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Sensorless 3-Cell Boost Switching Charger

Features

e Easy-to-use standalone 3-cell Boost charger
- Proprietary sensorless charge current control
- 4.5V to 10.5V input voltage operation
- 20V absolute maximum input voltage rating
- Charge voltages: 12.45V/12.6V/12.9V/13.05V
0.35A -1.2A programmable fast charge current
- 600kHz switching frequency
- 88% efficiency at 1A charge
- 3.3uH/4.7uH inductor
- Support Precharge, Constant Current (CC)
charge, Constant Voltage (CV) charge, charge
termination and recharge
e High charge accuracy
+/- 0.75% charge voltage regulation
- +/- 10% charge current regulation

150mA precharge current

150mA termination current

e  Protections

Cycle-by-cycle current limit protection
Input voltage regulation (VINDPM)
Cold/hot battery temperature monitoring

- Junction temperature thermal regulation(TREG)
- Over junction temperature protection
e Packaging
- ESOP-8L
- RoHS compliant and halogen free
- 100% lead (Pb) free

Applications

e 3-cell battery charger

e Small home appliance

e POS

Power tools

Large portable speakers
Toys

Drones

Robotics

General Description

The LP41323 is a cost-effective standalone Boost
3-cell battery charger. The fast charge current is
programmable .up to 1.2A with input voltage up to
10.5V. Higher input voltage supports higher charge
current because of higher charge efficiency. The Boost
converter switches at 600kHz and a 3.3uH or 4.7uH
inductor can  be selected. The charge status is
indicated by STAT pin driving a LED in series with a
current limit resistor. The LP41323 features battery
temperature monitoring and protection based on NTC
temperature sensing.

The LP41323 offers ESOP-8L package.

Order Information
LP41323 O O

F: Pb-Free
Package Type
SP: ESOP-8

Application Circuit

BAT
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Device Information

. Moisture L
Part Number Battery Voltages Top Marking Package Sensitivity Level Shipping
LPS
LP41323SPF 12.45V/12.6V/12.9V/13.05V LP41323 ESOP-8L MLS3 4K/REEL
YWX

Marking indication: Y: Year code. W: Week code. X: Batch numbers.
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Pin Diagram
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BAT 1 l/ I 8 sw
|
|
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| Thermal I
| PAD I
VSET 3 : GND | 6 VBUS
|
|
ISET 4 | : 5 STAT
b e
ESOP-8L
(Top View)
Pin Description
NPm ESOP-8L Description
ame
BAT 1 Battery voltage sense input
Battery temperature sense thermistor input. Charge(is suspended if the battery
TS 2 thermistor temperature.is out of range. If TS pin is not used, connect TS pin to
GND. If.TS pin is floating, termination is disabled.
VSET 3 Battery charge voltage program input.
Charge current program input: Connect a 1% resistor RISET from this pin to ground
ISET 4 to program the charge current. If ISET pin is floating, charge current is minimized. If
ISET pin is pulled below 0.5V, charge is disabled.
Charge status indication output. Connect a LED from STAT pin to GND via a
STAT 5 current limiting resistor.The STAT pin indicates charge status:
Charge in progress: STAT pin is pulled high to an internal supply
Charge complete or/not in‘'charge: STAT pin is internally open.
VBUS 6 Device input voltage
GND 7 Ground. Connect.to thermal pad from the top layer.
Switching node. Connect to a terminal of inductor.
SW 8
Thermal
PAD 9 Thermal pad and ground. Connected to ground plane.
& GND
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Absolute Maximum Ratings (Note)

VBUS Voltage to GND
SW and BAT Voltage to GND

STAT, ISET, TS, VSET Voltages to GND
STAT Source Current

-0.3V to 20V
-0.3V to 30V
-0.3V.to 6V

6mA

150°C

Maximum Junction Temperature (Tj)

Storage Temperature Range

-40°C to 150°C

260°C

Maximum Soldering Temperature (at leads, 10 sec)

Note: Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are
stress ratings only, and functional operation of the device at these or any other conditions beyond those indicated in the operational
sections of the specifications is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device

reliability.

