©OBPseEmi BP13504

Standalone Linear Li-lon Charger with
Thermal Regulation

General Description Features

The BP13504 is a comp lete linear charger for single B Programmable charge current up to 1.2A
cell lithium-ion bat teries.  With small TDFN- 10 B No MOSFET, sense resistor or blocking diode
package and few external components, BP13504 is required

well suited for portable applications. In addition, the B Complete linear charger in TDFN-10 for single
BP13504 is specific ally designed to work within USB cell li-ion batteries

power specifications. B Thermal regulation maximizes charge rate

without risk of overheating
No ext ernal s ense resist or and bl ocking diode are B Thermistor input for temperature qualified

required. Charging cu rrentcanbe programmed charging

externally with a sin gle resistor. The b uilt-in th ermal B Charges single cell Li-ion batteries directly

regulation facilitates charging with maximum power from USB port.

without risk of overheating. B Preset 4.2V charge voltage with 1%
accuracy
The BP13504 always preconditions the battery with .
B Automatic recharge
1/10 of t he program med charge cu rrent at  the Lo
B Charge status indicator
beginning of a charge cycle, after it verifies that the o
B C/10 charge termination
battery can be fast -charged. The BP13504
. ) B Battery reverse leakage current less than TuA
automatically te rminates the ¢ harge ¢ ycle w hen
the charge current drops to 1/10th the programmed
value after the final float voltage is reached. Applicaiions

B Wireless handsets

The BP13504 feat  ures 13. 5V maximumrat  ing B  Hand-held instruments

voltage for AC adapter, and it provides the charge B Porfable information appliances
currentup to 1.2A. Ot her feat ures include battery
temperature monitoring, reverse current protection,
shutdown mode, charging current monit or, under
voltage lockout, aut omatic recha rge a nd st atus

indicator.
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Typical Application Circuit
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Connection Diagrams Order information
‘o
ACNT 1 L 10| BAT BP13504-42FF10NRR
oo P 42 Output voltage
NI Lo T FF10 TDFN-10 Package
t:: | i T NRR RoHS & Halogen free package
cHe.ss 3| | s [ ee Rating: -40 to 85°C
- | i —- Package in Tape & Reel
PGOODS | 4 | i | 7 | NC
= =
GND | 5 | ! | I 6 |ISETA

Top View

Order, Marking & Packing Information

Package Product ID. Packing
Tape & Reel
TDFN-10 BP13504-42 FFTONRR
5Kpcs
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Pin Functions

Name TDFN-10 Function

Positive Input Supply Voltage. Provides power to the charger. ACIN can range from 4.5V
to 13.5V and should be bypassed with at least a 1uF capacitor. When ACIN drops to within
ACIN 1
30mV above the BATT pin voltage, the BP13504 enters shutdown mode, dropping lear to

less than TuA.

NC 2 Not connected.

Open-Drain Charge Status Output. An internal N-channel MOSFET connects CHG_SB pin
to ground when the battery is charging. After the charge cycle is completed, the internal
CHG_SB 3 N-channel MOSFET is replaced by a weak pull-down of approximately 25uA, indicating an
"AC present” condifion. When the BP13504 detects an under voltage lockout condition,

CHG_SB is forced high impedance.

Open-Drain Battery Power Good Output. An internal N-channel MOSFET connects
PGOODB 4 PGOODB pin to ground when ACIN is under 4.2V. PGOODB is forced low during normal

operation.

GND 5 Ground.

Charge Current Program, Charge Current Monitor and Shutdown Pin. The charge current
is prog rammed by connecting a 1%resi stor,R ser, t 0 g round. When charging in
constant-current mode, this pin servos to 1.5V. In all modes, the voltage on this pin can be
used to measure the charge current using the following formula:
lsarr= (Vser/ Rser) * 500

ISETA [ The ISETA pin can al so be used to shutdown the charger. Disconnecting the program
resistor from ground allows a 1 pA current fo pull the ISETA pin high. When it reach es the
2.15V shu tdown threshol d voltage, the char ger enters shu tdown mode. This pinis also
clamped to ap proximately 2.5V. Reconnecting Rser fo ground will return the charger to
normal operation.

