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Stand-Alone Synchronous Switch-Mode Lithium Phosphate Battery Charger with Low I

Check for Samples: bq24620

FEATURES

300 kHz NMOS-NMOS Synchronous Buck
Converter

Stand-alone Charger Designed Specifically for
Lithium Phosphate

5V-28V VCC Operating Range, Support 1-7
Battery Cells

High-Accuracy Voltage and Current Regulation
— 0.5% Charge Voltage Accuracy

— 3% Charge Current Accuracy

Integration

— Internal Loop Compensation

— Internal Soft Start

Safety

— Input Over-Voltage Protection

— Battery Thermistor Sense Suspend Charge
at Hot/Cold Charge Suspend and
Automatically Icyarce/8 at WARM/COOL

— Battery Detection

— Built-in Safety Timer

— Charge Over-Current Protection
— Battery Short Protection

— Battery Over-Voltage Protection

APPLICATIONS

» Power Tool and Portable Equipment
» Personal Digital Assistants

» Handheld Terminals

* Industrial and Medical Equipment

* Netbook, Mobile Internet Device and
Ultra-Mobile PC

DESCRIPTION

The bg24620 is highly integrated switch-mode battery
charge controller designed specifically for Lithium
Phosphate battery. It offers a constant-frequency
synchronous PWM controller with high accuracy
current and voltage regulation, charge
preconditioning, termination, and charge status
monitoring.

The bg24620 charges the battery in three phases:
preconditioning, constant current, and constant
voltage. Charge is terminated when the current
reaches a minimum level. An internal charge timer
provides a safety backup. The bgq24620 automatically
restarts the charge cycle if the battery voltage falls
below an internal threshold, and enters a
low-quiescent current sleep mode when the input
voltage falls below the battery voltage.
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Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of Texas
Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.
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PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of the Texas
Instruments standard warranty. Production processing does not
necessarily include testing of all parameters.
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This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled with

A
Al

TYPICAL APPLICATION

appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.

ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may be more
susceptible to damage because very small parametric changes could cause the device not to meet its published specifications.
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Figure 1. Typical System Schematic
ORDERING INFORMATION
PART NUMBER IC MARKING PACKAGE ORDERING NUMBER QUANTITY
(Tape and Reel)
bq24620 OAR 16-Pin 3.5x3.5 mm QFN bq24620RVAR 3000
bq24620RVAT 250
PACKAGE THERMAL DATA®W
PACKAGE 03p 03a T = 25°C DERATING FACTOR
POWER RATING ABOVE Tp = 25°C

QFN - RVA @ 4.0°C/W 43.8°C/W 2.28W 0.0228 W/°C

(1) This data is based on using the JEDEC High-K board and the exposed die pad is connected to a Cu pad on the board. This is
connected to the ground plane by a 2x2 via matrix. 6;5 has 5% improvement by 3x3 via matrix.
(2) For the most current package and ordering information, see the Package Option Addendum at the end of this document, or see the Tl

Web site at www.ti.com.
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ABSOLUTE MAXIMUM RATINGS® @ @)
over operating free-air temperature range (unless otherwise noted)

VALUE UNIT

VCC, SRP, SRN, CE, STAT, PG -0.3t0 33 %

PH —21t0 36 \

VFB -0.3t0 16 \
Voltage range

REGN, LODRYV, TS -0.3t07 \

BTST, HIDRV with respect to GND -0.3t0 39 Y

VREF, ISET -0.3t03.6 \
Maximum difference voltage SRP-SRN -0.5t0 0.5 Y
Junction temperature range, T; —40 to 155 °C
Storage temperature range, Tgyg -55to 155 °C

(1) 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 under recommended operating
conditions is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

(2) All voltages are with respect to GND if not specified. Currents are positive into, negative out of the specified terminal. Consult Packaging
Section of the data book for thermal limitations and considerations of packages.

(3) Must have a series resistor between battery pack to VFB if Battery Pack voltage is expected to be greater than 16V. Usually the resistor
divider top resistor will take care of this.