ESD Ratings

HBM (Human Body Model) 2kV
MM (Machine Model) 200V
CDM (Charge Discharge Model) 500V
Thermal Information

0,a (Junction-to-Ambient Thermal Resistance) for ESOP-8L 48°C/W
Recommended Operating Conditions

SYMBOL PARAMETER MIN“| TYP | MAX | UNIT
Vin Input Voltage 4.5 105 |V

lcHe Fast Charge Current 0.35 1.2 | A
V/BATREG Battery Charge Voltage 12.45 13.05 |V

T, Operating Junction Temperature Range (T,) -40 125 | ¢

Ta Ambient Temperature Range -40 85 °C
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Recommended Component Parameter Range

SYMBOL PARAMETER MmN | TYP [max | UM
Cvaus Input Capacitance at VBUS 6 22 uF
Coar BAT Capacitance”” 6 22 uF
L1 Boost Inductance 2.64 | 3.3/47 uH
Notes:

(1) The values recommended in the table are effective inductance and capacitance.
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Electrical Characteristics

(The specifications are at Vvsus =5V, Veatr=11.4V, T, = 25°C unless otherwise noted)

SYMBOL PARAMETER TEST CONDITIONS MIN TYP | MAX | UNIT
QUIESCENT CURRENT
No VBUS
lq AT Battery reverse current VBAT = 11.4V 3 MA
| Battery leak current at Charge is terminated, 20 A
Q_BAT termination Vgar = 11.4V H
| Battery leak current at ISET Charge is disabled, 20 A
Q_BAT pin short Vgar = 11.4V H
INPUT VOLTAGE AND CURRENT
Under voltage lock . ¢
Vuvio rise out(UVLO) voltage Vvsus rising 3.8 v
VUVLOiFALL UVvLO VOltage VyBuUs falllng 300 mV
Vv Minimum operation input V Asin 45 Vv
OP_MIN voltage VBUS g .
VNDPM VINDPM at VBUS Regulated at VBUS pin 4.35 4.5 \%
Vysus_ovep VBUS over voltage protection | Vygys rising 1 \Y
VBUS over voltage protection .
VVBUS_OVP hyStereSiS gep VVBUS falllng 300 mV
BOOST CONVERTER
Rpson_a1 Boost NFET on-resistance Vyeus=5V 80 mQ
faw Switching frequency 600 kHz
locpi Over current limit 55 A
Dumax Maximum duty cycle 92 %
Minimum peak inductor
Ipk_MIN current 0.7 A
Vscp = (V. -V
VSCP_RISE Boost short circuit detection VZE: faI?in\éBuéoos?Aéi)sabled 0.80 V
Vv B t short circuit detecti Vscp = Vveus - Vear 0.50 v
SCP_FALL 0OO0St short Circult detection Viar riSing, Boost star‘tup .
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Electrical Characteristics

(The specifications are at Vvsus =5V, Veatr=11.4V, T, = 25°C unless otherwise noted)

ISET CHARGE CURRENT SETTING

ViseT ISET pin voltage 0.985 1 1.015 \%
lche Charge current setting range 0.3 2.0 A
Kicha Charge current ratio 40 AxkQ
ViseT sHoRT l\hSrI(E;h%Indshort protection 05 Vv

STAT INDICATION

STAT internally pulled up
VstaT STAT pull-up voltage to Vsrar 4.5 5 \%
Veus = SV, Istar=0

STAT internally pulled up
VstaT STAT pull-up voltage to Vsrar 4.0 4.5 \%
VBus =5V, Istar = 6mA

IsaT source STAT source current capability 6 mA

COLD/HOT THERMISTOR COMPARATOR

Its_source TS pin pull-up current -3% 100 +3% | UA
. VVBUS=5V

Vrs it TS floating Nk Termination is'disabled 4.5 v
Vveus=5V

V1s 6ND TS ground detect TS function notin use 0.15 0.2 \Y
when grounded

V711 Hot TS hot threshold Vs falling 500 mV

V11 Hot TS hot threshold Vs rising 550 mV

V13 colp TS cold threshold Vs rising 2500 mV

V13 colp TS cold threshold Vs falling 2250 mV
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Electrical Ch

aracteristics

(The specifications are at Vyeus =5V, Veat=11.4V per cell, T, = 25°C unless otherwise noted)

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
BATTERY CHARGER
VSET pin open Vv
(Ryser > 200k0) 1245
ch it VSET shorted to GND 12 6 \
VeaTrREG Cel?rge vollage per | (Ryser < 510Q) '
Ryser = 51 kQ +/-10% 12.9 v
Ryser =10kQ +/-10% 13.05 v
Precharge to fast charge
VBAT LOWV RISE% XSBIAJ f?s’;ecshﬁor%e threshold, as percentage of 68 %
9 Vearres, VBAT rising
Fast charge to precharge charge
VBAT LOWV FALL% ]};‘?ﬁ; fatﬁrgzﬁ;?g threshold, as percentage of 66 %
9 Vearres, VBAT falling
VRECHG_RISE% ReCharge threshold ;_Ai\ssir?gercentage of VBATREG’ VBAT 98 %
VRECHG_FALL% ReCharge threshold anS”iﬁseJrcentage of VBATREG, VBAT 97.6 %
ICHG_CC Fast Charge current ICHG=1A! VBAT=7-4V1 ICHG=1A 1000 mA
ICHG_CC Fast Charge current ICHG=O-5A, VBAT=7-4V1 ICHG=0-5A 500 mA
lprRECHG Precharge current Vpar = 5V 150 mA
lTeRM Termination current 150 mA
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Electrical Characteristics

