MP26056

28V, Li+Single-Cell Battery Charger
with USB/AC-Adapter Input

The Future of Analog IC Technology a

DESCRIPTION

The MP26056 is a linear, high performance
single cell Li-lon or Li-Polymer battery charger
with dual programmable constant current set.
By integrating high voltage input protection into
the charger IC, the MP26056 can tolerate an
input surge up to 28V.

The device features constant current (CC) and
constant voltage (CV) charging modes, reverse
current blocking and trickle charge. Other
features include the programmable battery full
threshold supporting dual AC/USB input by
automatically changing to a lower charge
current when the USB is the power supply. The
MP26056 also provides ACOK and charge
status indications to the system.

For guaranteed safe operation, the MP26056
limits the die temperature to a preset value
when the device is heated up due to limited
PCB space. Other safety features include
battery temperature monitoring and
programmable timer to prevent prolonged
charging a dead battery.

MP26056 is available in 10-pin 3mm x 3mm
QFN packages.

FEATURES

e Complete Solution for Charging Single-Cell
Lion-lon Battery

e Input Surge Up to 28V

Dual USB/AC-Adapter Input with Auto

Charge-Current Control

Wide input operating range 3.5V to 6.5V

7V Input Over-Voltage Protection

Programmable Charge Current: 200mA to 1A

80uA Idle Current with USB Input

0.75% Vgatr Accuracy over Temperature

<1uA Battery Reverse Current

Automatic die temperature limiting

Fault and Charge Status Indicators

Internal Soft-Start to limit inrush current

Tiny 3mm x 3mm QFN Package

APPLICATIONS

Cell Phones
Digital Cameras
Smart Phones
PDAs

MP3 Players

“MPS” and “The Future of Analog IC Technology” are Registered Trademarks of
Monolithic Power Systems, Inc.

TYPICAL APPLICATION
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MP26056- 28V, LI+SINGLE-CELL BATTERY CHARGER WITH USB/AC-ADAPTER INPUT

PACKAGE REFERENCE

TOP VIEW
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| SHDN

EXPOSED PAD |

ON BACKSIDE
CONNECT TO GND
Part Number* Package
QFN10
MP26056DQ (3mm x 3mm)
Temperature Top Marking
—40°C to +85°C W7YW

* For Tape & Reel, add suffix —Z (e.g. MP26056DQ-Z)
For RoHS compliant packaging, add suffix —LF

(e.g. MP26056DQ-LF-2)

ABSOLUTE MAXIMUM RATINGS @

INtO GND ....ooovviiiiiiiiiiecc e —-0.3V to +28V
ACOK & CHG Maximum Sink current...... 25mA
All Other Pinsto GND................. —0.3V to +6.5V
Junction Temperature............ccccccceeeennnnes 140°C
Lead Temperature ........cccccevvvvvvvevveeeneennee. 260°C
Storage Temperature .............. —-65°C to +150°C
Recommended Operating Conditions @
Nominal Supply Voltage V............ 3.5V to 5.5V
Operating Temperature ............. —40°C to +85°C
Thermal Resistance 6,a 0Oy

3X3 QFN10 ..o 50...... 12...°C/W
Notes:

1) Exceeding these ratings may damage the device.

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

3) Measured on JEDEC51-7 4 layer board.

ELECTRICAL CHARACTERISTICS

ViN =5V, Vey = 0V, T4 = +25°C, unless otherwise noted.

Parameter Symbol | Condition Min Typ Max Units
MOD = High, SHDN = Low, 80
I = 0A

Idle Current lsuppLY h(;llgD — oW SADN =L pA

)= ’ - Low, 500

Iche = OA

Input Over-Voltage OVP |Vj Rise 6.8 7.0 7.2 v

Protection

OVP Hysteresis 400 mV

Battery Voltage Regulation | Vgarr | T =-5°C to +75°C, lgatr =0 4.16 4.20 4.24 \Y
V|N =5V, VBATT = 3.8V

