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Features

e Easy-to-use standalone high-efficiency 1-cell
switching charger
- Proprietary sensorless technique
- 4.1V to 6.2V input voltage with 28V absolute
maximum input voltage rating
- Resistor programmable charge voltages
3.6V/4.2V/4.40V/4.45V
- 3.5A maximum fast charge current
- 1.2MHz switching frequency
- 94% high efficiency @ VBAT=3.8V, ICHG=2A
- 91% high efficiency @ VBAT=3.8V, ICHG=3A
- Input voltage regulation to allow weak input
power source to charge battery (VINDPM)
- Support trickle charge, precharge, Constant
Current (CC) charge and Constant Voltage
(CV) charge, charge termination and recharge
e High charge accuracy
- +/- 0.5% charge voltage regulation
- +/- 6% charge current regulation
e High integration
Integrated all MOSFETSs
- Internal loop compensation

Internal bootstrap diode

LED charge indication driver

e  Protections
- Cycle-by-cycle current limit protection
- Input under-voltage lockout (UVLO)

- Input over-voltage protection (OVP)
- Cold/hot battery temperature monitoring
- Junction temperature thermal regulation
- Charge safety timer
e Packaging

- QFN3x3-16

- RoHS compliant and halogen free

- 100% lead (Pb) free

Applications

e Portable battery powered devices
e Gaming devices

e Charging docks and cradles

e E-Cigarette

LP40300

3.5A Sensorless Switching Charger

General Description

The LP40300 is a standalone 1-cell switching
battery charger providing up to 3.5A charge
current to the battery from 4.1V to 6.2V input
voltage. The charge current is programmable by a
resistor connected from ISET to GND and the
charge voltage is programmable by a resistor
connected from VSET to GND. The charge can be
enabled and disabled from ISET pin. The LP40300
operates at 1.2MHz switching frequency allowing a
1uH inductor for 3.5A fast charging. The
patent-protected integrated current sensing
technique eliminates external sensing resistor
allowing very high charge efficiency, low BOM cost
and small footprint battery charge solution. The
current accuracy for precharge, fastcharge and
termination is competitive compared to resistor
based current sensing architecture. The device
can be enabled or disabled by /EN pin. LP40300 is
available in QFN3x3 -16 package.

Order Information

LP40300 (OO O

F: Pb-Free
Package Type
QV: QFN -16

Application Circuit

VIN

xX

4.1V -6.2V

LP40300 sw
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Device Information

Part Number Top Marking Package Moisture Sensitivity Level Shipping
LPS
LP40300QVF LP40300 QFN-16 MSL3 5K/REEL
YWX
Marking indication: Y: Year code. W: Week code. X: Batch numbers.
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Pin Diagram

IE PMID
E BST
[ ]en
(=] on

VBUS 2 | GND

REGN GND

Thermal Pad
GND

STAT 0 | BAT

ISET VSET

DB BBk
FIEIEE

5 6 7 8
GND /EN. TS NC

QFN 3x3 -16
(Top View)
Pin Description
Pin # Name Description
Charger input connection. The internal n-channel reverse block MOSFET (RBFET) is
1 VBUS | connected between VBUS and PMID with VBUS on source. Place a 1uF ceramic capacitor
from VBUS to GND and place it as close as possible to IC.

2 REGN Positive LDO output. Connect a 2.2uF ceramic capacitor from REGN to GND. The

capacitor should be placed close to the IC.

Charge status indication output. Connect a LED from REGN pin to STAT pin via a current
limiting resistor. The STAT pin indicates charger status:

3 STAT e Charge in progress: STAT pin is pulled LOW

e Charge complete or charger in SLEEP mode: STAT pin is OPEN

e Fault mode: STAT pin blinks

4 ISET Charge current program input. Connect a 1% resistor RISET from this pin to ground to
program the charge current.

Power ground and analog ground. The GND pins must be connected to the thermal pad
ground. For best performance, VBUS capacitor must be connected to pin 5 on the top layer.