(The specifications are at Vvsus =5V, Veatr=11.4V, T, = 25°C unless otherwise noted)

THERMAL REGULATION AND THERMAL SHUTDOWN
Boost mode thermal o
Treo regulation 118 C
Thermal shut down - o
Tshut RiSE in all conditions Temperature rising 150 C
Thermal shut down , o
Tshut HysT in all conditions Temperature falling 30 C
TIMING REQUIREMENTS
t Input debounce time | Time delay from Vyyio risg’ to 20 ms
DELAY Boost startup
tsorr Boost soft-start time 50 ms
Precharge and fast
teaTLOWY charge detection 200 us
deglitch time
Termination deglitch
trerm time 200 ms
Recharge deglitch
trecHe time 3.0 ms
trg TS deglitch time 10 ms
t Input OVP detection | From Vygys reaches OVP 600 ns
VBUS_OVP time threshold to Boost switching stop
Out of Boost mode
tscpi delay time (Mvsus - Veat) > Vscp_Rise 200 ns
Into Boost mode
tscp2 deglitch time (Vvaus - Vaar) < Vsce fatt 1 ms
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Typical Characteristics

(The schematic is as shown in Figure xx)

TBD
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Functional Block Diagram
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Boost Battery Charger
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Detailed Description

Overview

The LP41323 is a cost-effective standalone 3-cell Boost switching battery charger that steps 4.5V-10.5V input voltage
up to charge 3-cell batteries. The fast charge current is programmable by a resistor at ISET pin from 0.35A t0.1.2A. The
battery charge voltage (CV voltage) can be programmed by a resistor connected at VSET pin. The switching frequency
is 600kHz to allow a 2.2uH inductor being used. Charge status is indicated by STAT pin driving a LEDin series with a
current limit resistor. The LP41323 built-in battery temperature monitoring and protection based on.NTC temperature
sensing.

Charger Power-up

With VBUS voltage rise above Vyyio rise, following a delay time of tpg av, if the voltage difference between Vygys and
Veat is (Vveus - Vear) below Vscp rar and VBUS is higher than UVLO threshold, Boost converter starts with charge
current ramping up.

Device Functional Mode

The device operates in different modes depending on Vygus, Vear and ISET pin connection. The functional modes are
listed in the following table.

Table 1: Device Functional Mode

MODE CONDITIONS CHARGE STAT
HiZ Mode Vvsus'< Vuvilo NO OPEN
Boost Disabled (Vvaus - Viat) > Viscp rise NO OPEN
VINDPM Mode VVBUS = V|NDPM YES HIGH
Boost Mode (Vysus = Vear) < Vscp parrand YES HIGH
Vysus > Vuvio
Pl‘eChaI’ge Mode (VVBUS - VSCPiFALL) < VBAT < VBAT_LOWV YES HIGH
Fast Charge Mode Vear > VBAT_LOWV YES HIGH
Charge Termination Iche < lterm NO OPEN
Vear > Vreche rise% Of Vear
Fault Mode . Ty>Tshut NO OPEN
e _TS Cold/Hot
o Input OVP
ISET Short ISET pin short to GND No OPEN

Boosti\Converter

The Boost converter is allowed to operate if Vygus > Vuvio and Vygus < Vscp raLL + Vear and faults is not detected.
The Boost converter is under control of input voltage, constant current, thermal regulation, battery voltage regulation
loops and only one of the loops controls Boost duty cycle at one time.

Battery Charge Profile

As shown in Figure 1, the battery charge current is determined by precharge current and constant charge current as
well as battery voltage.

Precharge
The device charges the battery at 150mA in precharge mode if a battery voltage is below 66% of Vgatrea.

Constant Current (CC) Charge

CC charge is also called fast charge. The device charges the battery from Boost converter at current level of Kicpg /
Riset, where Kiche is the gain of charge current setting and Rser is the resistance value from ISET to GND.
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Constant Voltage (CV) Charge

With the battery voltage charged up, the BAT pin voltage reaches the battery regulation voltage Vgatregand the charge
current starts to decrease from fast charge current Icys cc. The actual battery voltage keeps increasing and charge
current decreasing until charge termination conditions are met and charge is terminated.