The ISETA pin must not be directly shorted to ground at any condition.

NC 7 Not connected.

ENB 8 Charge Enable Input (active low). This pin is weakly pulled low internally.

TS pinis t he input for an ex ternal NTC thermistor. When the TS pin voltage is out of the
TS 9 window, determined by the Vmun and Vimax, the BP13504 stops charging and indicates a

fault condition.

Charge Current Output and battery voltage feedback. This pin pro vides charge current
BATT 10 to the battery and regul ates the final float voltage to 4.2V. An intfernal precision resis tor

divider from this pin sets the float voltage which is disconnected in shutdown mode.
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Functional Block Diagram
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State Diagram
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FIG.2. BP13504 flow chart
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Absolute Maximum Ratings (Notes 1. 2)

Vacin, Veat, Vchass, Vrroobs - 0.3Vto 13.5v Storage Temperature Range -65°C  to 150°C
Visera, V1s, Ven -0.3V fo 3.6V Junction Temperature (T)) 1 50°C
Power Dissipation (Note 5) Lead Temperature (Soldering, 10 sec.) 2 60°C
Operating Ratings (Note 1, 2)
Supply Voltage 4.5V to 13.5v Thermal Resistance (0.4 , Note 3)) 110°C/ W
Operating Temperature Range -40°C to 85°C Thermal Resistance (0,c , Note 4)) 8 .5°C/W
Electrical Characteristics
Ta=25°C, Vacn = 5.0V; unless otherwise specified.
Symbol Parameter Conditions Min Typ Max Units
Input Operating Voltage
Vacin P P o o 4.5 5 13.5 v
Range
VIN Over-volt Lockout
Vov ver-voliage Lockou From Vacin Low to High 7 v
Threshold
Charge Mode, Rser= 30K (Note 6) 300 UA
Standby Mode (Charge
200 VA
Terminated)
lcc Input Supply Current
Shutdown Mode (Reroc Not
Connected, Vacin <V gam,V acin < 150 VA
Vuyv or Vacin >V ov)
Regulated Output (Float
Vioar 9 Put( ) 0°C = Ta = 85°C 4.158 4.2 4.242 v
Voltage
Rser= 1.5K, Current Mode 500 mA
Rser= 0.75K, Current Mode 1000 mA
lsarr BATT Pin Current Standby Mode, Veanr= 4.2V -1 0 1 uA
Shutdown Mode -1 0 1 UA
Sleep Mode, Vacin=0 V -1 0 1 VA
Veam < Virickie, Rser= 1.5K 50 mA
Irickie Trickle Charge Current
Vearr < Virickie, Rser= 0.75K 100 mA
Trickle Charge Threshold
Virickie . Rser= 1.5K, Vear Rising 2.9 \'
Voltage
Trickle Charge Hysteresis
Vrrhys gery Rser= 1.5K 100 mV
Voltage
v Manual Shutdown Threshold ISETA Pin Rising 215 v
MSD
Voltage ISETA Pin Falling 2.05 v
v VIN-VBATT Lockout Threshold  |Vacw from Low fo High 60 mV
ASD
Voltage Vacin from High to Low 30 mv
| C/10 Termination Current Rser=1.5K 0.1 mA/mA
TERM
Threshold Rser= 0.75K 0.1 mA/mA
Vser ISETA Pin Voltage Rser= 1.5K, Current Mode 1.5 \'
Ichese  |CHG_SB Pin Weak Pull-Down Vehe_ss = 5.0V 25 VA
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Current
Vchese  |CHG_SB Pin Output Low Voltage |lche s = SmA 0.35 v
Vroocoe |PGOODB Pin Output Low Voltage|lrcoops = SmA 0.35 \"
_— 51:;::r:e Battery Threshold Vetonr -V gecie 150 iy
Junction Temperature in
Tim Constant Temperature Mode 120 C
(Thermal Regulation)
Ron Power FET “ON" Resistance learr = 500mA 375 mQ
Teechance Recharge Comparator Filter Vear High fo Low ) s
Time
T Termination Comparator Filter lsarr Falling Below lcue/10 . ms
Time
Iser ISETA Pin Pull-up Current 1 UA
Vis.con  |TS Pin Cold Threshold Voltage Vis Rising 25 v
Vcow-wvs  |TS Pin Cold Hysteresis Voltage 100 mV
Viswor  |TS Pin Hot Threshold Voltage Vis Falling 0.5 v
Vioruys  |TS Pin Hot Hysteresis Voltage 100 mV

Note 1: Absolute Maximum ratings indicate limits beyond which damage may occur. Electrical specifications do not
apply when operating the device outside of its rated operating conditions.