5, 11,12 GND

6 JEN The device enable pin. The device is enabled with /EN pin floating or pulled low.

7 TS Battery temperature sense thermistor input. Charge is suspended if the battery thermistor
temperature is out of range. Leave the TS pin floating if TS pin function is not used.

8 NC Not connected.

Charge voltage setting input. VSET pin sets battery charge/regulation voltage. Program
battery regulation voltage with a resistor connected from VSET to GND. No capacitor is
allowed to connect at this pin.

9 VSET e RVSET floating (>200kQ+/-10%): Vgatrec = 4.2V

o RVSET =51 kQ +/-10%: Vgatres = 4.40V

o RVSET = 10kQ +/-10%: VgaTres = 4.45V

e RVSET shorted to GND (< 510Q): Vgatres = 3.6V

10 BAT Battery connection pin. Connect this pin to node of inductor output terminal and battery
pack positive terminal. >10uF capacitor is recommended to connect to this node.
Switching node. Internally SW node is connected to the source of the n-channel HSFET
and the drain of the N-channel LSFET. Connect this pin to a terminal of external inductor.
High-side MOSFET driver supply input. BST is internally connected to the cathode of the
internal boot-strap diode. Connect 47nF bootstrap capacitor from BST to SW.

Connected to the drain of the reverse blocking N-channel MOSFET (RBFET) and the drain
16 PMID | of high-side MOSFET (HSFET). Place ceramic 10puF on PMID to GND and place it as close
as possible to IC.

Thermal pad. The thermal pad is connected to ground and must by connected to GND pins
17 PAD on top layer. Ground plane is connected to thermal pad through vias underneath the
thermal pad.

13,14 SwW

15 BST
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Absolute Maximum Ratings (Note)

VBUS, PMID voltage to GND -0.3V to 28V
SW, BAT Voltage to GND -0.3V to 9V
BST to SW Voltage to GND -0.3V to 6V
REGN, STAT, ISET, /EN, TS, VSET Voltages to GND -0.3V to 6V
STAT Sink Current 6mA
REGN Source Current 16mA
Maximum Junction Temperature (Tj) 150°C
Storage Temperature Range -40°C to 150°C
Maximum Soldering Temperature (at leads, 10 sec) 260°C

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) 46°C/W
Recommended Operating Conditions

SYMBOL PARAMETER MIN | TYP | MAX | UNIT
Vin Input Voltage 4.1 6.2 \Y,

lcHe Fast Charge Current 0.35 35 | A

VBAT Battery Charge Voltage 4.1 4.4 \%

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

Ta Ambient Temperature Range -40 85 °C

L Output Inductance™ 0.7 1 2.64 | pH
Creon REGN LDO Capacitance ™ ® 1 2.2 47 | uF

Cin Input Capacitance @ 0.6 1 47 | uF
Crmip PMID Capacitance™ @ 4 10 40 | pF
Coar BAT Capacitance™® 4 10 40 | pF
Notes:

(1) The values recommended in the table are effective inductance and capacitance.
(2) X7R and 16V or higher voltage rating are recommended.

(3) X7R and 10V or higher voltage rating are recommended.
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Electrical Characteristics

(The specifications are at Vvsus_Lowv < Vvsus < Vveus_ove and Vveus > Vear + Vsieer, L=1uH, T, = 25°C unless

otherwise noted)

