MP2660

5V USB, 500mA, I°C-Controlled Linear
Charger with Power Path Management

The Future of Analog IC Technology®

for Single-Cell Li-lon Battery

DESCRIPTION

The MP2660 is a highly integrated, single-cell,
Li-ion/Li-polymer battery charger with system
power path management for space-limited
portable applications. This device takes input
power from either an AC adapter or a USB port
to supply the system load and charge the
battery independently. The charger section
features trickle charge, constant current (CC)
and constant voltage (CV) regulation, charge
termination, and charge status.

The power path management function ensures
continuous power to the system even with a
dead battery by automatically selecting the
input, the battery, or both to power the system.
This power stage features a low dropout
regulator from the input to the system and a
100mqgq s wi tthe battefyrtoothe system.
Power path management separates the
charging current from the system load, which
allows for proper charge termination and keeps
the battery in full-charge mode.

The MP2660 provides system short-circuit
protection (SCP) by limiting the current from the
input to the system and the battery to the
system. This feature is especially critical for
preventing the Li-ion battery from being
damaged due to excessively high currents. An
on-chip battery under-voltage lockout (UVLO)
cuts off the path between the battery and the
system if the battery voltage drops below the
programmable battery UVLO threshold, which
prevents the Li-ion battery from being over-
discharged. An integrated I°C control interface
allows the MP2660 to program the charging
parameters including the input current limit,
input voltage regulation limit, charging current,
battery regulation voltage, safety timer, and
battery UVLO.

The MP2660 is available in a 9-pin WCSP
(1.55mmx1.55mm) package.

FEATURES

1 Compatible with 5V USB power sources

1 Fully Autonomous Charger for Single-Cell
Li-lon/Li-Polymer Batteries

1 Complete Power Path Management for
Simultaneously Powering the System and
Charging the Battery

1 Programmable Input Current Limit and

Minimum Input  Voltage  Regulation

Thresholds

+0.5% Charging Voltage Accuracy

13V Maximum Voltage for the Input Source

I°C Interface for Programming Charging

Parameters and Status Reporting

1 Fully Integrated Power Switches and No
External Blocking Diode Required

1 Built-in Robust Charging  Protection
Including Battery Temperature Monitoring
and Programmable Timer

9 Built-In Battery Disconnection Function for

shipping mode

Thermal Limiting Regulation on the Chip

Available in a ultra-compact WCSP-9

(1.55mmx1.55mm) Package

APPLICATIONS

Wearable Devices
Smart Handheld Devices
Fitness Accessories
Smart Watches

Bluetooth Headphones

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.
AMPSO and fAThe Futur e o fregibteral tranlgnarks ©f
Monolithic Power Systems, Inc.
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TYPICAL APPLICATION

UsB
Port

Host

Table 1: Operation Mode Table

2
MOSFET On/Off "C Control
Change By HZ=1 CEB=1 FET DIS =1*
Control Enter Hi-Z Charge Enter Shipping
Mode Control Mode
LDO MOSFET OFF X X
Battery MOSFET
(charging) X OFF OFF
Battery MOSFET
(discharging) X X OFF

x=Donoét Care

* FET_DIS goes back to 0 when the battery MOSFET is off.

Li-ion
Battery
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ORDERING INFORMATION

Package Top Marking
WLCSP-9 (1.55mmx1.55mm) See Below

* For Tape & Reel, add suffix 1 Z (e.g. MP2660GC-xxxxi Z)

** fkxxx0is the configuration code identifier for the register settings. For the default case, the numberisi 0 000 . 0

E a ¢ h caf Rave a hexadecimal value between 0 and F. Please work with an MPS FAE to create this unique
number,even i f

Part Number*
MP2660GC-xxxx**

ordering the fi0o0000 code.

TOP MARKING

DPY
LLL

DP: Product code of MP2660GC
Y: Year code

LLL: Lot number

PACKAGE REFERENCE
TOP VIEW

------------------

...........

~~~~~~~~~

.................