RECOMMENDED OPERATING CONDITIONS

VALUE UNIT
VCC, SRP, SRN, CE, STAT, PG -0.3t0 28 \Y
PH —21t0 30 \Y
Voltage range VFB 031014 v
REGN, LODRV, TS -0.3t0 6.5 \%
BTST, HIDRV with respect to GND -0.3t0 34 \%
ISET -0.3t03.3 \Y
VREF 3.3 \%
Maximum difference voltage | SRP—SRN -0.21t0 0.2 \%
T; Junction temperature range 0to 125 °C
Tsig  Storage temperature range -55 to 155 °C
Copyright © 2010, Texas Instruments Incorporated Submit Documentation Feedback 3
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ELECTRICAL CHARACTERISTICS
5.0V £ V(VCC) £ 28V, 0°C<T,;<+125°C,typical values are at T,=25°C, with respect to GND unless otherwise noted

PARAMETER | TEST CONDITIONS \ MIN  TYP MAX | UNIT
OPERATING CONDITIONS
Vvce op VCC Input voltage operating range ‘ ‘ 5.0 28.0 ‘ \

QUIESCENT CURRENTS

Total battery discharge current (sum of
IgaT currents into VCC, BTST, PH, SRP, Vyee < Vsrn Vwee > Vuvio (SLEEP) 15 HA
SRN, VFB), VFB 2.1V
Vyvee > Vsrn Vvee > Vuvio CE = LOW (IC quiescent 1 15
current)
e Adapte_r supply current (current into Vyvee > sk Vvee >Vveclows CE = HIGH, charge 2 5 mA
VCC pin) done
Vvee > Vsrn Vvee >Vvecrows CE = HIGH, Charging, 12
Qg_total = 20 nC, Vycc=20V
CHARGE VOLTAGE REGULATION
Vg Feedback regulation voltage 1.8 \%
Charge voltage regulation accuracy T, =0C 1o 85°C —0.5% 0.5%
T; =-40°C to 125°C -0.7% 0.7%
Ives Input leakage current into VFB pin VFB =18V 100 nA
CURRENT REGULATION — FAST CHARGE
ViseT ISET voltage range 0 2 \%
ViReG_cHG SRP-SRN current sense voltage range | Vires _crc = Vsre — Vsr 0 100 mV
oo e on ey | Foee=10m0 : v
Virec_chc = 40 mV -3% 3%
Charge current regulation accuracy Vires_cre = 20 MY 4% 4%
ViReG_cHg = 5 mV —25% 25%
Viree_che = 1.5 MV (Vggy > 3.1V) -40% 40%
liseT Leakage current in to ISET Pin Viger=2V 100 nA
CURRENT REGULATION — PRECHARGE
Precharge current Rsense = 10 mQ, VFB < V| owy 50 125 200 mA
CHARGE TERMINATION
Termination current range Rsense = 10 mQ lcHarGe/10 A
Krer Ternjinaltion current set factor (amps qf 05 ANV
termination current per volt on ISET pin)
Viterm = 10 mV -10% 10%
Termination current accuracy Viterm = 5 mV —25% 25%
Viterm = 1.5 mV —45% 45%
eDc(iegg;ch time for termination (both 100 ms
touaL Termination qualification time Veat > Vrecn and Icparce < lterm 250 ms
louaL Termination qualification time Discharge current once termination is detected 2 mA
INPUT UNDER-VOLTAGE LOCK-OUT COMPARATOR (UVLO)
Vuvio AC under-voltage rising threshold Measure on VCC 3.65 3.85 4 \%
Vyvio_Hvs AC under-voltage hysteresis, falling 350 mV
VCC LOWV COMPARATOR
Falling threshold, disable charge Measure on VCC 4.1 \%
Rising threshold, resume charge 4.35 4.5 \%
SLEEP COMPARATOR (REVERSE DISCHARGING PROTECTION)
Vsieep FALL SLEEP falling threshold Vyce — Vsgrn to enter SLEEP 40 100 150 mV
VsLEEP HYS SLEEP hysteresis 500 mV
SLEEP rising delay VCC falling below SRN, delay to pull up PG 1 us
SLEEP falling delay VCC rising above SRN, delay to pull down PG 30 ms
SLEEP rising shutdown deglitch VCC falling below SRN, Delay to enter SLEEP mode 100 ms
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ELECTRICAL CHARACTERISTICS (continued)
5.0V £ V(VCC) £ 28V, 0°C<T,;<+125°C,typical values are at T,=25°C, with respect to GND unless otherwise noted