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
QUIESCENT CURRENT
Isb vBus Shutdown input current Vyeus = 5V 5 MA
| Shutdown battery reverse 1 A
SD_BAT current H
I Battery reverse current VBATHVSTRS P VBUS 1 MA
Q_BAT pin floating
Charge is terminated,
lq_BaT Battery leak current Varr=4 5V 5 MA
ISET pin floating,
lq_BaT Battery leak current Varr=d 5V 5 MA
lq_BaT Battery leak current ISET pin short, Vgar=4.5V 5 MA
REGN LDO
Vreon REGNLDO outputvoltage | Yveus=2V: lreen=16mA 4.2 50 | V
IREGN REGN LDO output current 16 mA
REGN LDO short circuit
Irecn protection 20 mA
MOSFETS
Rpson_a1 RBFET on-resistance Vyveus=5V 40 mQ
Roson a2 HSFET on-resistance Viveus=5V 55 mQ
Roson a3 LSFET on-resistance Viveus=9Y 50 mQ
INPUT VOLTAGE
Vveus VBUS operation range 4.1 6.2 \Y
VyBus_Lowv REGN turn-on threshold Vygus rising 3.65 3.75 | 3.85 V
REGN turn-on threshold .
VvBus_Lowv_HYS hysteresis Vyeus falling 300 mV
VsLEep Into sleep mode threshold Vygus falling, Vygus-Veat 30 60 90 mV
VsLEepz Exit sleep mode threshold Vveus rising, Vygus-Veat 110 150 250 mV
VINDPMiMIN Minimum V\nppum Vear=3.5V 3.9 4.0 41 V
VBAT=4-0V
V V 4175 | 4.25 4.325 \
INDPM INDPM Vinopw=Vear+0.25V
V input overvoltage ..
VVBUSfOVPiRISE th\;BeUSShlolgu verv 9 V\weus rising 6.3 6.4 6.5 V
VBUS input overvoltage .
Vweus ove HYs | threshold hysteresis Vwveus falling 0.5 v
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Electrical Characteristics

(The specifications are at Vvsus_Lowv < Vvsus < Vveus_ove and Vveus > Vear + Vsieer, L=1uH, T, = 25°C unless

otherwise noted)

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
BATTERY CHARGER
3.6 v
4.221 V
Vv Charge voltage 4.179 4.2
BATREG regulation 4.4 Vv
4.45 v
Riser = 40kQ, Vygys=5V,
Varr=3.8Y 940 1000 1060 mA
lens Fast charge current R'SET_= 20kQ, Vveys=5V, 2000 mA
Vear=3.8V
Riser = 13.3kQ, Vygys=5V,
S5, Uy 3000 mA
Riser = 40kQ, Vygys=5V,
i, Wy 70 | 100 | 130 | mA
lpRECHG Precharge current R'SET_= 20kQ, Vveus=5V, 200 mA
Vear=2.5V
Riser = 13.3kQ, Vygys=5V,
Verr=2.5V 300 mA
Riser = 40kQ, Vyeys=5V 70 100 130 mA
lrerm Termination current Riser = 20kQ, Vypys=5V 200 mA
RISET = 133kQ, VVBUS:5V 300 mA
Vgat short risin
VBAT [SHORT RISE thBr:\aTshoI q 9 Battery short to precharge 2.05 2.20 2.35 \Y;
IBAT_SHORT Trickle Charge current VVBUS=5V! VBAT=1 .0V 50 60 70 mA
Vgat short fallin
VBAT SHORT FALL thBr/?aTshoI q g Precharge to battery short 1.85 2.0 2.15 \Y;
Vgat fast charge risin
VBAT LOWV_RISE thBrgshoI q ge rising Precharge to fast charge 2.9 3.0 3.1 \Y;
Vpat fast charge falling | Fast charge to precharge
Veat_Low_FaLL threshold charge 26 2.7 2.8 v
VRecHG_HYS Recharge threshold Vgar falling 160 mV
STAT
fsTAT BLK Blinking frequency 50% duty 1 Hz
IsTAT PD STAT pull-down current 6 mA
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Electrical Characteristics

(The specifications are at Vvsus_Lowv < Vvsus < Vveus_ove and Vveus > Vear + Vsieer, L=1uH, T, = 25°C unless

otherwise noted)

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
SWITCHING CONVERTER
Fsw Switching Frequency 1080 1200 1320 kHz
InsFeT_ocp HSFET Over Current Protection 54 A
lisrer ocp LSFET.Reverse Current 18 A

- Protection
Duax Maximum duty cycle 97 %
ISET SETTING
ViseT ISET pin regulated voltage 0.985 1 1.015 \%
Kiche Charge current setting ratio I}ZZE(GA/) I:ISET(kQ) 40 AxkQ