Charge Termination

The device terminates a charge cycle when the battery voltage is above recharge threshold.Vgatres*VrecHs risesw and
the charge current is below termination current Itgry for deglitch time trgry. The termination current threshold lgry is
fixed at 150mA.

Battery Recharge

Once a charge cycle is terminated, if battery voltage Vgar decreases below the recharge threshold Vearrec*VrecHs FaLL%
and the charge conditions are met, the charger is enabled again. In addition:to recharge, a charge cycle starts if V\pgys
voltage is recycled or TS fault is cleared. Each time when battery is-recharged, a Boost soft-start is inserted.

Battery Short

If short circuit occur at BAT pin, the short circuit current is bypassed from input supply through inductor and schottky
diode. The device does not limit the short circuit current/Instead, when short circuit is detected, the Boost converter
turns off and waits until Vgar rises to a threshold. Battery pack itself provides short circuit protection:if a battery packs is
shorted to GND externally. The AC or DC adaptors usually build short circuit protection with constant output current
limit or over current protection (OCP), which prevents battery over charge.

ISET Pin Short

If ISET pin is open, the charge current.is minimized. If ISET pin is shorted to GND, internal'charge current is clamped
and charge is disabled. STAT. pin isiopen. ISET pin can be used as enable.input for.charge enable or disable. An
open-drain GPIO in parallel with.Riser ¢an be connected to ISET pin to enable and'disable charge. When ISET pin is
released from short, the charger goes through soft-start process.

Input Voltage Dynamic Power Management (ViNDPM)

When the input current of the device exceeds the current capability of the power supply, the charger device regulates
VBUS voltage by reducing charge current to avoid crashing the<input'power supply. To charge a battery, the input
voltage must be higher than actual Vyppy threshold. In“VINDPM regulation, termination is temporarily disabled.
VINDPM is enabled once Boost converter is in operation
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Battery Temperature Monitoring

The charger device provides a single NTC thermistor input TS pin for battery temperature monitor. TS pin has internal
pull-up current 100pA and TS voltage is internally clamped. If TS pin is open or pulled higher than a threshold, charge
termination is disabled. If TS pin is pulled to ground, TS pin is ignored and battery is charged without TS detection.

The device continuously monitors battery temperature by sensing the voltage at TS pin. The cold temperature is
corresponding to the voltage threshold of V13 cop and the hot temperature is corresponding to the voltage threshold of
V11 _nor. If the TS voltage Vs falls betweenVyy norand Vs colp, device charges battery:normally. If the:TS voltage Vrs
falls out of the range and the TS pin is not shorted to GND or left open, the device stops charge.

As shown in Figure 10, to monitor the battery temperature, a negative temperature coefficient (NTC) thermistor is
connected to TS pin through Rty and Ry, resistors. The Ryq and Ry, resistors.are-used to adjust cold and hot
temperatures.

BAT
[ *
10uF
Irs
TS Rn +
Rz NTC
GND [T—

Figure 1. Battery Temperature Monitoring

The RT1 and RT2 resistance can be calculated basedon NTC specifications and charge temperature range. The
design steps are as shown below:

1. Convert the cold voltage threshold V13 corp & to a corresponded resistor value using the equation below:
_ Vrzcopr  2500mV 25k

R = =
O Ins source . 100pA
Convert the hot voltage thresholdVr1 1ot F to a corresponded resistor value using the equation below:

Rugr = Vri wor r _ 500mV - 5k0
Its source  100pnA
2. According to the required battery operation temperature range, for example 0°C to 45°C, look up the NTC
thermistor resistor values. For a 10kQ (B=3435K) NTC thermistor, the resistance values at 0°C is
Ryrecoup = 27.28kQand the resistance value at45°C isRyrc,,,, = 4.911kQ

3. The Ry4, Rrz can be calculated by the equations:

RNTC -RnTC )XRCOLD XRHOT
- 2_ , ( COLD HOT
(RNTCCOLD+RNTCHOT)+j(RNTCCOLD+RNTCHOT) 4‘X(RNTCCOLDXRNTCHOT T RpoT-RcoLp )

Rri(k2) = > (1)

RNTCHorXRHOTHRT1XRHOT

Ry (k2) = @)

RNTCHoTt RT1—RHOT
The resistor network values can be calculated:
Rt1= 0.180kQ, Ry, = 279.04kQY°

Select 1% accuracy resistors Rr1= 0Q, Ry, = 280kQ
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Thermal Regulation (TREG)

The device monitors the junction temperature T, to avoid overheating the chip and limit the device surface temperature.
When the internal junction temperature exceeds thermal regulation limit Treg, the Boost lowers down' the charge
current. During thermal regulation, the average charging current is below the programmed battery charging current. In
thermal regulation, termination is temporarily disabled.