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
SLEEP falling powerup deglitch \n/]C(Z)dCerlsmg above SRN, Delay to come out of SLEEP 30 ms
BAT LOWV COMPARATOR
LOWV rising threshold (Precharge to .
Viowv Fast Charge) Measured on VFB pin 0.333 0.35 0.367 \%
Viowv Hys LOWV hysteresis 100 mV
LOWV rising deglitch VFB falling below V| owy 25 ms
LOWV falling deglitch VFB rising above Viowy + Viowv Hys 25 ms
RECHARGE COMPARATOR
Veeche \Fjec“)arge threshold (with respect to Measured on VFB pin 110 125 140 mv
REG.
Recharge rising deglitch VFB decreasing below Vgechg 10 ms
Recharge falling deglitch VFB increasing above Vrechg 10 ms
BAT OVER-VOLTAGE COMPARATOR
Vov_Rrise Over-voltage rising threshold As percentage of Vg 108%
Vov_FaLL Over-voltage falling threshold As percentage of Vg 105%
INPUT OVER-VOLTAGE COMPARATOR (ACQV)
Vacov AC over-voltage rising threshold on 31.04 32 3206 v
VvCC
Vacov_Hys AC over-voltage falling hysteresis 1000 mV
AC Over-Voltage Rising Deglitch Delay to changing the STAT pins 1 ms
AC Over-Voltage Falling Deglitch Delay to changing the STAT pins 1 ms
THERMAL SHUTDOWN COMPARATOR
Tshut Thermal shutdown rising temperature Temperature increasing 145 °C
Thermal shutdown hysteresis 15 °C
TsHuT Hys Thermal shutdown rising deglitch Temperature increasing 100 us
Thermal shutdown falling deglitch Temperature decreasing 10 ms
THERMISTOR COMPARATOR
Vit Cold temperature rising threshold Charger suspended below this temperature 72.5% 73.5% 74.5%
VLTE Hys Cold temperature hysteresis 0.2% 0.4% 0.6%
Vool Cool Temperature rising threshold Charger enabled, cuts back t0 lcuare/8 below this 70.2%  70.7% 71.2%
temperature
VeooL_Hys Cool temperature hysteresis 0.2% 0.6% 1.0%
VwarM Warm temperature rising threshold Charger cuts back t0 lcarce/8 above this 47.5% 48% 48.5%
temperature
VWARM_HYS Warm temperature hysteresis 1.0% 1.2% 1.4%
VytE Hot temperature rising threshold Chgrger suspended above this temperature before 36.2% 37% 37.8%
initiating charge
3 - Charger suspended above this temperature during o o o
Vtco Cut-off temperature rising threshold initiating charge 33.7% 34.4% 35.1%
Deglitch time for Temperature Out of
Raﬁge Detoction p Vs > Vite OF Vis < Vico, OF Vis < Vire 400 ms
Deglitch time for Temperature in Valid
Ragge Detection P V1s < Vite = VitF_Hys OF V1s >Vrco, OF Vrs > Vire 20 ms
Deglitch time for current reduction to
Icharce/8 due to warm or cool V1s > Vool Of Vrs < Vwarm 25 ms
temperature
Deglitch time to charge at Icpyarce from } }
Icharae/8 When resuming from warm or sz <VeooL - VeooL_hvs: OF Vrs > Viwarm 25 ms
cool temperatures WARM_HYS
Charge current due to warm or cool Vool < Vs < Vite, Of Vwarm < Vs < Vyrg, OF | /8
temperatures Vwarm < V1s < Vrco CHARGE
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ELECTRICAL CHARACTERISTICS (continued)
5.0V £ V(VCC) £ 28V, 0°C<T,;<+125°C,typical values are at T,=25°C, with respect to GND unless otherwise noted

