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bg2417x 1.6-MHz Synchronous Switched-Mode Li-lon and Li-Polymer Stand-Alone Battery
Charger With Integrated MOSFETs and Power Path Selector

1 Features — #4% Input Current Regulation
« 1.6-MHz Synchronous Switched-Mode Charger * <15-pA Battery Current With Adapter Removed
with 4-A Integrated N-MOSFETs * <1.5-mA Input Current With Adapter Present and

» Up to 94% Efficiency Charge Disabled

e 30-V Input Rating with Adjustable Overvoltage

Protection 2 Applications
- 4.5-V to 17-V Input Operating Voltage Range * Tablet PCs
+ Battery Charge Voltage » Portable Data Capture Terminals
— bQg24170: 1-, 2-, or 3-Cell with 4.2 V/Cell * Portable Printers
— bg24172: Adjustable Charge Voltage * Medical Diagnostics Equipment

e Battery Bay Chargers
» Battery Backup Systems

* High Integration

Automatic Power Path Selector Between
Adapter and Battery

Dynamic Power Management
Integrated 20-V Switching MOSFETs

3 Description

The bg2417x device is a highly integrated stand-
alone Li-lon and Li-Polymer switched-mode battery

Integrated Bootstrap Diode
Internal Digital Soft Start

Safety

Thermal Regulation Loop Throttles Back
Current to Limit T; = 120°C

Thermal Shutdown

Battery Thermistor Sense Hot/Cold Charge
Suspend and Battery Detect

Adjustable Input Overvoltage Protection
Cycle-by-Cycle Current Limit

Accuracy

+0.5% Charge Voltage Regulation
+4% Charge Current Regulation

charger with two integrated N-channel power
MOSFETs. The device offers a constant-frequency
synchronous PWM controller with high-accuracy
regulation of input current, charge current, and
voltage. The bg2417x closely monitors the battery
pack temperature to allow charge only in a preset
temperature window. The bg24170 charges one, two,
or three cells (selected by CELL pin), and the
bg24172 is adjustable for up to three series Li+ cells.

Device Information®

PART NUMBER PACKAGE BODY SIZE (NOM)
bq24170
VQFN (24) 5.50 mm x 3.50 mm
bq24172

(1) For all available packages, see the orderable addendum at
the end of the data sheet.

Typical Application Schematic
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4 Revision History

Changes from Revision B (April 2011) to Revision C Page

« Added ESD Ratings table, Feature Description section, Device Functional Modes, Application and Implementation
section, Power Supply Recommendations section, Layout section, Device and Documentation Support section, and
Mechanical, Packaging, and Orderable INformation SECHON ...........ouuiiii i e e 1

Changes from Revision A (November 2010) to Revision B Page

e Changed FEATURES third bullet to 30-V Input Rating with Adjustable Overvoltage Protection and added sub-bullet:
4.5-V 10 17-V Input Operating VOIRAGE RANGE.........ccuiiiii et e et e e e e e e s st e e e e s et e e e e e s atbereeesaataeaeaean 1

* Added a new paragraph in DESCRIPTION on page 2, second paragraph

¢ Deleted last sentence in Pin NO. 19, DeSCHPION COIUMIN........uiiiiiiiiiiie ettt e e e e e e e s sibte e e e s e sneeeeeeennees

¢ Added 2nd row in the ABS MAX TABLE, moving AVCC,....STAT from first row to second row and adding -0.3 to 30
in Value column. Also moved ACDRYV t0 thiS rOW frOM NEXE FOW .......iiuiiiieiiiiiiie ettt eieee e e e e e e sbbae e e e ssaaeeeaeenes

¢ Changed RECOMMENDED OPERATING CONDITIONS Output current row, MIN column from 600 to 0.6

¢ Changed MIN and MAX columns from 1.55 to 1.57, and 1.65 to 1.63 in first row under INPUT OVER-VOLTAGE
COMPARATOR (ACOV) section in ELECTRICAL CHARACTERISTICS table.......ccoooiiiiieeeiee e 9

e Changed MIN, TYP, MAX column from 0.45 to 0.487, 0.5 to 0.497 and 0.55 to 0.507 in first row under INPUT
UNDER-VOLTAGE COMPARATOR (ACUV) section in ELECTRICAL CHARACTERISTICS table.......ccccceeiiiiieeeieien.