éggi?aqlsotsnt Current ICHG RISET1 = RISET2 = 32kQ, 475 525 585 mA
MOD=LOW
V|N = 5V, VBATT = 3.8V

gSgBug‘t’igffa”t Current lws | Risers = Risera = 3.2KQ, 246 | 268 | 297 | mA
MOD=HIGH
V|N = 5V, VBATT = 38V,

Constant Current Variation T,=0°C to +120°C, 87 100 113 | %lene™
|CHG =0.2A-1A
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mps MP26056- 28V, LI+SINGLE-CELL BATTERY CHARGER WITH USB/AC-ADAPTER INPUT

ELECTRICAL CHARACTERISTICS (continued)
VN =5V, Veny =0V, Ta = +25°C, unless otherwise noted.

Parameter Symbol |Condition Min Typ Max Units
Battery Full Programming Refer to Operation section for o @)
Igr h 10 50 %lcHa
Range programming lge
IBF Accuracy 75 125 | %lge®
Input ACOK Up Range Input rising 6.7 7 7.3 V
Input ACOK Up Range 400 mvV
Hysteresis
Input ACOK Low Range Input rising 1.5 2 25 \Y
Input ACOK Low Range 200 mv
Hysteresis
Protection Error Voltage Vz 8.2 V
SHDN Trip Threshold High 2.6 \%
SHDN Trip Threshold Low 04 \%
Mod Trip Threshold, High 2.6 \Y
Mod Trip Threshold, Low 04 \
CHG , ACOK Sink Current Pin Voltage =04V 8 mA
git_:_eTr)I/DiFr{]everse Current to SHDN = Low and Input = 1 A
Floating or OV H
i VBATT = 38V, RCHG = 6kQ. V
Dropout Voltage ViN-VeaTT Current drop 10% 0.25
\Fjgﬁgg;ge Threshold VRECHARGE 3.9 4.0 4.1 \%
Soft Thermal Shutdown o
Threshold 105 120 135 C
Soft Thermal Shutdown o
. 10 C
Hysteresis
Internal Soft-Start Time From trickle to 90% of full current 10 ms
Notes:
4) lcne is the target preprogrammed charge current (Die temperature below 110°C).
5) Igr is the target preprogrammed battery full current threshold
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MP26056- 28V, LI+SINGLE-CELL BATTERY CHARGER WITH USB/AC-ADAPTER INPUT

PIN FUNCTIONS

Pin # Name Description
1 IN Input Supply Pin. IN receives the AC adapter or USB supply voltage.
2 ACOK Open-Drain OVP Indicator. This pin is low when 3.5V < V|y < 6.5V.
3 —_— Open-Drain Charge Indicator. This pin is low during charging, is High after battery full or
CHG termination,
4 MOD USB input enable pin. Active High. Used to reduce charge current when USB is the
supply.
5 GND, Ground. Exposed Pad must be connected to GND plane
Exposed Pad ) '
6 SHDN Charger IC Enable. An input “Low” signal at this pin or if the pin is floating will enable
the IC. An input “High” will disable the IC.
7 IBE Charge Status Threshold Program. Connect this pin to an external resistor to program
the charge termination current or battery full indication threshold. Igr=1.7/Rbf
8 ISET1 USB Constant Charge Current Program pin. Connect this pin to an external resistor to
program the charging current in CC Mode. Icyg=1.7/Rset1 when Mod=HIGH
Additional Constant Charge Current Program pin for AC input. Connect this pin to an
9 ISET2 external resistor to program the charging current in AC Mode. Ichg =1.7/(Rset1// Rset2)
when Mod=LOW
10 BATT Charger Output.

MP26056 Rev. 0.91
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MP26056- 28V, LI+SINGLE-CELL BATTERY CHARGER WITH USB/AC-ADAPTER INPUT

TYPICAL PERFORMANCE CURVES
Cin=4.7uF, Coyt=2.2uF, V|\=5V, T4 =25°C, unless otherwise noted.

AC Adapter Input Charge Curve

USB Input Charge Curve

Constant Voltage Charge
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mps MP26056- 28V, LI+SINGLE-CELL BATTERY CHARGER WITH USB/AC-ADAPTER INPUT

TYPICAL PERFORMANCE CURVES (continued)
Cin=4.7uF, Coyt=2.2uF, V|\=5V, T4 =25°C, unless otherwise noted.