PARAMETER | TEST CONDITIONS \ MIN  TYP MAX | UNIT
CHARGE OVER-CURRENT COMPARATOR (CYCLE-BY-CYCLE)
- g::r\r/c;:‘srzpr-iss;:g,\i/r;:::-;ycchronous mode, measure 455 mv
Charge over-current falling threshold
Current rising, as percentage of V(reg _cHe), in 160%

Voo synchronous mode, Vggp > 2.2V

Charge over-current threshold floor mg?ﬁg OC;CVP( St::_e;s;:l%isr;:);ngg\(;nous mode, 50 mV

Charge over-current threshold ceiling r'\rA]2:23?:102(\:/l;:{t_r:s,:])?lssi::zn;g{;) nous mode, 180 mvV
CHARGE UNDER-CURRENT COMPARATOR (CYCLE-BY-CYCLE)
VisyNSET Charge under-current falling threshold ‘ Switch from STNCH to NON-SYNCH, Vggp > 2.2 V 1 5 9 mV
BATTERY SHORTED COMPARATOR (BATSHORT)
Vearsir Egr;l:ssy:or:sgzleling threshold, forced Vrp falling 2 v
VBATSHT HYs BAT short rising hysteresis 200 mV
VBATSHT DEG Deglitch on both edge 1 us
LOW CHARGE CURRENT COMPARATOR
Vie Average low charge current falling Measure on Vsgrp.srn), forced into non-synchronous 1.05 mv

threshold mode
Vic Hys Low charge current rising hysteresis 1.25 mV
Vic pec Deglitch on both edge 1 us
VREF REGULATOR
VVREF REG VREF regulator voltage Vyee > Vuvio (0 — 35 mA Load) 3.267 3.3 3.333 \%
IVREF_LIM VREF current limit Vyrer = 0V, Vyce > Vuvio 35 mA

REGN REGULATOR
VREGN_REG REGN regulator voltage Vycc > 10V, CE = HIGH (0 — 40 mA Load) 5.7 6.0 6.3 \%
IREGN_LIM REGN current limit Vreen = 0V, Vyce > Vuvio 40 mA
SAFETY TIMER
TpRECHG Precharge safety timer range® Precharge time before fault occurs 1440 1800 2160 sec
TCHARGE Internal fast charge safety timer® 4.25 5 5.75 Hr
BATTERY DETECTION
twake Wake timer Max time charge is enabled 500 ms
lwake Wake Current Rsense = 10 mQ 50 125 200 mA
{DISCHARGE Discharge timer Max time discharge current is applied 1 sec
IDISCHARGE Discharge current mA
lEauLT Fault current after a timeout fault mA
Viwake Wake threshold (w.r.t. Vagg) %oall'i(agge on VFB to detect battery absent during 125 mv
Voisen Discharge threshold \éti:)slgiergoen VFB to detect battery absent during 0.35 v
PWM HIGH SIDE DRIVER (HIDRV)
Ros_Hi o :—Ielgir;tirl]dceedrlver (HSD) turn-on Versr — Vpy = 5.5V 33 6 Q
Rps_Hi_oFF High Side driver turn-off resistance Vgrst— Vpy =5.5V 1 13 Q
Verst ReFRESH Bootstrap refresh comparator threshold | Vgrst — Vpy When low side refresh pulse is a 4.2 v
= voltage requested

PWM LOW SIDE DRIVER (LODRYV)
Ros Lo on Ir-eoswisfellﬂiednver (LSD) turn-on a1 7 Q
Rps Lo _oFF Low side driver turn-off resistance 1 14 Q
PWM DRIVERS TIMING