« Added paragraph to INPUT FILTER DESIGN section
¢ Added diode between BTST and REGN pins in Figure 23
¢ Added diode between BTST and REGN pins in Figure 25

Changes from Original (November 2010) to Revision A Page
e Changed status from product preview t0 ProduCHION GALA...........c.cuiuuiiiiiiiiiiee et e e e e e e enees 1
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5 Description (continued)
The device charges the battery in three phases: precondictioning, constant current, and constant voltage.

Charge is terminated when the current reaches 10% of the fast charge rate. A programmable charge timer offers
a safety backup. The bq2417x 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.

The bg2417x features Dynamic Power Management (DPM) to reduce the charge current when the input power
limit is reached to avoid overloading the adapter. A highly accurate current-sense amplifier enables precise
measurement of input current from adapter to monitor overall system power.

The bg2417x provides power path selector gate driver ACDRV/CMSRC on input NMOS pair ACFET (Q1) and
RBFET (Q2), and BATDRYV on a battery PMOS device (Q3). When the qualified adapter is present, the system is
directly connected to the adapter. Otherwise, the system is connected to the battery. In addition, the power path
prevents battery from boosting back to the input.

The bg2417x charges a battery from a DC source as high as 17 V, including a car battery. The input overvoltage
limit is adjustable through the OVPSET pin. The AVCC, ACP, and ACN pins have a 30-V rating. When a high-
voltage DC source is inserted, Q1 and Q2 remain off to avoid high voltage damage to the system.

For 1-cell applications, if the battery is not removable, the system can be directly connected to the battery to
simplify the power path design and reduce the cost. With this configuration, the battery can automatically
supplement the system load if the adapter is overloaded.

The bg2417x is available in a 24-pin, 5.5-mm x 3.5-mm thin VQFN package.

6 Device Comparison Table

INPUT VOLTAGE MAX CHARGE RATE BATTERY VOLTAGE JEITA
bq24133 25A 4.2 Vicell No
bq24170 4.2 Vicell No
45Vtol7V -
bq24171 4 A Adjustable Yes
bq24172 Adjustable No
Copyright © 2010-2015, Texas Instruments Incorporated Submit Documentation Feedback 3
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7 Pin Configuration and Functions

RGY Package
24-Pin VQFN
Top View

PVCC
PvCC
AVCC
ACN
ACP
CMSRC
ACDRV
STAT
TS

TTC

PGND
PGND
BTST
REGN
BATDRV
OVPSET
ACSET
SRP
SRN
CELL/FB

SECICACCICCACICAC)
AR EREEEF R R

Pin Functions

PIN

NAME NO.

TYPE

DESCRIPTION

ACDRV 8

AC adapter to system switch driver output. Connect to 4-kQ resistor then to the gate of the ACFET N-
channel power MOSFET and the reverse conduction blocking N-channel power MOSFET. Connect both
FETs as common-source. The internal gate drive is asymmetrical, allowing a quick turnoff and slower
turnon in addition to the internal break-before-make logic with respect to the BATDRV.

ACN 5

Adapter current sense resistor negative input. A 0.1-pF ceramic capacitor is placed from ACN to ACP to
provide differential-mode filtering. An optional 0.1-uF ceramic capacitor is placed from ACN pin to AGND
for common-mode filtering.

ACP 6

P/

Adapter current sense resistor positive input. A 0.1-yuF ceramic capacitor is placed from ACN to ACP to
provide differential-mode filtering. A 0.1-pF ceramic capacitor is placed from ACP pin to AGND for
common-mode filtering.

ACSET 17

Input current set point. Use a voltage divider from VREF to ACSET to AGND to set this value:

- VacseT
PPMT 20 xR e

Thermal

AGND Pad

Exposed pad beneath the IC. Always solder Thermal Pad to the board, and have vias on the Thermal
Pad plane star-connecting to AGND and ground plane for high-current power converter. It dissipates the
heat from the IC.

AVCC 4

IC power positive supply. Place a 1-uF ceramic capacitor from AVCC to AGND and place it as close as
possible to IC. Place a 10-Q resistor from input side to AVCC pin to filter the noise. For 5-V input, a 5-Q
resistor is recommended.