~~~~~~~~~

.................

WCSP-9 (1.55mmx1.55mm)
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PIN FUNCTIONS

Package .
Pin # Name 1/0 Description

Al IN Power Input power. Place a ceramic capacitor (OL e F) fr om | N t o th&
IC as possible.

A2 SYS Power System power supply_. Place a ceramic capacitor((2 . 2e¢ F) from S
close to the IC as possible.

A3 BATT Power Battery. P!ace a ceramic capacitor (2 . 2e F) from BATT tthe
IC as possible.
Temperature sense input. Connect a negative temperature coefficient

B1 NTC | thermistor to NTC. Program the hot and cold temperature window with a resistor
divider from IN to NTC to GND. The charge is suspended when NTC is out of the
range.
Open-drain interrupt output. INT can send the charging status and fault

B2 INT o interruption to the host. INT is used as the battery disconnection control as well.
Pull INT low for >8s to disconnect the battery from the system. The external pull-
up resistor at INT shouldbenos mal | er t han 100kgq.

B3 VDD | Internal control power supply. Connect a ceramic capacitor (0.1uF) from VDD
to GND. No external load is allowed on VDD.

C1 SDA 1/0 I°C Interface data. Connect SDA to the logic rail through a 10kq resistor.

c2 SCL 1/0 I°C Interface clock. Connect SCL to the logic rail through a 10kq resistor.

C3 GND Power |Ground.

MP2660 Rev. 1.01

1/2/2018

www.MonolithicPower.com 4

MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.

© 2018 MPS. All Rights Reserved.



mes

MP2660 i 0.5A, 1-CELL CHARGER W/ I°C CONTROL, POWER PATH

ABSOLUTE MAXIMUM RATINGS @

Thermal Resistance “) dja dic

VN e eeet ettt -0.3V to +13V WLCSP-9 (1.5mmx1.55mm) ... 114...12 ... °C/W
All other pins to GND................... -0.3V to +6.0V
. o _ orm (2) NOTES:
Continuous power dISSIpa'[IOI’l (TA =+25 (C) 1) Exceeding these ratings may damage the device.
.................................................................. 1.1W 2) The maximum allowable power dissipation is a function of the
. ° maximum junction temperature T; (MAX), the junction-to-
Junction temperature .............cccoeieeeeennnnnn. 150°C ambientt her mal r gsandsitie ambioet temiperature
Lead temperature (solder) ............ccceveeeee 260°C Ta. The maximum allowable continuous power dissipation at
................ _ + ° any ambient temperature is calculated by Pp (MAX) = (T,
Storage temperature 65T to +150 °C (MAX)-Ta) had Exceeding the maximum allowable power
. - 3) dissipation produces an excessive die temperature, causing
Recommended Operatmg Conditions the regulator to go into thermal shutdown. Internal thermal
Supply voltage (V|N) ..................... 4.35V to 5.5V shutdown circuitry protects the device from permanent
; damage.
(USB InpUt) 3) The device is not guaranteed to function outside of its
LN e e e e up to 455mA operating conditions.
LY v ererreeeeeeeeeeeeeeeeee e, up to 1.6A 4) Measured on JESD51-7, 4-layer PCB.
ICHG +ervrnrerneer et eans up to 455mA
VBATT «ovvererereseeeeesesesseseseseseseseessnnns up to 4.545V
Operating junction temp. (T;) ...-40°C to +125°C
MP2660 Rev. 1.01 www. MonolithicPower.com 5
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ELECTRICAL CHARACTERISTICS

Vin = 5.0V, Vgatr = 3.5V, Ta = +25°C, unless otherwise noted.

