The Future of Analog IC Technology -

MP2671

Li-ion Battery Charger
Protection Circuit

DESCRIPTION

The MP2671 is a high-performance single cell
Li-lon/Li-Polymer battery charger protection
circuit. By integrating high voltage input
protection into the charger IC, the MP2671 can
tolerate an input surge up to +30V.

The device features input over voltage
protection (OVP), battery over voltage
protection (BOVP) and over charge current
protection (OCP). The device also provides
fault indications to the system when any of the
protection events happens.

For guaranteed safe operation, the MP2671
monitors its own internal temperature and turns
off the MOSFET bridging VIN and OUT when
the die temperature exceeds 140°C.

The MP2671 is available in 12-pin 3mm x 4mm
QFN packages.

FEATURES

Input Surge up to 30V

Input Over voltage protection in 1us.
Proprietary Battery Over-Voltage Protection
Programmable Charge Current Protection
Limit Value.

Temperature Monitoring and Protection
Fault Indication

Enable Input

3x4mm QFN package

APPLICATIONS

Cell Phones

MP3 Players
Smart Phones
PDA

Digital Cameras
Desktop Chargers

“MPS” and “The Future of Analog IC Technology” are Registered Trademarks of
Monolithic Power Systems, Inc.
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l'l'll=5 MP2671 — CHARGE SYSTEM PROTECTION CIRCUIT

PACKAGE REFERENCE ABSOLUTE MAXIMUM RATINGS
VINEOGND ..o, —0.3V to 30V
TOP VIEW IN
OUT and VB to GND ..........cccceveeee. -0.3Vto 7V
VIN NG Other Pins (ILIM, WRN ,ﬁ) .......... —-0.3V to 5.5V
Junction Temperature...........ccccceeeunnnnnne. 150°C
VIN out Lead Temperature (Solder) ...........cco.......... 260°
GND ouTt Storage Temperature .............. —-65°C to +150°C
WRN ILIM . o @)
NG B Recommended Operating Conditions
_ Supply Voltage ViN..eeeveeeveriviiiiiiinnn, 4.3V to 5.5V
N/C EN Operating Current Range.............. 0A to 1.5A
EXPOSED PAD Operating Temperature ............. —40°C to +85°C
(CONNECT TO GND) Thermal Resistance 6,a 0O,
Part Number* Package QFN12 (3mm x 4mm)............. 48 ...... 10... °C/W
QFN12 Notes:
MP2671DL (3mm x 4mm) 1) Exceeding these ratings may damage the device.
- 2) The device is not guaranteed to function outside of its
Temperature Top Marking operating conditions.
—40°C to +85°C 2671 3) Measured on JESD51-7 4 layers board.
* For Tape & Reel, add suffix -Z (g. MP2671DL-Z)
For RoHS compliant packaging, add suffix —LF
(e.g. MP2671DL-LF-2)
ELECTRICAL CHARACTERISTICS
Vin =5V, Ta = +25°C, unless otherwise noted.
Parameter ‘ Symbol ‘Condition ‘ Min ‘ Typ ‘ Max ‘ Units
Power-On Reset
Rising VIN Threshold VpoR 24 2.58 2.7 \Y
POR Hysteresis 110 mV
VIN Bias Current v When enabled 0.6 mA
When disabled 25 MA
Protection
Input Over-voltage Protection
(OVP) Vovp 5.65 5.85 6.0 V
Input OVP Hysteresis 50 mV
Input OVP Falling Threshold 5.55 V
Input OVP Propagation Delay 1 VE
Over-current Protection loce Vyg = 3V, Rium = 25kQ 0.93 1.0 1.07 A
Overcurrent Protection Blankin
T ! "9 1 BToee 170 us
Battery Over-voltage Protection
Threshold Veovp 4.28 4.34 4.4 \Y
Battery QVP Threshold 30 mv
Hysteresis
Battery OVP Falling Threshold 4.225 V
Battery OVP Blanking Time BTgovp 180 us
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l'l'll=5 MP2671 — CHARGE SYSTEM PROTECTION CIRCUIT

ELECTRICAL CHARACTERISTICS (continued)

Vin = 5V, Ta = +25°C, unless otherwise noted.