COLD/HOT THERMISTOR COMPARATOR
Tcowp (0°C) threshold, charge

Vs rising, as percentage

V11% suspend if Vyg is above the of V 73.5 %
threshold REGN
Vs falling, as
o, o,
Vri% percentage of Vreen 71.5 A
Thot (45°C) threshold, charge .
Vra% suspend if Virs is below the Vs falling, "N 47.25 %
threshold percentage of Vrean
Vra% V+s rising, as percentage 48.95 %
of Vreen
THERMAL REGULATION AND THERMAL SHUTDOWN
L Thermal regulation 110 120 135 °C
TsnaRISE Thermal shut down Temperature rise 150 °C
Tsur pa. | 1hermal shut down Temperature fall 120 °C
TIMING REQUIREMENTS
treru Termination deglitch time 100 ms
tsaFETY_FAST Fast charge safety timer Veat > VBaT_Lowv_RISE 20 hr
tSAFETYﬁPRE Precharge safety timer Vgat < VBATﬁLOWVﬁRISE 2.0 hr
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LP40300

Typical Characteristics
(L=1pH, C4,C2, C3, C5=10pF, C4= 2.2pF and T, = 25°C unless otherwise noted; the schematic is as shown in Figure 11)
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Figure 1. Battery Charge Efficiency
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LP40300

Typical Characteristics
(L1=1uH, C4,C2, C3, C5=10uF, C4= 2.2uF and T, = 25°C unless otherwise noted; the schematic is as shown in Figure 11)
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Figure 7. Charge Current vs. Charge Current Setting Figure 8. Charge Current Setting Gain vs. Charge
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Functional Block Diagram
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Detailed Description

Overview

The LP40300 is a highly-integrated switching charger for 1-cell Li-lon and Li-Polymer batteries. The charge voltage is
set by an external resistor connected from VSET pin to GND and the charge current is set by an external resistor
connected from ISET pin to GND. The charge current is programmable up'to 3.5A. To initiate a charge cycle, the
conditions of charger power-up must be met. The device charges battery in four modes: trickle charge, pre-charge,
Constant Current (CC) charge, and Constant Voltage (CV) charge. The charger terminates the charge cycle when the
charge current is below termination threshold Itgry and charge voltage is above recharge threshold. When a fully
charged battery's voltage is discharged below recharge threshold, the device automatically starts a new charging cycle
and safety timer starts counting. The STAT pin output indicates the charging status of charging, charging complete or
charge disabled or charging faults. Charge safety timer is built in to enhance the charger’s safety features.

REGN LDO Power-up

The REGN LDO supplies part of internal bias circuits as well as the HSFET and LSFET gate driver. The REGN also
supplies STAT LED indication and internal and external TS resistor dividers. The REGN LDO is enabled after sleep
comparator deglitch time, VSET detection time and REGN delay time if the below conditions are met:

* /EN pin is floating or pulled low

* Vygus above Vygus Lowv

* Vygus above Vear + Vsieepz
REGN LDO remains on in fault mode. REGN LDO is powered from VBUS only.

Converter and Charger Power-up

Following REGN LDO successful power-up, if there is no below faults detected and ISET pin is normal, converter
powers up and charge is enabled. The faults include:

° Input OVP fault: VVBUS > VVBUS_OVF’

* TS cold/hot fault

 Safety timer fault

* Junction temperature is above Tyt
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Device Functional Mode

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

Table 1: Device Functional Mode

MODE CONDITIONS REGN CHARGE STAT
Disable Mode /EN is pulled high OFF NO OPEN
ISET Pin Open/Short | Viser > 1.3V or ISET open or short to ON NO OPEN
GND
HiZ Mode VVBUS < VVBUS_LOWV OFF NO OPEN
Sleep Mode Vveus >VVBUSfLOWV OFF NO OPEN
Vveus < Vear+ Vsieep z
Charge Mode Vveus > VVBUSfLOWV ON YES SHORT to
Vyeus > Vear+ Vsieep z GND
Vveus < Vveus ove Rise
Charge Termination Vyveus > Vveus Lowv ON NO OPEN
Mode Vveus > Vasar+ Vsieer z
Vveus < Vvsus_ovp_RISE
No faults and charge is terminated
Fault Mode Any of the faults below if charge mode is ON NO BLINKING
initiated:
e Input OVP
e TS Cold/Hot
e Thermal Shutdown
o Safety timer expires