Note 2: All voltages are with respect to the potential af the ground pin.

Note 3: 0,ais measured in the natural convection at TA=25C on a high effective thermal conductivity test board (2
layers, 2S0P).

Note 4: 6 ,c represents the resistance to the heat flows the chip to package top case.

Note 5: Maximum Power dissipation for the device is calculated using the following equations:

T -T
__ILM(Thermal Regulation) A

D 0
JA

Where T wm is the thermal  regulation temp erature, T aisth e ambien t tempera ture, and 0 is the
junction-to-ambient thermal resistance. E.g. for the TDFN-10 package 6 ja= 110°C/W, Tim = 120°C and using
Ta = 25°C, the maximum power dissipation is found o be 0.86W. The de-rating factor (-1/6 ;) =-9.09mW/°C,
thus be low 25°C the po wer dissipation fig ure ca n be incre ased by 9. 09mW p er degree, and simil arity
decreased by this factor for temperatures above 25°C.

Note 6: Supply current includes PROG pin current but does notf include any current delivered fo the battery through
the BATT pin.
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Typical Performance Characteristics
Unless otherwise specified, Vacin = 5.0V, Ta = 25°C

Vser vs. Temperature (Vear > 2.9V) Vser vs. Temperature (Vear < 2.9V)
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Operation

The BP13504 is a single cell lithium-ion battery charger using a constant-current/constant-voltage algorithm. It
can deliver up to 1.2A of charge current (using a good thermal PCB layout) with a final float voltage accuracy
of £1%. The BP13504 inclu des anint ernal P-c hannel power MOSFET and t hermal regu lation circuitry. N o
blocking diode or external current sense resistor is required; thus, the basic charger circuit requires only two
external components. Furthermore, the BP13504 is capable of operating from a USB power source.

Normal Charge Cycle

A charge cycle begins whe n the voltage at the ACIN pin rises above t he UVLO threshold level and a 1%
program resistor is co nnected from t he ISETA pin to ground or whe n a batt ery is connect ed to the charger
output. If the BATT pin is less than 2.9V, the charger enters trickle charge mode. In this mode, the BP13504

supplies approximately 1/10 the programmed charge current to bring the battery voltage up to a safelevel for
full current charging. When the BATT pin voltage rises above 2.9V, the charger enters constant-current mode,
where the programmed charge cu rrent is supplied t o the battery. When the BATT pin approaches the final
float voltage (4.2V), the BP13504 enters constant- voltage mode and the charge current begins to decrease.
When the charge current drops to 1/10 of the programmed value, the charge cycle ends.

Programming Charge Current

The charge current is programmed using a singl e resistor from the ISETA pin to ground. The batt ery charge
current is 500 times the current out of the ISETA pin. VSET is 1.5V when charging in constant-current mode. The
program resistor and the charge current are calculated using the following equations:

— SOOV SET

SET —

_ 500V g

CHG —
R SET

R I

ICIIG

The charge current out of the BATT pin can be det ermined at any t ime by monit oring the ISETA pin voltage
using the following equation:

V.
o = 5% 500

SET

Charge Termination

A charge cycle is terminated when the charge curre nt falls to 1/10th the programmed v alue after the final
float voltage is reached. This condition is detected by using aninternal, filtered comparator to monitor the
ISETA pin. When the ISETA pin voltage falls be low 150mV for longer than Trrm ( fypically 1ms), charging is
terminated. The charge current is latched off and the BP13504 enters standby mode, where the input supply
current drops to 150uA. (Note: C/10 termination is disabled in frickle charging and thermal limiting modes). The
BP13504 draws no current from the battery in standby mode. This fe ature reduces the charge and discharge
cycles on the battery, further prolonging the battery life.