Driver dead time Eg?gagrgf @Sgﬁ‘gﬁggg between LSD and HSD, 30 ns

(1) Verified by design
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ELECTRICAL CHARACTERISTICS (continued)
5.0V £ V(VCC) £ 28V, 0°C<T,;<+125°C,typical values are at T,=25°C, with respect to GND unless otherwise noted

‘ TEST CONDITIONS

PARAMETER \ MIN  TYP MAX | UNIT
PWM OSCILLATOR
Vravp HeigHT  PWM ramp height As percentage of VCC %
PWM switching frequency @ 255 300 345| kHz
INTERNAL SOFT START (8 steps to regulation current Icyarce)
Soft start steps 8 step
Soft start step time 1.6 ms
CHARGER SECTION POWER-UP SEQUENCING
Charge-enable delay after power-up al?lleclev);g??tm:egnCE = 1 to when the charger is 1.5 S
LOGIC IO PIN CHARACTERISTICS
Vin_Lo CE input low threshold voltage 0.8 \%
VIN_HI CE input high threshold voltage 2.1 \%
Vaias_ce CE input bias current V = 3.3 V (CE has internal 1MQ pulldown resistor) 6 pA
Vour Lo STAT, PG output low saturation voltage | Sink current = 5 mA 0.5 \%
lout_Hi Leakage Current V =32V 12 HA
(2) Verified by design
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TYPICAL CHARACTERISTICS

Table 1. Table of Graphs

Figure
REF REGN and PG Power Up (CE=1) Figure 2
Charge Enable Figure 3
Current Soft-Start (CE=1) Figure 4
Charge Disable Figure 5
Continuous Conduction Mode Switching Waveforms Figure 6
Cycle-by-Cycle Synchronous to Nonsynchronous Figure 7
Battery Insertion Figure 8
Battery to Ground Short Protection Figure 9
Efficiency vs Output Current Figure 10
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PIN FUNCTIONS

PIN
FUNCTION DESCRIPTION
NO. | NAME

1 |vCC IC power positive supply. Connect, through a 10 Q resistor to the common-source (diode-OR) point: source of
high-side P-channel MOSFET and source of reverse-blocking power P-channel MOSFET. Or connect through a 10 Q
resistor to the cathode of the input diode. Place a 1-uF ceramic capacitor from VCC to GND pin close to the IC.

2 |CE Charge-enable active-HIGH logic input. HI enables charge. LO disables charge. It has an internal IMQ pull-down
resistor.

3 | STAT Open-drain charge status pin to indicate various charger operation (See Table 3)

TS Temperature qualification voltage input for battery pack negative temperature coefficient thermistor. Program the hot
and cold temperature window with a resistor divider from VREF to TS to GND.

5 |PG Open-drain power-good status output. The transistor turns on when a valid VCC is detected. It is turned off in the
sleep mode. PG can be used to drive a LED or communicate with a host processor. It can be used to drive ACFET
and BATFET.

6 |VREF 3.3V regulated voltage output. Place a 1-uF ceramic capacitor from VREF to GND pin close to the IC. This voltage
could be used for programming of voltage and current regulation and for programming the TS threshold.

7 ISET Charge current set input. The voltage of ISET pin programs the charge current regulation, pre-charge current and
termination current set-point.

8 |VFB Output voltage analog feedback adjustment. Connect the output of a resistive voltage divider from the battery
terminals to this node to adjust the output battery regulation voltage.

9 |SRN Charge current sense resistor, negative input. A 0.1-uF ceramic capacitor is placed from SRN to SRP to provide
differential-mode filtering. An optional 0.1-pF ceramic capacitor is placed from SRN pin to GND for common-mode
filtering.

10 | SRP Charge current sense resistor, positive input. A 0.1-uF ceramic capacitor is placed from SRN to SRP to provide
differential-mode filtering. A 0.1-uF ceramic capacitor is placed from SRP pin to GND for common-mode filtering.

11 |GND Low-current sensitive analog/digital ground. On PCB layout, connect with PowerPad underneath the IC.