Battery Charge:Profile

In Charge Mode as shown in the table of Device Functional Mode, the devices charge the battery in four
sub-charge-modes: trickle charge, pre-charge, Constant Current (CC) charge and Constant Voltage (CV) charge as
shown in Figure 9. If the battery voltage falls below VBAT_SHORT_FALL, the battery charge battery with trickle charge
current IBAT_SHORT, when the battery voltage rises above VBAT _SHORT_RISE and below VBAT _LOWYV_RISE, the
charger charges battery in precharge mode with charge current at IPRECHG. Fast charge starts once battery voltage
rises above VBAT LOWYV_RISE. When battery voltage is close to battery charge voltage VBATREG, the charger goes
into CV mode and charge current starts to decreases. When charge current decreases below termination current
ITERM, charge is terminated and charge cycle ends. Following charge termination, if the battery voltage follows below
(VBATREG — VRECHG_HYS), a new charge cycle restarts.

Trickle Charge

The device charges the battery at a fixed charge current lgar sHorr if the battery is below Vear < Vear shorr.

Precharge

The device charges the battery at 10% of programmed fast charge current Icyg in precharge mode. Precharge is
enabled in Charge mode when the precharge condition VBAT_SHORT_RISE < VBAT < VBAT_LOWV_RISE are met.

Constant Current (CC) Charge

CC charge is also called fast charge. The device charges the battery from Buck converter at current level of Kichg /
RISET, where Kcyg is the gain of charge current setting. Fast charge starts when fast charge conditions are met.
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A
Battery Charge Voltage VeatReg [~~~ ~ ~ ~ ~ ~ ~ ~ ~~—~—°-TT—T——=~% \ -
Battery Voltage
Fast Charge Current Icpg [F === = = = = = = e e TS m == —
VBAT Lowv
VBAT SHORT
IprRECHG
ITERM
IBAT SHORT | L
?rickle Chargg ‘Pre-charge 1 Fast Charge and Voltage Regulation g
Figure 9. Battery Charge Profile
Table 2. Charge Current in Charge Mode
CHARGE MODE BATTERY VOLAGE Vgar CHARGE CURRENT TYPICAL VALUES (mA)
Trickle Charge VBAT < VBAT_SHORT_FALL IBAT_SHORT 60
Precharge VBAT_SHORT_RISE < VBAT< VBAT Lowv IPRECHG 10% of Icug
Fast Charge VBAT_Lowv < VBAT < VBATREG Teng Kicne / RISET
CV Charge VBAT_Lowv < VBAT < VBATREG < leie Variable

Constant Voltage (CV) Charge

With the battery voltage charged up, the BAT pin voltage reaches the battery regulation voltage Vgatreg and the charge
current starts to decrease from fast charge current Igyg. The actual battery voltage keeps increasing until charge
termination is triggered.

Charge Termination

The device terminates a charge cycle when the battery voltage is above recharge threshold (Vgatres - VrecHs_wvs) and
the charge current is below termination current ltgry for deglitch time trgry. The termination current threshold Itgry is 10%
of fast charge current Icyg, which is set by the RISET resistor connected at ISET pin.

Battery Recharge

Once a charge cycle is terminated, safety timer is disabled. If battery voltage Vgar decreases below the recharge
threshold (Veatres - Vrechs nys) and the charge mode conditions are met, the charger is enabled again and safety timer
is reset and starts counting. Besides recharge, charge cycle could restart if Vygys voltage is recycled or ISET pin is
released from an open/short/pulled-up condition.
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Battery Temperature Monitoring

The charger device provides a single NTC thermistor input TS pin for battery temperature monitor. RT1 and RT2
resistor programs the cold temperature T1 and hot temperature T3. In the Equations (1) and (2), RNTC,T1 is NTC
thermistor resistance value at temperature T1 and RNTC,T3 is NTC thermistor resistance values at temperature T3.
VT1% and VT3% can be found n the Electronic Characteristics table. Select 0°C to 45°C for battery charge
temperature range, then NTC thermistor 103AT-2 resistance are RNTC,T1 = 27.28 kQ (at 0°C) and RNTC,T3 = 4.91
kQ (at 45°C). From Equation (1) and Equation (2), RT1 and RT2 are derived as below, which is the resistance to set the
charge temperature range 0 to 45°C.