Parameter Symbol |Condition Min Typ Max | Units
VB Pin Leakage Current Vg = 4.4V 20 nA
Over Temperature Protection 140 o
Rising Threshold
Over Temperature Protection 90 o
Falling Threshold
Logic
EN Input Logic HIGH 1.5 \%
EN Input Logic LOW 04 \
EN Internal Series Resistor 100 200 400 kQ
WRN Output Logic Low Sink 5mA current 0.35 0.8 V
WRN Output Logic High Leakage 1
MA
Current
Power MOSFET
. Measured at 500mA,
On Resistance Ros(on) 4.3<V <55V 170 280 mQ
PIN FUNCTIONS
12-pin QFN Name Description
1,2 VIN Input Power Source. VIN can withstand 30V input.
GND, System Ground. Exposed pad and GND pin must be connected to the same
3 Exposed
Pad ground plane.
4 WRN Open-Drain Logic Output. This pin turns LOW when any protection event occurs.
5,6 NC No Connect. Keep it floating.
7 — Enable. Leave this pin floating or pull it below 0.4V to enable the IC. Drive this pin
EN higher than 1.5V to disable the IC.
8 VB Battery Voltage Monitoring Input. Connect this pin to the battery pack positive
terminal via an isolation resistor.
9 ILIM Over-current Protection Threshold Setting. Connect a resistor between this pin
and GND to set the OCP threshold.
10,11 ouT Output pin and input pin of the protected charger.
12 NC No Connect. Keep it floating.
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mps MP2671 — CHARGE SYSTEM PROTECTION CIRCUIT

TYPICAL PERFORMANCE CHARACTERISTICS
Vin= 5V, Ruw= 25kQ, Cin= 1uF, Ryg= 200kQ, T = +25°C, unless otherwise noted.

Input Power Up Waveform Input Steps Input Gradually Rises to
Output loaded with 10Q resistor From 5.5V to 9.5V Waveform the Input OVP
Threshold Waveform
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OUT (2V/DIV)

Input Steps Input Steps Battery Overvoltage Protection
From 6.5V to 5.5V Waveform From 0V to 9V Waveform The IC is latched off after 16 counts of protection,
VB voltage varies between 4.3V to 4.5V
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MP2671 —- CHARGE SYSTEM PROTECTION CIRCUIT

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
Vin= 5V, Ruw= 25kQ, Cin= 1uF, Ryg= 200kQ, T = +25°C, unless otherwise noted.

Input Bias Current

vs. Input Voltage
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vs. Temperature
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l'l'll=5 MP2671 — CHARGE SYSTEM PROTECTION CIRCUIT

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
Vin= 5V, Ruw= 25kQ, Cin= 1uF, Ryg= 200kQ, T = +25°C, unless otherwise noted.
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Pull-down Resistance vs. Temperature
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MP2671 —- CHARGE SYSTEM PROTECTION CIRCUIT

BLOCK DIAGRAM
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Figure 1—Functional Block Diagram
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MP2671 —- CHARGE SYSTEM PROTECTION CIRCUIT

OPERATION

The MP2671 is designed to provide a
redundant safety protection to a Li-lon battery
from failures of the charging system. The IC
continuously monitors the input voltage, the
battery voltage, and the charge current. When
any of the above three parameters exceeds its
limit, the IC turns off an internal N-channel
MOSFET to remove the power from the
charging system. The threshold of charge
current  protection is user-programmable.
Additionally, the IC also monitors its own die
temperature and turns off the N-channel
MOSFET if the temperature exceeds 140°C.
Together with the battery charging IC and the
protection module in a battery pack, the
charging system has triple-level protection from
over-charging the Li-lon battery and is two—fault
tolerant. The MP2671 protects up to 30V input
voltage.

Power Up

The MP2671 has a power-on reset (POR)
threshold of 2.6V with a built-in hysteresis of
110mV. When the input voltage is below the
POR threshold, the internal power FET is off.
The IC resets itself and waits for approximately
10ms after the input voltage exceeds the POR
threshold, then, if the input voltage and battery
voltage are safe, the IC begins to soft-start the
internal power FET. The 10ms delay allows any
transient at the input during a hot insertion of
the power supply to settle down before the IC
stars to operate. The soft-start slowly turns on
the power FET to reduce the inrush current as
well as the input voltage drop during the
transition.

Input Over-voltage Protection (OVP)

The input voltage is continuously monitored by
the comparator CP1 in the Block Diagram
(Figure 1). The OVP threshold is set by a
resistive divider consisting of R1 and R2 and an
accurate reference generated by the IC itself.
The protection threshold is set to 5.8V. When
the input voltage exceeds the threshold, the
CP1 outputs a logic signal to turn off the power
FET within 1us to prevent the high input voltage
from damaging the electronics in the handheld
system. The hysteresis for the input OVP
threshold is given in the Electrical Specification.

When the input over-voltage condition is
removed, the power FET is turned on again by
running through the soft-start. Because of the
10ms second delay before the soft-start, the
output is never enabled if the input rises above
the OVP threshold quickly.