Any external source (Vser) that holds the ISETA pin above 150mV will prevent the BP13504 from terminating a
charge cycle. However, if the ISETA pin is controlled by external source, current sourcing from the BATT pin can
be infinity (unftil the internal power MOSFET is burned out or the BATT pin voltage is close to its final float voltage),
and the formula for charge current is not valid anymore.

When charging, fransient loads on the BATT pin can cause the ISETA pin fo fall below 150mV for short periods of
time before the DC charge current has dropped to 1/10th the programmed value. The 1m:s filter time (Trerm) ON
the termination comparator ensures that fransient loads of this nature do noft result in premature charge cycle
termination. Once t he av erage charge current drop s below 1/10th the programm ed v alue, the BP13504
terminates the charge cycle and ceases to provide any current through the BATT pin. This is the standby mode,
and all loads on the BATT pin must be supp lied by t he battery. In the standby mode, any signal below the
manual shutdown threshold voltage (typically 2.15V) on the ISETA pin is transparent to BP13504.

10
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The BP13504 constantly monitors the BATT pin voltage in standby mode. If this voltage drops below the 4.05V
recharge threshold (Vrechrg), another charge cycle begins and current is once again supplied to the battery.
To manually restart a charge cycle when in standby mode, the input voltage must be removed and reapplied,
or the charger must be shut down and restarted using the ISETA pin.

Charge Status Indicator (CHG_SB)

The charge st atus output has t hree different states: strong pull-down (~10mA), weak pu ll-down (~25uA) and
high impedance. The strong pull-down state indicates that the BP13504 is in a charge cyde. Once the charge
cycle has t erminated, the pin state is det ermined by under- voltage lockout conditions. A weak pu ll-down
indicates t hat ACIN meets the UVLO co nditions and t he BP13504 isready t o charge. Highim pedance
indicates that the BP13504 is in under-voltage lockout mode: either VIN is less than 60mV above the BATT pin
voltage or insufficient voltage is applied to the ACIN pin. A microprocessor can be used to distinguish between
these three states. This method is discussed in the Applications Information section.

Thermal Limiting

An internal thermal feedback loop reduces the programmed charge current if the die temperature attempts
torise abov e a preset v alue of approx imately 120°C. This feature protects the BP13504 from excessive
temperature and allows the user to push the limits of the power handling capability of a given circuit board
without risk of damaging the BP13504. The charge curr ent can be set according to typical (not worst-case)
ambient temperature with the assurance that the charger will automatically reduce the current in worst-case
conditions. TDFN-10 power considerations are discussed further in the Applications Information section.

Under-voltage Lockout (UVLO)

An internal under-voltage lockout circuit monitors the input voltage and keeps the charger in shutdown mode
until ACIN rises above the under-voltage lockout threshold. The UVLO circuit has a built-in hysteresis of 150mV.
Furthermore, to prot ect against reverse current in t he power MOSFET, the U VLO circuit keeps t he charger in
shutdown mode if ACIN falls to within 30mV of t he battery voltage. If the UVLO comparat or is tripped, the
charger will not come out of shutdown mode until ACIN rises 60mV above the battery voltage.

Manual Shutdown

At any point in the charge cycle, the BP13504 can be put into shutdown mode by removing Rser thus floating
the ISETA pin. This reduces the battery drain current to about to OuA and the supply current to less than 150UA.
A new charge cycle can be initiated by reconnecting the program resistor.

In manual shutdown, the CHG_SB pinis in a weak pull- down state as long as ACIN is high enough to exceed
the UVLO conditions. The CHG_SB pinis in a high impedance state if the BP13504 is in under-voltage lockout
mode: either ACIN is within 60mV of the BATT pin voltage or insufficient voltage is applied to the ACIN pin.