BATDRV 19

Battery discharge MOSFET gate driver output. Connect to 1-kQ resistor to the gate of the BATFET P-
channel power MOSFET. Connect the source of the BATFET to the system load voltage node. Connect
the drain of the BATFET to the battery pack positive node. The internal gate drive is asymmetrical to
allow a quick turnoff and slower turnon, in addition to the internal break-before-make logic with respect to
ACDRV.

BTST 21

PWM high-side driver positive supply. Connect the 0.047-uF bootstrap capacitor from SW to BTST.

CELL

14
FB

(bg24170) Cell selection pin. Set CELL pin LOW for 1-cell, Float for 2-cell (0.8 V - 1.8 V), and HIGH for 3-
cell with a fixed 4.2 V per cell.

(bg24172) Charge voltage analog feedback adjustment. Connect the output of a resistor divider powered
from the battery terminals to VFB to AGND. Output voltage is regulated to 2.1 V on FB pin during
constant-voltage mode.

CMSRC 7

Connect to common source of N-channel ACFET and reverse blocking MOSFET (RBFET). Place 4-kQ
resistor from CMSRC pin to the common source of ACFET and RBFET to control the turnon speed. The
resistance between ACDRV and CMSRC should be 500 kQ or bigger.
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Pin Functions (continued)

PIN

NAME

NO.

TYPE

DESCRIPTION

ISET

13

Fast charge current set point. Use a voltage divider from VREF to ISET to AGND to set the fast charge
current:

I - \/|SET
CHG ™ 20 xRgg

The precharge and termination current is internally as one tenth of the charge current. The charger is
disabled when ISET pin voltage is below 40 mV and enabled when ISET pin voltage is above 120 mV.

OVPSET

18

Valid input voltage set point. Use a voltage divider from input to OVPSET to AGND to set this voltage.
The voltage above internal 1.6-V reference indicates input overvoltage, and the voltage below internal
0.5-V reference indicates input undervoltage. In either condition, charge terminates, and input NMOS pair
ACFET/RBFET turn off. LED driven by STAT pin keeps blinking, reporting fault condition.

PGND

22,23

Power ground. Ground connection for high-current power converter node. On PCB layout, connect
directly to ground connection of input and output capacitors of the charger. Only connect to AGND
through the Thermal Pad underneath the IC.

PvCC

2,3

Charger input voltage. Connect at least 10-puF ceramic capacitor from PVCC to PGND and place it as
close as possible to IC.

REGN

20

PWM low-side driver positive 6-V supply output. Connect a 1-uF ceramic capacitor from REGN to PGND
pin, close to the IC. Generate high-side driver bootstrap voltage by integrated diode from REGN to BTST.

SRN

15

Charge current sense resistor negative 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 SRN pin to AGND for
common-mode filtering.

SRP

16

1P

Charge current sense resistor, positive input. A 0.1-yF 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 AGND for
common-mode filtering.

STAT

Open-drain charge status pin with 10-kQ pullup to power rail. The STAT pin can be used to drive LED or
communicate with the host processor. It indicates various charger operations: LOW when charge in
progress. HIGH when charge is complete or in SLEEP mode. Blinking at 0.5 Hz when fault occurs,
including charge suspend, input overvoltage, timer fault and battery absent.

SW

1,24

Switching node, charge current output inductor connection. Connect the 0.047-uF bootstrap capacitor
from SW to BTST.

TS

10

Temperature qualification voltage input. Connect a negative temperature coefficient thermistor. Program
the hot and cold temperature window with a resistor divider from VREF to TS to AGND. The temperature
gualification window can be set to 5-40°C or wider. The 103AT thermistor is recommended.

TTC

11

Safety Timer and termination control. Connect a capacitor from this node to AGND to set the fast charge
safety timer(5.6 min/nF). Precharge timer is internally fixed to 30 minutes. Pull the TTC to LOW to disable
the charge termination and safety timer. Pull the TTC to HIGH to disable the safety timer but allow the
charge termination.

VREF

12

3.3-V reference voltage output. Place a 1-yF ceramic capacitor from VREF to AGND pin close to the IC.
This voltage could be used for programming ISET and ACSET and TS pins. It may also serve as the
pullup rail of STAT pin and CELL pin.