Parameter Symbol ‘Condition ‘ Min ‘ Typ ‘ Max ‘ Units
Input Source and Battery Protection
Input voltage range Vin 13 \%
Input operation voltage Vin 4.35 5.0 55 \%
BATT input voltage © Viart 45
Input over-voltage -
protection threshold Vin ove | Input rising threshold 5.85 6.00 6.15 Vv
Input OVP hysteresis 335 mV
Input under-voltage .-
threshold Vuv N Input rising threshold 3.8 3.9 4.0 Vv
Input under-voltage
threshold hysteresis 180 mv
Input vs. battery threshold Vin satr | Input rising vs. battery 90 110 130 mV
Input vs._battery threshold 66 mv
hysteresis
BATT under-voltage BATT voltage falling,
threshold Vu_sarr programmable, Vyy garr = 2.8V 26 28 3.0 v
Battery UVLO range Programmable using I°C 24 31 Vv
BATT under-voltage _
threshold hysteresis Vuv_sarr = 2.8V 235 mv
Battery over-voltage Rising, higher than Vearr rec 120
: VBaTT ovpP - - mV
protection Falling, higher than Vgarr rec 65
Power Path Management
RegLnated SyStem OUtpUt VSYS REG VIN = 55V, ISYS = lOmA, lCHG =0A 4.85 5.00 5.15 V
voltage -
Input current limit range I°C programmable 85 455 mA
Reg00[2:0] = 000 - 85mA 63 70 85
. Reg00[2:0] = 001 - 130mA 102 116 130
Input current limit In LT mA
- Reg00[2:0] = 100 - 265mA 230 247 265
Reg00[2:0] = 111 - 455mA 400 428 455
Input voltage regulation IZC-programmabIe range 3.88 5.08
threshold Vin_rec 12C setti = v
setting V|\ reg = 4.20V 4.10 4.20 4.30
Charging mode, Vy = 5.5V,
4.85 5.00 5.15
VBATT =3.7V
SYS output voltage Vsvs Supplement mode, Vgarr = 3.7V, \/
_ 3.6
IgatT = 100mMA
Vin < Vuy v and Vearr < Vuy sart 0
IN to SYS switch on
resistance RON_SYS V|N = 5V, ISYS =100mA 300 400 mq
Vin :_5.5V, CE i L, enable, 610
. Iche = OA, Isys = 0A
Supply current at input I LA
Vv =5.5V, CE = H, charge 470
disabled
MP2660 Rev. 1.01 www.MonolithicPower.com 6
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ELECTRICAL CHARACTERISTICS (continued)
VN = 5.0V, Veatr = 3.5V, Ta = +25°C, unless otherwise noted.

Parameter Symbol |Condition Min Typ Max Units
V|N = 5V, CE= L, |sys = OA, 33
VBATT =4.3V
Supply current at BATT Vin=0V, CE =H, Isys = 0A,
input learr Vearr = 4.35V 1 14 KA
Vearr = 4.5V, Viy = Vsys = GND,
FET _DIS =1, disconnect mode 4512 | 5.017
BATT input to SYS switch Vin <2V, Vgart = 3.5V,
on resistance Ron_sarT lsys = 100mA 100 150 mq
BATT to SYS current limit lsaTr max | Program range 200 1600 ®| mA
BATT to SYS switch VBATT = 45V, V|N = VSYS = GND, 1 LA
leakage disconnect mode
SYS reverse to BATT Vsys = 6V, V|y = 4.5V, 12 LA
switch leakage Vearr = GND, CE=H ’
INT pull low lasting time to turn off 8 s
Battery discharge Eunction ¢ the battery discharge function
controlled by INT © T | Battery MOSFET lasts for the off
: 500 ms
time before auto-on
Battery Charger
E;t;%ry voltage regulation |y, < |Programmable using I°C 3.600 4545 | vV
Battery voltage regulation Vearr | T =+25C, lgarr = 15MA 4179 | 4200 | 4221 | Vv
(VBATT REG — 42V)
VearT Rrec = 4.2V,
- 4.179 | 4.200 | 4.221
Battery charge full voltage reg04 bit[7,2] = 101000
[IZC] VBATT_REG Veart rec = 4.35V \
reg04 bit[7,2] = 110010 4.328 | 4.350 | 4.372
Vin =5V, Vgarr = 3.8V, 8 535 ©)
programmable range
Constant current regulation | Vin =5V, Vgarr = 3.8V, 65 76 87 mA
for charging CHG lcus = 76mMA (setting)
Vin =5V, Vgarr = 3.8V,
Iche = 246mMA (setting) 220 245 210
. Junction temperature regulation
g e e o906 (101 11.: <
Thermal_limit=120 2€
Program range 6 27 mA
Trickle current ltc ltc_seting = 20MA,
reg03 bit[1:0] = 10 13.0 16.5 20.0 mA
MP2660 Rev. 1.01 www.MonolithicPower.com 7
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ELECTRICAL CHARACTERISTICS (continued)
VN = 5.0V, Veatr = 3.5V, Ta = +25°C, unless otherwise noted.