Constant Current Charge vs. Constant Voltage Charge vs. Thermal Protection
Temp Temp Vee=ViN-Vear
V|N=5V,VBAT=3.8V,RSET=3.3KQ V|N=5V,ICHG=60mA
570 4.250 1200
560 4.230 1000 _\
< 550 < 4210 < 800 \
S BTN % \
I o L I
O 540 7~ —_— > 4.190 5 600
\
530 4.170 400 .
\
520 4.150 200
-40  -10 20 50 80 110 -40  -10 20 50 80 110 10 20 30 40 50 6.0
TEMPERATURE ( °C ) TEMPERATURE ( °C ) Ve (V)
Shut Down Low Shut Down High Power Ramp Up
V|N=5Y, IggT Resistor=3.6KQ ViN=5Y, IggT Resistor=3.6KQ VN =5V, RgeT = 2.26KQ
u u ;
Vi V¢,=0.78Y Vi e Vin f
) - P o ‘ P
5V/div. v J  svidiv. \VSD=2- 4av| SV
VS.D Bl R ) VsD p— VCHG 2
2V/div. 2V/div. 5V/div.
VBAT _ VBAT _
5V/div. SVidiv. Bpsmpeigriamipaipiitaipaininiing pEeieegaesgngaegaaey
TP A7 s, V, o p
2vidiv. |
| A | q R i Hend I i canationd
0.5ATdiv. 0.5ATaiv. - 0.5ATaiv.
400us/div. 400ps/div. 4ms/div.
Power Ramp Down USB Charge Full Terminated USB Terminated to Re-Charge
VN = 5V, RggT = 2.26KQ ViN=5V, Rgp=20KQ, Igpc=0.4A V=5V, Rge=20KQ, Iope=0.4A
u :F u
ViIN s Vin Vin
SVidiv. 1 5V/div. ! 5V/div. '
Vv | - I V- V,
svidi: sviaiv. 7| 5\\/,‘,35:3 z
VAT g_“ ] s VBAT | VBAT 11
2V/div. 2VI/d'V- b 4 2widiv. !
lche CHG s I SR
0.5ATdN, O-Wd"’-DI 02770, D[
20ms/div. 20ms/div. 2ms/div.
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MP26056- 28V, LI+SINGLE-CELL BATTERY CHARGER WITH USB/AC-ADAPTER INPUT

BLOCK DIAGRAM
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Figure 1—Functional Block Diagram

OPERATION

Input Voltage Range

The MP26056 has built-in input voltage surge
protection as high as +28V. The charger IC will
be automatically disabled when the input voltage
is lower than 3.0 or higher than 7.0V. The open-

drain pin ACOK is used to indicate an input
power good condition (i.e. 3.5V<V|y<6.5V). If the
input voltage is lower than the battery voltage,
the IC is also disabled to prevent the battery from
draining.

Charge Cycle (Mode Change: CCto CV)

Figure 2 below shows the typical charging profile
for the MP26056. The MP26056 will start with the
Constant Current charge of the programmed
value (Icyg) based on Rge. This is referred to as
Constant Current (CC) mode. Once the battery
voltage reaches 4.2V, the charger will operate in
the constant voltage (CV) mode until the battery
is fully charged. The charge current drops during
CV mode, and the battery full indication is set
when the charge current reduced to the preset
value based on Rpgg, but the charger keeps
charging the battery until battery reach 4.2V
when AC adaptor is used as supply. If USB is

used as supply, please refer to the follow section
for auto recharge operation.

I BAT
A AC Adapter Input

C.V Charging

d

IBF ___________________________

USB Input

[

v VBAT

4.2V

Figure 2—MP26056 Typical Charging Profile
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MP26056- 28V, LI+SINGLE-CELL BATTERY CHARGER WITH USB/AC-ADAPTER INPUT

Charge Status Indicator (CHG)

The MP26056 has an integrated charge status
pin that remains low while the battery is charging.
Once the charge current has reduced to the
battery full charge current threshold (lgf), the
CHG pin will become high impedance.