12 | REGN PWM low side driver positive 6V supply output. Connect a 1-uF ceramic capacitor from REGN to PGND pin, close to
the IC. Use for low side driver and high-side driver bootstrap voltage by connecting a small signal Schottky diode from
REGN to BTST.

13 | LODRV PWM low side driver output. Connect to the gate of the low-side power MOSFET with a short trace.

14 |PH PWM high side driver negative supply. Connect to the Phase switching node (junction of the low-side power MOSFET
drain, high-side power MOSFET source, and output inductor). Connect the 0.1uF bootstrap capacitor from PH to
BTST.

15 | HIDRV PWM high side driver output. Connect to the gate of the high-side power MOSFET with a short trace.

16 |BTST PWM high side driver negative supply. Connect to the Phase switching node (junction of the low-side power MOSFET
drain, high-side power MOSFET source, and output inductor). Connect the 0.1uF bootstrap capacitor from SW to
BTST

PowerPad | Exposed pad beneath the IC. Always solder PowerPad to the board, and have vias on the PowerPad plane
star-connecting to GND and ground plane for high-current power converter. It also serves as a thermal pad to
dissipate the heat.
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DETAILED DESCRIPTION
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Figure 11. Typical Charging Profile

BATTERY VOLTAGE REGULATION

The bg24620 uses a high accuracy voltage bandgap and regulator for the charging voltage. The charge voltage
is programmed via a resistor divider from the battery to ground, with the midpoint tied to the VFB pin. The
voltage at the VFB pin is regulated to 1.8V, giving Equation 1 for the regulation voltage:

Vgar = 18V x [1+E}
R1
@

where R2 is connected from VFB to the battery and R1 is connected from VFB to GND

BATTERY CURRENT REGULATION

The ISET1 input sets the maximum charging current. Battery current is sensed by resistor Rgg connected
between SRP and SRN. The full-scale differential voltage between SRP and SRN is 100mV. Thus, for a 10mQ
sense resistor, the maximum charging current is 10A. Equation 2 is for charge current

lCHARGE = _ ViseT
20 X RSR (2)

V\set, The input voltage range of ISET is between 0 and 2V. The SRP and SRN pins are used to sense voltage
across Rgg with default value of 10mQ. However, resistors of other values can also be used. A larger sense
resistor will give a larger sense voltage, a higher regulation accuracy; but, at the expense of higher conduction

loss.
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PRECHARGE

On power-up, if the battery voltage is below the V| owy threshold, the bg24620 applies 125mA to the battery®
The precharge feature is intended to revive deeply discharged cells. If the V| owy threshold is not reached within
30 minutes of initiating precharge, the charger turns off and a FAULT is indicated on the status pins.

CHARGE TERMINATION, RECHARGE, AND SAFETY TIMER

The bg24620 monitors the charging current during the voltage regulation phase. Termination is detected while
the voltage on the VFB pin is higher than the Vgecy threshold AND the charge current is less than the lyggy
threshold, which is 1/10" of programmed charge current, as calculated in Equation 3:

- MseT

rERM
200 X RSR (3)

As a safety backup, the bg24620 also provides an internal 5 hour charge timer for fast charge.

A new charge cycle is initiated when one of the following conditions occur:
» The battery voltage falls below the recharge threshold.

» A power-on-reset (POR) event occurs.

» CE is toggled.

POWER UP

The bg24620 uses a SLEEP comparator to determine the source of power on the VCC pin, since VCC can be
supplied either from the battery or the adapter. If the VCC voltage is greater than the SRN voltage, bq24620 will
enable the ACFET and disable BATFET. If all other conditions are met for charging, bq24620 will then attempt to
charge the battery (See Enabling and Disabling Charging). If the SRN voltage is greater than VCC, indicating
that the battery is the power source, bq24620 enters a low quiescent current (<15uA) SLEEP mode to minimize
current drain from the battery.

If VCC is below the UVLO threshold, the device is disabled.

ENABLE AND DISABLE CHARGING

The following conditions have to be valid before charge is enabled:

» CEis HIGH.