Parameter Symbol |Condition Min Typ Max Units

ICHG_SETTING 6263mA, (regOZ blt[4]
=0), lrc serring = 6MA

ICHG_SETTING 6263mA, (regOZ blt[4]
=0), lrc serring = 13mMA

ICHG_SETTING 6263mA, (regOZ blt[4]

4.0 6.5 8.5

10.0 13.0 16.5

16 20 24
=0), ltc serring = 20mA
ICHG_SETTING 6263mA, (regOZ blt[4] 22 27 31
End of charge (EOC) | =0), lrc serring = 27mMA A
BF

current threshold lcre_settine O280mA, (reg02 bit[4]

=1), ltc serring = 6MA
ICHG_SETTING OZBOmA, (regOZ blt[4]
=1), ltc serring = 13MA
ICHG_SETTING OZBOmA, (regOZ blt[4]
=1), ltc serring = 20mA

ICHG_SETTING OZBOmA, (regOZ blt[4]
=1), ltc serring = 27TMA

10.0 13.0 16.5

22 27 32

34 41 48

48.0 56.5 65.0

Trickle charge threshold

Voltage VBATT_LOW VBATT riSing, set VBATT_LOW = 30V 28 30 31 V
Trickle voltage hysteresis 88 mV
Recharge threshold below Reg04[0] =0 130 170 210

VRecHe _ mV
VBATT REG Reg04[0] =1 270 320 370
Thermal Protection
Thermal shutdown rising o
threshold © 150 c
Thermal _sh(gtdown 20 oC
hysteresis
NTC output current InTC CE =L, Ve = 3V -100 0 100 nA
NTC cold temp rising o
threshold Vcolp As a percentage of V| 64 66 68 Y%
NTC cold temp rising
threshold hysteresis 28 mv
NTC hot temp falling o
threshold Vot As a percentage of Vy 33 35 37 %
NTC hot temp falling 65 mv

threshold hysteresis

Logic I/O Pin Characteristics

Low logic voltage threshold A 0.4 \%
High logic voltage
V 1.3 \
threshold H
MP2660 Rev. 1.01 www. MonolithicPower.com 8
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ELECTRICAL CHARACTERISTICS (continued)
ViNn=5V, Tao =25€C , unless otherwise noted.

Parameter ‘ Symbol ‘Condition ‘ Min ‘ Typ ‘ Max ‘ Units
I°C Interface (SDA, SCL)
Input high threshold level VpeulL up = 1.8V, SDA and SCL 1.3 \Y
Input low threshold level VpeulL up = 1.8V, SDA and SCL 0.4 \Y
Output low threshold level Isink = BMA 0.4 V
I°C clock frequency FscL 400 kHz
Digital Clock and Watchdog Timer
Digital clock 2 Foig? 32 kHz
Watchdog timer twoT E;)grammable (reg05 bit[5,4] = 140 160 180 s
Programmable (reg05 bit[2,1] =
00), ter = 3hr 2.7 3.0 3.3
Programmable (reg05 bit[2,1] =
. 01), ter = 5hr 4.5 5.0 5.5
Safety timer tst - hr
Programmable (reg05 bit[2,1] = 79 8.0 8.8
10), st = 8hr ) ) )
Programmable (reg05 bit[2,1] =
11), ter = 12hr 10.8 12.0 13.2