Thermal Shutdown (TSHUT)

The devices have thermal shutdown built in to turn off the charger when device junction temperature exceeds Tgsyyr-
The charger is re-enabled with soft-start when the junction temperature is 30°C below Tgyyt- During thermal shutdown,
charge is suspended.
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Application and Implementation

Application Information

The device can be used for general purpose 3-cell battery charger. The charge current is programmable by a resistor
from ISET pin to GND. The charge voltage is set by VSET pin.

Application Schematic

I
D1

VIN=4.5V-10.5V L1

I C1 3.3uH

F

22uF
25V

LED

1kQ

R1

;

40kQ

:

R2

NC

)

R3

SwW

VBUS

STAT

ISET

VSET

GND

BAT
BAT 1T (1]

22uF
;I; 25V

I
im \%

™

Figure 2: Typical Applications Schematic

Charge Current'Setting

The charger current is set by the resistor value at the ISET pin-according to the equation below:

ler (A) = Kiche (AkQ) / Riser(kQ)

©)

Kichg is‘current setting gain that is listed in Electrical Characteristics table and RISET is the resistor value from ISET pin
to GND. Kichg is typically 40 (A-kQ) and the typical values vs. charge currents are illustrated in Figure xx (TBD) in

Typical Characteristics.
Charge Voltage Setting

A resistor connected at VSET pin programs charge voltages per cell.

e Ryser =510Q or short, Veatrea=12.6

o Ryser = 10kQ, Vgatrec=13.05V

o Ryser = 51kQ, Vatrec=12.9V

e Ryser = 200kQ or open, Veatrec=12.45V
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Application and Implementation
Application Curves (TBD)
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PCB Layout Guideline (TBD)
Appropriate PCB layout is important in the power supply design. Good PCB layout minimizes EMI and noises, allows
good output voltage regulation and achieves higher efficiency. The following design considerations are recommended:
e Decouple BAT and VBUS pins to GND on top layer and place decoupling capacitors as close to those pins as
possible. Always avoid vias if possible because they have parasitic inductance and resistance. If vias are
inevitable, always use more than one vias in parallel to decrease parasitics for power traces.
e Connect GND pad to the ground plane on the bottom side with multiple vias that is for both heat dissipation and
electrical connection.
e Minimize switching SW node size and trace lengths and keep it away from ISET and BAT traces.
e An example of 20mmx10mm 2-layer PCB layout is shown in Figure xx below.
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Packaging Information

ESOP-8L
— [aN]
[€a] m [€a)]
b [—————————————»
1.+ Ak ,
TOP VIEW BOTTOM V.IEW
0.6 1.27
D )Ny .
=] e st
o 1= I
2 R
Te) ~
I/ e N | N\
f 4 - — =
L [ %
- L1 ~ 3.3
SIDE VIEW Recommended Land Pattern
Dimensions In Millimeters
YMBOL MIN NOM MAX
A 1.35 - 1.75
A1 0.00 - 0.15
b 0.30 0.40 0.50
c 0.20 REF
D 470 | 4.90 | 5.10
D1 3.2 REF
E 5.70 6.00 6.30
E1 3.70 3.90 410
E2 2.30 REF
e 1.27 BSC
L 0.40 | 0.60 | 0.80
L1 1.05 REF
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Tape and Reel information-ESOP-8L
REEL DIMENSIONS

ey WE _ ‘7_
— }7_:1-:‘%
. |
; ‘ Dimensions. In Millimeters
/ \ STMBOL 3N NOM MAX
. —H‘( YIS ﬂ.r«j\\ % DA 325.00 | 329.00 | 333.00
R A l W2 15200 | 17.00 | 19.00
"\\"\\ =3 ;\/ 4/\/ :"jﬂl“
R | ///
\7\ /
L
=
TAPE DIMENSIONS
Dimensions In Millimeters
G C SYMBOLE iy NOM MAX
o S . A 6. 20 6. 60 7. 00
& o 9 6 T B| 5.10 | 5.50 5. 90
: — — — — W PO 3. 80 4,00 4, 20
AI ko E E 1 P 7.80 | 8.00 8. 20
i = : i i DO 1. 30 1. 50 1.70
F | ! W 11.90 12.00 12. 30
p C 1.90 2.10 2.30
PIN1 AND TAPE FEEDING DIRECTION
//Q O O O Q;PIM
(@ o o LN
\ \—

User Direction of feed

\
\
\
1
!
1

/ !
/ /
i /
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