» The device is not in VCCLOWYV mode.

* The device is not in SLEEP mode (i.e., VCC > SRN) .

e The VCC voltage is lower than the AC over-voltage threshold (VCC < Vacov)-
» 30 ms delay is complete after initial power-up.

» The REGN LDO and VREF LDO voltages are at the correct levels.

e Thermal Shut (TSHUT) is not valid.

e TS fault is not detected.

One of the following conditions will stop on-going charging

» CEis LOW.

» Adapter is removed, causing the device to enter VCCLOWYV or SLEEP mode.

» Adapter voltage is less than 100mV above battery.

* Adapter is over voltage.

» The REGN or VREF LDOs are overloaded.

* TSHUT IC temperature threshold is reached (145°C on rising-edge with 15°C hysteresis).
e TS voltage goes out of range indicating the battery temperature is too hot or too cold.

» Safety timer times out.

(1) 125mA (assuming a 10mQ sense resistor. 1.25mV will be regulated across SRP-SRN, regardless of the value of the sense resistor.)
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AUTOMATIC INTERNAL SOFT-START CHARGER CURRENT

The charger automatically soft-starts the charger regulation current every time the charger goes into fast-charge
to ensure there is no overshoot or stress on the output capacitors or the power converter. The soft-start consists
of stepping-up the charge regulation current into 8 evenly divided steps up to the programmed charge current.
Each step lasts around 1.6ms, for a typical rise time of 12.8ms. No external components are needed for this
function.

CONVERTER OPERATION

The synchronous buck PWM converter uses a fixed frequency voltage mode with feed-forward control scheme. A
type lll compensation network allows using ceramic capacitors at the output of the converter. The compensation
input stage is connected internally between the feedback output (FBO) and the error amplifier input (EAI). The
feedback compensation stage is connected between the error amplifier input (EAI) and error amplifier output
(EAO). The LC output filter is selected to give a resonant frequency of 10 kHz — 15 kHz for bg24620, where
resonant frequency, f,, is given by:

1
fo =
2n[L,C, @

An internal saw-tooth ramp is compared to the internal EAO error control signal to vary the duty-cycle of the
converter. The ramp height is 7% of the input adapter voltage making it always directly proportional to the input
adapter voltage. This cancels out any loop gain variation due to a change in input voltage, and simplifies the loop
compensation. The ramp is offset by 300mV in order to allow zero percent duty-cycle when the EAO signal is
below the ramp. The EAO signal is also allowed to exceed the saw-tooth ramp signal in order to get a 100%
duty-cycle PWM request. Internal gate drive logic allows achieving 99.95% duty-cycle while ensuring the
N-channel upper device always has enough voltage to stay fully on. If the BTST pin to PH pin voltage falls below
4.2V for more than 3 cycles, then the high-side n-channel power MOSFET is turned off and the low-side
n-channel power MOSFET is turned on to pull the PH node down and recharge the BTST capacitor. Then the
high-side driver returns to 100% duty-cycle operation until the (BTST-PH) voltage is detected to fall low again
due to leakage current discharging the BTST capacitor below the 4.2 V, and the reset pulse is reissued.

The fixed frequency oscillator keeps tight control of the switching frequency under all conditions of input voltage,
battery voltage, charge current, and temperature, simplifying output filter design and keeping it out of the audible
noise region. Also see Application Information for how to select Inductor, capacitor and MOSFET.

SYNCHRONOUS AND NON-SYNCHRONOUS OPERATION

The charger operates in synchronous mode when the SRP-SRN voltage is above 5mV (0.5A inductor current for
a 10mQ sense resistor). During synchronous mode, the internal gate drive logic ensures there is
break-before-make complimentary switching to prevent shoot-through currents. During the 30ns dead time where
both FETs are off, the body-diode of the low-side power MOSFET conducts the inductor current. Having the
low-side FET turn-on keeps the power dissipation low, and allows safely charging at high currents. During
synchronous mode the inductor current is always flowing and converter operates in continuous conduction mode
(CCM), creating a fixed two-pole system.