NOTE:
5) Guaranteed by design.
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TYPICAL PERFORMANCE CHARACTERISTICS
Vin=5V, Ta = 25C, IIN_LMT = 455mA, lcyg = 246mA, VIN_REG = 476V, unless otherwise noted.

System Reguation Voltage Battery Current under

Battery Full Voltage

vs. Temperature

vs. Temperature

Shipping Mode vs.

VBATT_FuLL=42V Temperature
4.3 5 10
498 ~ 8
s 425 s <
= Q 49 £ 6
£ 420 @, @,
4 E
E 5 494 2 4
o I a
> > !
4.15
492 2
4.1 49 0
-50 0 50 100 -50 0 50 100 -50 0 50 100
TEMPERATURE (°C) TEMPERATURE (°C) TEMPERATURE (°C)
Trickel Charge Current CC Charge Current Battery Full Termination
vs. Temperature vs. Temperature Current vs. Temperature
ITc=20mA lcc=246mA IgE=20mA
20.0 270.0 30.0
19.0
— 260.0 27.0
. 180 _
2 g g
E 170 H 250.0 w 240 —
< 3 [
E 160 < £
o 150 W 240.0 & 210
= 140 8I ]
) = 2300 18.0
13.0
12.0 220.0 15.0
-50 0 50 100 -50 0 50 100 -50 0 50 100
TEMPERATURE (°C) TEMPERATURE (°C) TEMPERATURE (°C)
Battery OVP Voltage I_Limit_455mA Input Regulation Voltage
vs. Temperature vs. Temperature vs. Temperature
I|N |_|M=455mA =4.
120 450.0 — 5 VIN REG=4.76V
s 118 2 4400 S 49
£ £ >
™ 116 < 430.0 el 2 48
o = - S 4
> 9 <,
S, < =
E 114 ! 420.0 S 47
< = -
o, 3 =z
> 112 14100 S 46
110 400.0 45
-50 0 50 100 -50 0 50 100 -50 0 50 100

TEMPERATURE (°C)

TEMPERATURE (°C)

TEMPERATURE (°C)
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TYPICAL PERFORMANCE CHARACTERISTICS (continued)
Vin=5V, Ta = 256, IIN_LMT = 455mA, lcyg = 246mA, VIN_REG = 476V, unless otherwise noted.

Battery Charge Curve Auto-Recharge Battery Charge Curve
Isys=0A Igys=0A lcHG=640mA, Isys=200mA
VIN VIN 5 VIN :
1V/div. 1Vidiv. ! 1V/div.
Vsys Vsys : Vsys | e
1V/div. 1Vidiv. ! 1Vidiv. ]
i ¢ L ) ! ‘
3 3 3
4] By - ol I
2s/div. 1s/div. 2s/div.
CC Charge Steady State Supplement Mode Input Voltage Regulation
VBaTT=3.7V, IgY5=200mA Steady State based PPM
VBATT=3.7V, Igys=600mA VIN=5V/M150mA, VgaTT=4.2V,
v VIN_REG=4-84V
\Y/ ]N Y
1Vidiv . Vin . 1Vidiv. - e P
Vsvs _ 1V/div. Vsys -
1V/div. 1 Vsys 1Vidiv. L"‘\__IJ
! 1V/div. f
d
B+ +
3] [E3 B
4
1ms/div. 1ms/div. 4s/div.
Input Voltage Regulation Input Current Limit Input Current Limit
based PPM based PPM based PPM
V|N=5Vl300mA, VBA'|—|'=3.7V VBATT=3-7V VBA'|—|'=4.2V, IBA-|-|-=100mA,
| Veys | i

Vsys | : Vsys
1Vidiv. ! ™ vidiv. Vv, : 2
1V/div. : | f
. ; \ .
. ; : \ |
N \ |

IN
50mA/div.