Copyright © 2010-2015, Texas Instruments Incorporated
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8 Specifications
8.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted) V@
MIN MAX UNIT
PVCC -0.3 20
AVCC, ACP, ACN, ACDRYV, CMSRC, STAT -0.3 30
BTST -0.3 26
_ BATDRYV, SRP, SRN -0.3 20
Xgﬁg)e (with respect to SW - 20 Vv
FB (bq24172) -0.3 16
OVPSET, REGN, TS, TTC, CELL (bq24170) -0.3 7
VREF, ISET, ACSET -0.3 3.6
PGND -0.3 0.3
Maximum difference voltage | SRP—-SRN, ACP-ACN -0.5 0.5 \%
Junction temperature, T, -40 155 °C
Storage temperature, Tgyg -55 155 °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.

8.2 ESD Ratings

VALUE UNIT
Human body model (HBM), per ANSI/ESDA/JEDEC JS-001(® 1000
Vesp)  Electrostatic discharge Charg(ze)d device model (CDM), per JEDEC specification JESD22- 250 \
C101

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.

8.3 Recommended Operating Conditions

MIN MAX | UNIT
Input voltage VN 45 17 \Y
Output voltage Vout 135 \%
Output current (Rsg 10 mQ) lout 0.6 4 A
. . ACP — ACN -200 200
Maximum difference voltage mV
SRP — SRN -200 200
Operation free-air temperature, Ta -40 85 °C

8.4 Thermal Information

bq2417x
THERMAL METRIC® RGY [VQFN] UNIT
24 PINS
Rgia Junction-to-ambient thermal resistance 35.7
Wit Junction-to-top characterization parameter 0.4 °C/W
Wis Junction-to-board characterization parameter 31.2

(1) For more information about traditional and new thermal metrics, see the IC Package Thermal Metrics application report, SPRA953.
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8.5 Electrical Characteristics

4.5V < V(PVCC, AVCC) £17 V, -40°C < T; + 125°C, typical values are at T, = 25°C, with respect to AGND (unless

otherwise noted)

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX ‘ UNIT
OPERATING CONDITIONS
AVCC input voltage operating range during
Vavee_op charging 4.5 17 \4
QUIESCENT CURRENTS
Vavee > Vuvio, Vsrn > Vavee (SLEEP), Ty = 15
0°C to 85°C
BTST, SW, SRP, SRN, Vayce > Vuvio, Vavee
| Battery discharge current (sum of currents into | > Vggry, ISET <40 mV, Vgar=12.6 V, Charge 25 A
BAT AVCC, PVCC, ACP, ACN) disabled H
BTST, SW, SRP, SRN, Vavcc > Vuvios Vavee
> Vggn, ISET > 120 mV, Vpar=12.6 V, Charge 25
done
Vavee > Vuvios Yavee > Vsra, ISET <40 mV, 12 15
Vgat=12.6 V, Charge disabled ' :
| Adapter supply current (sum of current into Vavee > Vuvios Vavee > Vsrns ISET > 120 25 5 mA
AC AVCC,ACP, ACN) mV, Charge enabled, no switching :
Vavee > Vuvios Vavee > Vs, ISET > 120 150
mV, Charge enabled, switching
CHARGE VOLTAGE REGULATION
CELL to AGND, 1 cell, measured on SRN 4.2 \Y
VBAT REG SRN regulation voltage (bq24170) CELL floating, 2 cells, measured on SRN 8.4 \%
CELL to VREF, 3 cells, measured on SRN 12.6 \%
Ves Rrec Feddback regulation voltage (bq24172) Measured on FB 2.1 \%
. T;=0°C to 85°C -0.5% 0.5%
Charge voltage regulation accuracy
T; =-40°C to 125°C -0.7% 0.7%
155 Leakage current into FB pin (bq24172) Veg = 2.1V 100 nA
CURRENT REGULATION — FAST CHARGE
ViseT ISET Voltage Range Rsense = 10 mQ 0.12 0.8 \%
Charge Current Set Factor (Amps of Charge _
Kiser Current per Volt on ISET pin) Rsense = 10 mQ 5 AN
Verp-sry = 40 mV 4% 4%
Charge Current Regulation Accuracy _ o o
(with Schottky diode on SW) Vsre-sry = 20 MV —7% %
Vsrp.sry = 5 MV —-25% 25%
ViseT cp Charge Disable Threshold ISET falling 40 50 mV
ViseT ce Charge Enable Threshold ISET rising 100 120 mvV
liseT Leakage Current into ISET VISET =2V 100 nA
INPUT CURRENT REGULATION
Input DPM Current Set Factor (Amps of Input _
Kopm Current per Volt on ACSET) Rsense = 10mQ 5 AN
Vacp-acn = 80 mV 4% 4%
Vacp.acn = 40 mV -9% 9%
Input DPM Current Regulation Accuracy _ oo o
(with Schottky diode on SW) Vacp-acn = 20 MV 15% 15%
Vacp-acn = 5 mV —20% 20%
Vacp-acn = 2.5 mV -40% 40%
IacseT Leakage Current into ACSET pin Vacser = 2V 100 nA
CURRENT REGULATION — PRECHARGE
KiprRECHG Precharge current set factor Percentage of fast charge current 10%®@
] Vsrp.sry = 4 MV —-25% 25%
Precharge current regulation accuracy
Vsrp-srn = 2 MV -40% 40%
CHARGE TERMINATION
Krerm Termination current set factor Percentage of fast charge current 10%®@