Under full charge conditions, certain systems

may draw a very narrow current pulse that
exceeds the IBF threshold. The CHG indicator
may glitch. It is desirable to blank the CHG glitch
so that the system can properly indicate full
charge conditions to the end user.

A simple solution is to add a RC filter on the CHG
pin to filter out the possible CHG glitch, as show
in Figure 3.
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R6
cHe [ a—

1MQ

cé J_ R1 L R2
0_47HFI' 100KQZ 100KQ
N o)
B 1 O x
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R4§> 1 C4
4.32KQ T 2.2uF
MoD [} 41 mop ISET1 2 )
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o
b
R3 o R5_>
20KQ o 432KQ3

Figure 3—Filtered Charge Status with GPIO Connection
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MP26056- 28V, LI+SINGLE-CELL BATTERY CHARGER WITH USB/AC-ADAPTER INPUT

Charge termination in USB mode

The charge current will gradually decrease in CV
mode as the battery approaches full. The battery
full threshold can be programmed by connecting
a resistor from IBF pin to ground. When the
charge current reaches this threshold, the
charger current will be turned off. The battery
voltage may decay after termination due to self
discharge or system draw current from the
battery.

Automatic Recharge in USB mode

Upon Vgarr drops to 4.0V, the charger will
automatically restart the charge cycle until the
IBF condition is met again. When the input is
unplugged or the charger is disabled and/or
terminated, the leakage current from the battery
to MP26056 is less than 1uA.

Programming of Charge Current and Battery
Full Current

The charge current (lcng) is set by resistors
(Rsetx) connecting from the Iserx pin to GND. The
relationship of the charge current and the
programming resistance is established by
following equations.

o =XKL (\OD= High, for USB)
SET1
lope = _IAXT.7KQ (MOD=Low, for AC Adapter)
M Rger /IR
SET1 SET2

It is highly recommended to program the charge
current within 0.2A to 1A. The battery full charge
current threshold (lgr) is programmed by
connecting a resistor Rgr from the IBF pin to
GND:

_1AX1.7kQ

I
BF
Rer

The selection of Rgr value should meet the
condition, 0.1lcne < lIgr < 0.6 Iche. The open-drain

pin CHG is used to indicate charging status.
When the battery full condition is reached or any
other condition prevents the charger from

charging, CHG will become a floating.

Thermal Protection

The MP26056 has proprietary thermal protection
to prevent the IC from overheating. When in
thermal protection mode, the charge -current
becomes a saw-tooth waveform instead of a DC
current. The average current of the saw-tooth
waveform will be lower than the programmed DC
charge current to prevent the IC from
overheating. Operating in thermal protection
mode will slow down the charging process.
Lowering the input voltage and enhancing
thermal dissipation to the environment can
effectively prevent the IC from going into thermal
protection mode.

MP26056 Rev. 0.91
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mps MP26056- 28V, LI+SINGLE-CELL BATTERY CHARGER WITH USB/AC-ADAPTER INPUT

APPLICATION

MP26056 Flow Chart

Power-On Reset (POR) feature can be applied Modes of the MP26056 CVC and CCC stand for
To the MP26056 to ensure that the device starts “constant voltage charge” and “constant current
Operating in a known state. The flow chart in charge”, respectively.

Figure 4 describes the conditions and operation

Rche
Set up

» CHG LED “ON”

Vear>4.18V Which

Charge Mode?

Vgar<4.18V

YES
T,;<120°C?
NO

Termination
b4
NO
Figure 4-Operation Flow Chart
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mps MP26056- 28V, LI+SINGLE-CELL BATTERY CHARGER WITH USB/AC-ADAPTER INPUT

PACKAGE INFORMATION
QFN10 (3mm x 3mm)
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0.50 1-|75 SEE DETAIL A
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| 3) LEAD COPLANARITY SHALL BE 0.10 MILLIMETER MAX.
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RECOMMENDED LAND PATTERN

NOTICE: The information in this document is subject to change without notice. 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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