Automatic Recharge

Once the charge cycle is terminated, the BP13504 continuously monitors the voltage on the BATT pin using a
comparator with a 2ms filter time (Trecharce). A charge cycle restarts when the battery voltage falls below 4.05V
(which corresponds to approximately 80% to 90% battery capacity). This ensures that the battery is kept at or
near a fully charged condition and eliminates the need for periodic charge cycle initiations. CHG_SB output
enters a strong pull-down state during recharge cycles.
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Application Information
Stability Considerations

The constant-voltage mode feedback loop is st able without an out put capacit or provided a bat tery is
connected to the charger output. With no battery present, an output capacitor is recommended to reduce
ripple voltage. When using high value, low ESR ceramic capacitors, it is recommended to add a 1Q resistor in
series with the capacitor. No series resistor is needed if tantalum capacitors are used.

In constant-current mode, the ISETA pinis in the feedback loop, not the battery. The const ant-current mode
stability is affected by the impedance at the ISETA pin. With no additional capacitance on the ISETA pin, the
charger is stable with program resistor values as high as 100k. However, additional capacitance on this node
reduces the maximum allo wed program resistor. The pol e frequency at the ISETA pin should be kept above
100kHz. Therefore, if the ISETA pin is loaded with a capacitance, Cser, the following equation can be used to
calculate the maximum resistance value for Rser:

1
Ry S———
T 2mx10° xCy

Average, rather than instantaneous, charge current may be of interest to the user. For example, if a switching
power sup ply operating in low current mode is co nnected in paralle | with the battery, the average current
being pulled out of the BATT pin is typically of more interest than the instantaneous current pulses. In such a
case, a simple RC filter can be used onthe ISETA pin to measure the average battery current as shown in Figue
3. A 10kQ resistor has been added between the ISETA pin and the filter capacitor to ensure stability.

10k CHARGE
CURRENT
ISETA MONITOR
BP13504 CIRCUITRY

RSET

CrILTER
GND _|_

FIG.3. Isolating capacitive load on ISETA pin and filtering

Power Dissipation

The conditions t hat cause the BP13504 t o reduce charge cu rrent t hrough t hermal feedback can be
approximated by considering the power dissipated in the IC. Nearly all of this power dissipation is generated by
the internal MOSFET, this is calculated to be approximately:

Po = (ACIN = Vgar) * lsamr

Where Pp is the power dissipated, ACIN is the input supply voltage, Vear is the battery voltage and lsamris the
charge current. The approximate ambient tfemperature at which the thermal feedback begins to protect the
IC is:

Ta=120C - Poe Oua
Ta=120C — (ACIN = Vear) © lsam ® 64

Example:

An BP13504 operating from a 5V USB supply is programmed to supply 500mA full-scale current to a discharged
Li-lon battery with a voltage of 3.7V. Assuming 6 ais 110 ‘C/W, the a mbient fe mperature atw hich th e
BP13504 will begin to reduce the charge current is approximately:

Ta=120C - (5V = 3.7V) * (500mA) «110°C/W
Ta=120°C - 0.65W *100°C /W = 120°C — 71.5C

12
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The BP13504 can be used above 55 C ambient, but the charge current will be reduced from 500m A. The
approximate current at a given ambient temperature can be approximated by:

_120°C-T,
AT (ACIN = Vi) X 6,
Using the previous example with an am bient temperature of 70°C, the charge cu rmrent will be reduced to
approximately:

120°C-70°C  50°C
(5-3.7)e110°C/W 143°C/A

BATT =
Igarr =349mA

Moreover, when thermal feedback reduces the charge current, the voltage at the ISETA pin is al so reduced
proportionally as discussed in the Operation section. It is important to remember that BP13504 applications do
not need to be designed for worst -case thermal conditions since t he IC will aut omatically reduce powe r
dissipation when the junction temperature reaches approximately 120C.

Thermal Considerations

Because of the small size of the TDFN-10 package, it is very important to use a good thermal PC board layout fo
maximize the available charge current. The thermal path for the heat generated by the IC is from the die to
the copper lead frame, through the package leads, (especially the ground lead) to the PC board copper. The
PC board copper is the heat sink. The footprint copper pads (thermal land) should be as wide as possible and
expand out to larger copper areas to spread and dissipate the heat to the surrounding ambient. Feed-through
vias to inner or backs ide copper layers are al so useful in impro ving the overall thermal performance of t he
charger. Of her heat source sont he board, not rel ated t o the charger, must al so be cons idered when
designing a P C board layout because t hey will affe ct ov erall temperature rise a nd the maximum charge
current.