4s/div. 4s/div. 4s/div.
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TYPICAL PERFORMANCE CHARACTERISTICS (continued)
Vin=5V, Ta = 256, IIN_LMT = 455mA, lcyg = 246mA, VIN_REG = 476V, unless otherwise noted.

Power Off

Power On
VBATT=3.7V, ISYS=0A VBA'|-|'=3.7V, ISYS=0A
u v u
IN
V|N 1V/div. hﬂ
1V/div. VSYS s
Vavs 1VIdiv.
1V/div.
D
i B
4 4 -
2ms/div. 100ms/div.
Power Off EN On
@ Supplement Mode @ Input Current Limit
VBATT=3.7V, Isys=600mA Based PPM

VBATT=3.7V, ISYS=400mA

Vi v v v
1V/div. m| d _IN Yy -
sYs , 1V/div.
1Vidiv. e Vavs
——— VIdiv.  frmmmimineend
3 [
2
3} B
2ms/div. 400ps/div.
EN On EN Off
@ Supplement Mode @ Supplement Mode
VBaATT=3.7V, Igys=600mA VBATT=3.7V, Igys=600mA
u U 1
VIN |, ViN,, P
1Vidiv. 1V/div.
Vsys Vsys
1V/diy, et 1V/div. M
3} B
P 2
40ps/div. 40ps/div.

Power On
@ Supplement Mode
VBATT=3.7V, ISYS=600mA

v
u

VIN

1V/div.
Vgys

1Vidiv.

2ms/div.

EN Off

@ Input Current Limit
Based PPM

VBA'|-|'=3.7V, ISYS=400mA

VIN v

1V/div. A

Vsys !
1V/div. |

40ps/div.

Charge On
VBATT=3.7V, Igys=0A

VIN Y

1Vidiv.
Vsys

1V/div.

=2

400ps/div.
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TYPICAL PERFORMANCE CHARACTERISTICS (continued)
Vin=5V, Ta = 25C, IIN_LMT = 455mA, lcyg = 246mA, VIN_REG = 476V, unless otherwise noted.

Charge Off
VBATT=3.7V, Igyg=0A

Adding Load @
Discharge Mode
VBA'|-|'=3.7V

Load Transient @
Discharge Mode
VBA'|-|'=3.7V, |SYS=0-1A

Vsys v .
1V/div. =, | I

T ] Vsys
ViN I 3 1V/div. ! —ﬂ\\‘
1V/div. : ! !
Vsys ; ! : !
1V/div. |
4 Isys Isys
oy 500mA/div. - 500mA/div.Dl—_ T
40us/div. 2ms/div.
BATT Float Operation BATT Insertion BATT Removal
ISYS=0A VBA'|—|'=3.7V, ISYS=0A VBA'|-|'=3.7V, ISYS=0A
v Vin - Vin -~
IN ui 1V/div. Y 1V/div. 4
1V/div. : Vgyg [ VoYS  Irmmmasniacone
Vsys 1Vidiv. 1Vidiv.
1V/div.
i B ; B
(2] q q
20ms/div. 40ms/div. 40ms/div.
NTC On/Off NTC On/Off Vin OVP Operation
VBA'|—|'=3.7V, ISYS=0A VBA'|-|'=3.7V, ISYS=0A VBA'|—|'=3.7V, ISYS=0A
1V/:1/'IN
Vsys Vsys v
1V/div. 1V/div.
Vsys
2v/div.
VNTC Vnte
1V/div. 1V/div.
40ms/div. 2s/div.

40ms/div.
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