Over-current Protection (OCP)

The current in the power FET is limited to
prevent charging the battery with an excessive
current. The current is sensed using the voltage
drop across the power FET after the FET is
turned on. The reference of the OCP is
generated using a sensing FET Q2, as shown
in Figure 1. The current in the sensing FET is
forced to a value which can be programmed by
an external resistor connected to the ILIM pin.
The size of the power FET Q1 is 31,250 times
the size of the sensing FET Q2. Therefore,
when the current in the power FET is 31,250
times the current in the sensing FET, the drain
voltage of the power FET falls below that of the
sensing FET. The comparator CP2 then outputs
a signal to turn off the power FET. The OCP
threshold can be programmed using the
following formula:

|08V gppny 25000
R

ILIM ILIM

The OCP comparator CP2 has a built-in 170us
delay to prevent false triggering by transient
signals. When OCP happened, Vo shuts down
for about 40ms and take 10ms delay to soft
start as the OCP condition is removed. The
OCP function also has a 4-bit binary counter
that accumulates during an OCP event. When
the total count reaches 16, the power PFET is
turned off permanently unless the input power
is recycled or the enable pin is toggled.

MP2671 Rev. 0.9
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MP2671 —- CHARGE SYSTEM PROTECTION CIRCUIT

Battery Over-voltage Protection (BOVP)

The battery voltage OVP threshold is internally
set to 4.34V. The threshold has 30mV built-in
hysteresis. The comparator CP3, as shown in
Figure 1, monitors the VB pin and issues an
over-voltage signal to turn off the internal power
FET when the battery voltage exceeds the
battery OVP threshold. The comparator CP3
has a built-in 180ps blanking time to prevent
any transient voltage from triggering the OVP. If
the OVP situation still exists after the blanking
time, the power FET is turned off. There is an
internal 4-bit binary counter monitoring the
occurrences of the battery over-voltage event. If
the battery over-voltage occurs 16 times, the
power FET is turned off permanently. Recycling

the input power or toggling the enable (EN)
input will reset the counter and restart the
MP2671.

The resistor between the VB pin and the
battery, Ryg, as shown in the Typical
Applications circuit, is an important component.
This resistor provides a current limit in case the
VB pin is shorted to the input voltage under a
failure mode. The VB pin leakage current under
normal operation is negligible to allow a
resistance of 200kQ to 1MQ be used.

Thermal Protection

The MP2671 monitors its own die temperature
to prevent thermal failures. When the internal
temperature reaches 140°C, the internal N-
channel power MOSFET is turned off. The IC
does not resume operation until the internal
temperature drops below 90°C.

External Enable Function

The MP2671 offers an enable (EN) input which
can be used to enable or disable the IC. When
the EN pin is pulled to logic HIGH, the
protection IC is shut down. The internal control
circuit as well as the power FET is turned off.
Both 4-bit binary counters for the battery OVP
and the OCP are reset to zero when the IC is
re-enabled. The EN pin has an internal 200kQ

pull-down resistor. Leaving the EN pin floating
or driving it to below 0.4V enables the IC.

Warning Indication Output

The WRN pin is an open-drain output that
indicates a LOW signal when any of the three
protection events happens. To pull the WRN
pin voltage low when fault, a 1k Q resistor
should used as the pull up resistor.

MP2671 Rev. 0.9
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MP2671 —- CHARGE SYSTEM PROTECTION CIRCUIT

APPLICATION INFORMATION

For safe and effective charging, some strict
requirements have to be satisfied during
charging Li-lon batteries such as high precise
power source for charging (4.2V+50mV), the
accuracy should be higher than 1%. For highly
used capacity, the voltage of the battery should
be charged to the value (4.2V) as possible as
could. Otherwise, the performance and the life
of the battery suffers overcharge. Additionally,
the pre-charge for depleted batteries, charging
voltage, charging current, as well as the
temperature detection and protection, are
required for linear battery chargers. The output
of any MP2602 family chargers has a typical |-V
curve and provides overcharge, input over
voltage, over temperature protection. The
function of the MP2671 is to add a redundant
protection layer such that, under any fault
condition, the charging system output does not
exceed the |-V limits that the battery required.
Additionally, MP2671 provides full protection for
these chargers whose protection function is not
so complete especially those without input
surge voltage sustain. MP2671 guarantees the
safety of the charge system with its perfect 4
protection functions: OVP, BOVP, OCP and
OTP

The MP2671 is a simple device that requires
few external components, in addition to the
MP2602 charger circuit as shown in the Typical
Application Circuit. The selection of MP2671’s
external components is shown as follow, and
the selection of the current limit resistor Ry m
has been introduced in the Over-current
Protection section.