Increasing Thermal Regulation Current

Reducing the voltage drop across the internal MOSFET can significantly decrease the power dissipation in the
IC. This has the effect of increasing the current delivered to the battery during thermal regulation. One method
is by dissipating some of the power through an external component, such as a resistor or diode.

Example: An BP13504 ope rating from a 5V wall adapteris p rogrammed to supply 1A full-scale current to a
discharged Li-lon battery with a voltage of 3.7V. Assuming 6 ais 1000C/W, the approximate charge current at
an ambient temperature of 25C is:

120°C-25°C

oA = =730mA
(5V-3.7V)e100°C/W

By dropping voltage across a resistor in series with a 5V wall adapter (shown in Figure 4), the on-chip power
dissipation can be decreased, thus increasing the thermally regulated charge current

13
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Vg
R
ACIN
BATT
—T= BP13504
ISETA 1 Li-lon
GND T CELL
‘ RSET

FIG.4. A circuit to maximize charge current

~120°C-25°C
i (Vs - lBATTRCC - VBATT) ® eJA

Solving for learr using the quadratic formula.

4R (120°C-T,)

o, |

1
S {1V VNN N (VAR VAN
BATT QRCC [( S BATT) \/( N BATT)

(Note: Large values of R cc will result in no solution for lsarr. This indicates that the BP13504 will not generate
enough heat to require thermal regulation.)

Using Rcc = 0.25Q), Vs = 5V, Vearr = 3.7V, Ta=25C and 6 ,a = 100C/W we can calculate the thermally regulated
charge current to be:

lgatr = 879.5mA

While this application delivers more energy to the battery and reduces charge time in thermal mode, it may
actually lengthen ch arge time in voltage mode i f ACIN becomes low en ough to put the BP13504E in o
dropout.

This technique works best when R cc values are minimized to keep co mponent size small and avoid dropout.
Remember to choose a resistor with adequate power handling capability.

ACIN Bypass Capacitor

Many types of capacitors can be used for input bypassing, however, caution must be exercised when using
multilayer c eramic capacitors. B ecause of th e sel f-resonant an d high Q ch aracteristics of some typ es of
ceramic ca pacitors, high voltage transients can be  generated under some st art-up condit ions, such as
connecting the charger input to a live power source. Adding a 1.5Q resist or in series w ith an X5R ceram ic
capacitor will minimize start-up voltage transients.

Charge Current Soft-Start

The BP13504 includes a soft-start circuit to minimize the inrush current at the start of a charge cycle. When a
charge cycleisinit iated, the c harge cu rrentram ps from zerot ot he fu ll-scale cu rrent o ver a period of
approximately 100us. This has the effect of minimizing the fransient current load on the power sup ply during
start-up.

14



CHG_SB Status Output Pin

The CHG_SB pin can provide an indication that the input voltage is greater than the under-voltage lockout
threshold level. A weak pull-down current of approximately 25UA indicates that sufficient voltage is applied to
ACIN to begin charging. When a discharged battery is connected to the charger, the constant current portion
of the charge cycle begins and the CHG_SB pin pulls fo ground. The CHG_SB pin can sink up fo 10mA to drive
an LED that indicates that a charge cycle is in progress.

When the battery is nearing full charge, the charger enters the constant-voltage portion of the charge cycle
and the charge curre nt begins t o drop. When the charge cur rent drops be low 1/10 of t he programmed
current, the charge cycle ends and the strong pull-down is replaced by the 25uA pull-down, indicating that
the charge cycl e has end ed. If t he input v oltage is remov ed or drops be low t he under- voltage lockout
threshold, the CHG_SB pin becomes high impedance. Figure 5 shows that by using two different value pull-up
resistors, a microprocessor can detect all three states from this pin.