* RT1 =4.52 kQ

* RT2 =23.2kQ

BST

sw lf\(\fv‘\j

AT %

h. ™ REGN
% RT1 g_c

TS
im @;
N
Figure 10. Battery Temperature Monitoring

]

LP40300

R y % R * (1_ — 1—)
5m NTCTL NTC,T3 V% V%

1 1
Ryrem X (m—l) = Ryrera X (VTS%- 1) (1)

1
V% =1
1 1
_t
RTZ RNTC,TI (2}

RT1 =

Fault Mode

Any fault below triggers the charger into fault mode:

Input OVP

TS Cold/Hot

Thermal Shutdown
Safety timer expiration

O O O O

In fault mode, the charger stops charging and STAT pin blinks. For any faults other than safety timer expiration, the
safety timer continues counting until safety timer expires. In fault mode, REGN LDO keeps on and RBFET Q1 is off.
Once a fault is cleared, the charger goes back to charge mode if charge conditions are met. The converter goes
through soft-start process when going back to charge mode from a fault mode.
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ISET Pin Open and Short

To protect against ISET pin open and short, the charger immediately shuts off once ISET pin is open or short to GND.
ISET pin can be used as enable input for charge enable or disable. If ISET pin is pulled higher than 1.3V, charge is
disabled as well. When ISET pin is released from open or short or pulled-high, the charger goes through soft-start
process.

Charge Safety Timer

The device has built-in safety timer to prevent extended charging cycle due to abnormal battery conditions. The safety
timer is 20 hours when the battery voltage is above VBAT_LOWYV threshold and 2 hours below VBAT_LOWYV threshold.
When the safety timer expires, charge is suspended. Safety timer is reset and starts to count each time when charge
conditions are met. From the fault mode, one of the following conditions can enable charge and reset safety timer.

- Battery voltage falls below recharge threshold
* VBUS voltage is recycled
* ISET pin is released from ISET short, open or pulled-high conditions

If the safety timer expires, the charger goes into fault mode and STAT starts blinking. If any faults other than safety
timer expiration cause the charger going into fault mode, STAT starts blinking and safety timer continue counting until
safety timer expires if a fault stays valid. If a fault is cleared, the charger is out of fault mode and the safety timer
continues counting.

Input Over Voltage Protection

The device intelgrates the functionality of an input over-voltage protection (OVP). The input OVP threshold is
Vyveus_ove rise. During an input over-voltage event, the charger Is disabled and goes into fault mode.

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
PMID voltage by reducing charge current to avoid crashing the input power supply. VINDPM dynamically tracks the
battery voltage. The actual VINDPM regulation is the higher of VINDPM_MIN and (VBAT + 250mV). To charge a
battery, the input voltage must be higher than actual VINDPM threshold.

Thermal Regulation (TREG)

The device monitors the junction temperature TJ to avoid overheating the chip and limit the device surface temperature.
When the internal junction temperature exceeds thermal regulation limit TREG, the device lowers down the charge
current. During thermal regulation, the average charging current is usually below the programmed battery charging
current. In thermal regulation, termination is temporarily disabled but safety timer continues counting.

Thermal Shutdown (TSHUT)

The devices have thermal shutdown built in to turn off the charger when device junction temperature exceeds TSHUT.
The charger is re-enabled when the junction temperature is 25°C below TSHUT. During thermal shutdown, charge is
suspended and the charger goes into fault mode.
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Application and Implementation

Application Information

The device can be used for general purpose high efficiency fast charger. The charge voltage can be programmable by
a resistor from VSET pin to GND and charge current is programmable by a resistor from ISET pin to GND. The charge
can be enabled or disabled by a MCU GPIO port.