Cin and Coyr Selection

The input capacitor (Cy) is for decoupling.
Higher value of C\\ reduces the voltage drop or
the over shoot during transients. The AC
adapter is inserted live (hot insertion) and
sudden step down of the current in the power
FET will cause the input voltage overshoot.

During an input OVP, the FET is turned off in
less than 1us and can lead to significant over
shoot. Higher capacitance of Cy reduces this
type of over shoot. However, the over shoot
caused by a hot insertion is not very dependent
on the decoupling capacitance value. Usually,

the input decoupling capacitor is recommended
to use a dielectric ceramic capacitor with a
value between 1uF to 4.7uF.

The output of the MP2671 and the input of the
charging circuit typically share one decoupling
capacitor. The selection of that capacitor is
mainly determined by the requirement of the
charging circuit. When using the MP2602 family
chargers, a 1uF to 4.7uF ceramic capacitor is
recommended.

Ryg Selection

Ryg limits the current from the VB pin to the
battery terminal in case the MP2671 fails. The
recommended value is between 200kQ to 1MQ.
With 200kQ resistance, during the failure
operation, assuming the VB pin voltage is 30V
and the battery voltage is 4.2V. The worst case
the current flowing from the VB pin to the
charger output is,

(30V - 4.2V)/200kQ = 130pA,

Such small current can be easily absorbed by
the bias current of other components.
Increasing the Ryg value reduces the worst
case current, but at the same time increases
the error for the 4.4V battery OVP threshold.

As the typical VB pin leakage current is 20nA,
the error of the battery OVP threshold can be
calculated as 4.4V+20nAxRys. With the 200kQ
resistor, the worst-case additional error is 4mV
and with a 1MQ resistor, the worst-case
additional error is 20mV.

MP2671 Rev. 0.9
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PACKAGE INFORMATION

QFN12 (3mmx4mm)
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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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CraHpapT
INeKTpPOoH
ﬂ CBAA3b

Mbl MOf04aA M aKTUBHO Pa3BMBAIOLLAACA KOMMAHWA B 061acTM  MOCTaBOK
3NEKTPOHHbIX KOMMOHEHTOB. Mbl NOCTAaBASEM  3/IEKTPOHHbIE  KOMMOHEHTbI
OTEYEeCTBEHHOIrO U MMMOPTHOIO NMPOWU3BOACTBA HAMPAMYIO OT NPOU3BOAMUTENEN U C
KpYMHEMLWKNX CKNaZ0B MUpa.

Enaro,a,apﬂ coTpygHn4ecTtesy C MMpPOBbIMU NOCTaBWMKaMWN Mbl OCYLLECTBIAEM
KOMMNNEKCHbIE N NN1aHOBblE MNMOCTABKU LumpoqaﬁLuero CNEeKTpa 3/1EKTPOHHbIX
KOMMOHEHTOB.

CobcTtBeHHan 3¢p@eKTUBHAA NOrMCTUKA M CKNag B obecneunBaeT HageKHYHo
MOCTaBKy MNPOAYKLMM B TOYHO YKa3aHHble CPOKM Mo Bcel Poccum.

Mbl ocyuiecTBisem TEXHUYECKYI0 MNOALEPKKY HAWWM  K/IMEHTaMm U
npeanpoaaxkHyto NPOBEPKY KayecTsa NpoayKumu. Ha Bce noctaBnsiemble NpoAyKTbl
Mbl MPEAOCTaBASEM TFAPaAHTUIO .

OcyuwiectBndem nNOCTaBKM NpoOAYKUMM nog, KoHTponem Bl MO PO Ha
npeanpuATUA BOEHHO-NPOMbIWIEHHOTO KoMnaekca Poccuun , a TakKe paboTtaem B
pamkax 275 ®3 c OTKpbITUEM OTAE/bHbIX CHETOB B YNONHOMOYEHHOM BaHKe. Cuctema
MeHeXMeHTa KayecTBa KomnaHum cooTBeTcTByeT TpeboBaHuam FOCT ISO 9001.

MWHUMaNbHbIE  CPOKM  MNOCTAaBKW, TMOKME  UeHbl, HeorpaHWYeHHbIN
aCCOPTUMEHT UM WHAMBMAYANbHbLIN MNOAXOA K KAMEHTaM ABAAIOTCA OCHOBOW ANA
BbICTPAMBaHMA A0FOCPOYHOIO M 3GPEKTUBHOIO COTPYAHMYECTBA C NPEeANPUATUAMM
PaANO3NEKTPOHHOMW NPOMBIWAEHHOCTU, NPEeanPUATUAMM BMNK u HayuHo-
nccnenoBaTeNbCKUMKU MHCTUTYTaMm Poccun.

C Hamu Bbl CTAaHOBMUTECH elle ycnewHee!
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