T Vpp

t

ACIN
800k
BP13504 oK uPROCESSOR
CHG_S ouT

IN

FIG.5. Using a microprocessor to determine CHG_SB state

To detect when t he BP13504 is in charge mode, force the digital output pin (OUT) high and measure t he
voltage at the CHG_SB pin. The internal N-channel MOSFET wiill pull the pin voltage low even with the 2k pull-up
resistor. Once the charge cycle terminates, the N-channel MOSFET is turned off and a 25u A current source is
connected to the CHG_SB pin. The IN pin will then be pulled high by the 2k pull-up resistor. To determine if there
is a weak pull-down current, the OUT pin should be forced to a highimpedance state. The weak current source
will pull the IN pin low through the 800k resist or; if CH G_SB is high impedance, the IN pin will be pu lled high,
indicating that the part is in a UVLO state.

Reverse Polarity Input Voltage Protection
In some ap plications, protection from re verse polarity voltage on V IN is desired. If the supply voltage is high

enough, a series bl ocking diode can be u sed. In other cases, where t he voltage drop must be k eptlow a
P-channel MOSFET can be used (as shown in Figure 6).

DRAIN-BULK
DIODE OF FET

BP13504
VCC ACIN

L

FIG.6. Low loss input reverse polarity protection

15



USB and Wall Adapter Power

The BP13504 allows charging from both a wall adapter and a USB port. Figure 7 shows an example of how to
combine wall adapter and USB power inputs. A P-channel MOSFET, MP1, is used to prevent back conducting
info the USB port when a wall adapt er is present and a Schot tky diode, D1, is used fo prevent USB power loss
through the 1k pull-down resistor. Typically a wall adapter can supply more current than the 500mA-limited USB
port. Therefore, an N-channel MOSFET, MN1, and an exfra 10k program resistor are used to increase the charge
current to 580mA when the wall adapter is present.

D1
5V wall adapter [ )
[« 4.2V Li-lon
1013mA lcue el BP13504 Battery Pack
USB power Il _ i
100MA lex © g ACIN BATT || :
1kQ 1kQ “-“il __________
1uF
AV T
1uF =/— -
CHG_SB ENB _\_
PGOODB |sETA
GND

1kQ %_L%MN1 ;\Z/EJ/Q\)I ? 7.5kQ

FIG.7. Combining wall Odap’rer-und USB power

Battery Temperature Monitoring

The BP13504 continuously monitors battery temperature by measuring the voltage between the TS and GND
pins. The BP13504 has a nint ernal cur rent sourcet o providet he bias fort he most common 10k Q
negative-temperature coefficient thermal resistor (NTC) (see Figure 8). The BP13504 compares the voltage on
the TS pin against the internal VTIS_HIGH and VTS_LOW thresholds to determine if charging is allowed.

When the temperature outside the VIS_HIGH and VTS_LOW thresholds is detected, the device willimmediately
stop the charge. The BP13504 stops charge and keep monitoring the battery temperature when the
temperature sense input voltage is back to the threshold between VIS_HIGH and VIS_LOW, the charger will be
resumed. Charge is resumed when the temperature returns to the normal range. However the user may modify
the thresholds by the negative-temperature coefficient thermal resistor. The capacitor should be placed close
to TS pin and connected to the ground plane. The capacitance value (0.1uF to 10uUF) should be selected
according fo the quality of PCB layout.

_I___O VBATT
+

Temperature TS

Sense )
Battery

VTs = Its xRnTC
Turn off when Vi1s = 2.5V or Virs = 0.5V

FIG.8. The battery thermal detecting circuit
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BP13504

Package Outline Drawing
TDFN-10 (3x3 mm)

D2

L
IRENNEENE

m
—
=

SYMBPLSMI N. NOM. [ MAX.
A Q. 70 0.75 0.8
Al 0.00 0. 02 0. 05
A3 0. 20 REF.
o 0.18 0. 250. 30
D 3.00 BSC.
E 3. 00 BSC.
D2 2. 20 - 2.70
E2 1. 40 - 1.75
e 0. 50 BSC.
L 0.30 0. 40 0. 50
KO. 20 - -
UNIT: MM
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