Application Schematic

VIN 41V-6.2V
C1 —T— Cc3
1uF i
REGN BST
| REGN
c2
2.2uF
LEE:(
sw
¥ 1kQ
STAT BAT
R3
MCU JEN
/0
TS
AANN— ISET
MR
VSET
%; R5
J GND
Designator Values Part Number(s) Manufacturer Package Specifications
Size
c1 1 pF +10% GRM188R61H105KAALD Murata 0603 Ceramic, X5R, 50V
c2 2.2 UF £10% GRM188R71A225KE15D Murata 0603 Ceramic, X5R, 10V
C3,C5 10 uF £10% GRM188R61C106KAALD Murata 0603 Ceramic, X5R, 16V
L 1 uH +£20% MPIM252010F1ROM-LF Microgate 2.5x2.0x1.0 Irate=3.2A, DCR=28mQ
L 1 pH +20% FTC404012STROMBCA SZCIIANG 4.0x4.0x1.2 Irate=5.5A, DCR=21mQ

Figure 11: Typical Applications Schematic

Charge Voltage Setting

Battery charge voltage is programmed by a resistor connected at the VSET pin. When the REGN LDO startup
conditions are met, and before the REGN LDO powers up, the internal VSET detection circuit is enabled to detect
VSET pin resistance and set battery charge voltage accordingly. The VSET detection circuit is disabled after detection
is complete and changing resistance values on the fly does not change the battery charge voltage for charge safety.
VSET detection is re-enabled once the REGN LDO is recycled.

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

lerg (A) = Kicre (A'kQ) / RISET(kQ) (3)
Kicha is current setting gain that is listed in Electrical Characteristics table and RISET is the resistor value from ISET pin

to GND. Kcpe is typically 40 (A-kQ) and the typical values vs. charge currents are illustrated in Figure 8 in Typical
Characteristics.
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Application and Implementation (Continued)

Application Curves
(Schematic as shown in Figure 11)

5007 3 500/ 4 2.00A4 20 00ms/d 0.0s &L

== 500 2
v

IRECN-I———‘

SQVSW
‘IQIEAT ’
Figure 12. Startup from VBUS
(Vveus=5Y, Vear=3.8V, Icng=2A)
[ .

’r‘;"'”‘TM
T
op{TEAT L

Figure 14. ISET Short
(Vveus=5Y, Vear=3.8V, lcHc=2A)

1o0v/ 2 200 3 500V/ 4 2004/ 1000us/  -1000us s il

"

4 TBAT

Figure 16. RISET Floated from GND
(Vveus=9V, Vear=3.8V, Icne=2A)

.00/ 2 200 3 5007 4 20047 200 0us/  -400 Dus ELE

?IBAT4

Figure 13. ISET Released from Short
(Vveus=5Y, Vear=3.8V, Iche=2A)

100wy 2 200w 3 500N/ 40 200A/ 200.0us -404.0us [ £
v

Figure 15. RISET Pulled to GND from Floating
(Vveus=9V, VBar=3.8V, Ichc=2A)

100V 2 200 30 ADOW 4 20040 500.0ms/ 00s FiE
v

el ]

Figure 17. Input Over Voltage
(VVBUS=5V to 15V, Vgar=3.8V, ICHG=2A)
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PCB Layout Guideline

Appropriate PCB layout is important in the power supply design. Good PCB layout minimizes E noises, allows

good output voltage regulation and achieves higher efficiency. The following design considera e recommended:

o Decouple PMID, VBUS and REGN to GND on top layer and place decoupling capacit close to those pins

as possible. Always avoid vias if possible because they have parasitic inducta sistance. If vias are
inevitable, always use more than one vias in parallel to decrease parasitics for rac

e Connect GND pad to the ground plane on the bottom side with multipl r both heat dissipation and
electrical connection.
¢ Minimize switching SW node size and trace lengths and keep it awa

e An example of 2-layer PCB layout is shown in Figure 18.

A A

BAT traces.

D

Figure 18. 2-layer PCB Layout Example (20mm x 10mm)
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Packaging Information
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Revision History

Revision Date Change Description
Rev 0.5 12/25/2023 Initial Release
Rev 0.6 2/27/2024 RT1 =4.52 kQ, RT2 = 23.2 kQ on Page 14
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