The charger operates in non-synchronous mode when the SRP-SRN voltage is below 5mV (0.5A inductor
current for a 10mQ sense resistor). The charger is forced into non-synchronous mode when battery voltage is
lower than 2V or when the average SRP-SRN voltage is lower than 1.25mV.

During non-synchronous operation, the body-diode of lower-side MOSFET can conduct the positive inductor
current after the high-side n-channel power MOSFET turns off. When the load current decreases and the
inductor current drops to zero, the body diode will be naturally turned off and the inductor current will become
discontinuous. This mode is called Discontinuous Conduction Mode (DCM). During DCM, the low-side n-channel
power MOSFET will turn-on for around 80ns when the bootstrap capacitor voltage drops below 4.2V, then the
low-side power MOSFET will turn-off and stay off until the beginning of the next cycle, where the high-side power
MOSFET is turned on again. The 80ns low-side MOSFET on-time is required to ensure the bootstrap capacitor is
always recharged and able to keep the high-side power MOSFET on during the next cycle. This is important for
battery chargers, where unlike regular dc-dc converters, there is a battery load that maintains a voltage and can
both source and sink current. The 80ns low-side pulse pulls the PH node (connection between high and low-side
MOSFET) down, allowing the bootstrap capacitor to recharge up to the REGN LDO value. After the 80ns, the
low-side MOSFET is kept off to prevent negative inductor current from occurring.
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At very low currents during non-synchronous operation, there may be a small amount of negative inductor
current during the 80ns recharge pulse. The charge should be low enough to be absorbed by the input
capacitance. Whenever the converter goes into zero percent duty-cycle, the high-side MOSFET does not turn on,
and the low-side MOSFET does not turn on (only 80ns recharge pulse) either, and there is almost no discharge
from the battery.

During the DCM mode the loop response automatically changes and has a single pole system at which the pole
is proportional to the load current, because the converter does not sink current, and only the load provides a
current sink. This means at very low currents the loop response is slower, as there is less sinking current
available to discharge the output voltage.

CYCLE-BY-CYCLE CHARGE UNDER CURRENT

If the SRP-SRN voltage decreases below 5mV (The charger is also forced into non-synchronous mode when the
average SRP-SRN voltage is lower than 1.25mV), the low side FET will be turned off for the remainder of the
switching cycle to prevent negative inductor current. During DCM, the low-side FET will only turn on for at around
80ns when the bootstrap capacitor voltage drops below 4.2V to provide refresh charge for the bootstrap
capacitor. This is important to prevent negative inductor current from causing a boost effect in which the input
voltage increases as power is transferred from the battery to the input capacitors and lead to an over-voltage
stress on the VCC node and potentially cause damage to the system.

INPUT OVER VOLTAGE PROTECTION (ACOQV)

ACOV provides protection to prevent system damage due to high input voltage. Once the adapter voltage
reaches the ACOV threshold, charge is disabled and the battery is switched to system instead of adapter.

INPUT UNDER VOLTAGE LOCK OUT (UVLO)

The system must have a minimum VCC voltage to allow proper operation. This VCC voltage could come from
either input adapter or battery, if a conduction path exists from the battery to VCC through the high side NMOS
body diode. When VCC is below the UVLO threshold, all circuits in the IC are disabled.

BATTERY OVER-VOLTAGE PROTECTION

The converter will not allow the high-side FET to turn-on until the BAT voltage goes below 105% of the regulation
voltage. This allows one-cycle response to an over-voltage condition — such as occurs when the load is removed
or the battery is disconnected. An 8mA current sink from SRP/SRN to PGND is on only during charge and allows
discharging the stored output inductor energy that is transferred to the output capacitors. BATOVP will also
suspend the safety timer.

CYCLE-BY-CYCLE CHARGE OVER-CURRENT PROTECTION

The charger has a secondary cycle-to-cycle over-current protection. It monitors the charge current, and prevents
the current from exceeding 160% of the programmed charge current. The high-side