment section of the BATT_MISS_STAT
and TS_FAULT bits in REG16h

46

Updated the Comment section of the VIN_SRC_OV,
VIN_SRC_UV, VIN_OV, VADP_OV, VBATT_OV,
VBATT_LOW, CHG_TMR_EXP, and THERM_SHDN bits
in REG17h

47

Updated the Comment section of REG27h, bits[9:0]

51

Updated the Comment section of REG2Ah, bits [9:0]

53
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mP5 MP2651 — BUCK-BOOST CHARGER FOR 1 TO 4 CELLS IN SERIES

REVISION HISTORY (continued)

Revision # | Revision Date | Description Pages Updated
Added the default value of Vwarm / Vyntc and updated
the 103AT thermistor example in the Selecting the 56
Resistor Divider for the NTC Thermistor Temperature
section
Corrected the page reference for Figure 18 57
Updated the numbering of Table 4, Table 5, and Table 6 57_59
(previously Table 5, Table 6, and Table 7, respectively)

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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