(1) Specified by design.

(2) The minimum current is 120 mA on 10-mQ sense resistor.
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Electrical Characteristics (continued)

45V < V(PVCC, AVCC) <17V, —40°C < T, + 125°C, typical values are at T, = 25°C, with respect to AGND (unless

otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Termination current regulation accuracy Vsre-srn = 4 MV ~25% 25%
Vsrp-srn = 2 MV —40% 40%
trerm_DEG Deglitch time for termination (both edges) 100 ms
touaL Termination qualification time Vsrn > Vrech and Icyg < lterm 250 ms
louaL Termination qualification current Séstgggge current once termination is 2 mA
INPUT UNDERVOLTAGE LOCKOUT COMPARATOR (UVLO)
Vuvio AC undervoltage rising threshold Measure on AVCC 3.4 3.6 3.8 \%
Vuvio Hys AC undervoltage hysteresis, falling Measure on AVCC 300 mV
SLEEP COMPARATOR (REVERSE DISCHARGING PROTECTION)
Vsieep SLEEP mode threshold Vavee — Vsry falling 50 90 150 mV
VSLEEP HYS SLEEP mode hysteresis Vavee — Vsry fising 200 mV
tSLEEP_FALL_CD SLEEP deglitch to disable charge Vavee — Vsgry falling 1 ms
SLEEP_FALL_FETOFF SLEEP deglitch to turn off input FETs Vavee — Vsgry falling 5 ms
s
tsLEEP_PWRUP Deglitch to exit SLEEP mode, and enable VREF | Vaycc — Vsry rising 30 ms
ACN-SRN COMPARATOR
VACN-SRN Threshold to turn on BATFET Vacn-sr falling 150 220 300 mV
VACN-SRN_HYS Hysteresis to turn off BATFET Vacn-srn Mising 100 mV
tBATFETOFF_DEG Deglitch to turn on BATFET Vacn-srn falling 2 ms
tBATFETON_DEG Deglitch to turn off BATFET Vacn-srn fising 50 us
BAT LOWV COMPARATOR
2%2'\411170, CELL to AGND, 1 cell, measure on 287 29 203
Viowv Precharge to fast charge transition ts)%z'\?lmy Gt Toating, 2 cels measure on >4 >8 >80 \%
2%2'\411170, CELL to VREF, 3 cells, measure on 8.61 8.7 8.79
bg24172, measure on FB 1.43 1.45 1.47
2%2'\411170, CELL to AGND, 1 cell, measure on 200
bg24170, CELL floating, 2 cells, measure on 400
Viowv_Hys Fast charge to precharge hysteresis SRN mv
2%2'3170, CELL to VREF, 3 cells, measure on 600
bg24172, measure on FB 100
tpre2tas V| owv rising deglitch Delay to start fast charge current 25 ms
trastopre V, owv falling deglitch Delay to start precharge current 25 ms
RECHARGE COMPARATOR
tsngezl\?ﬂa CELL to AGND, 1 cell, measure on 70 100 130
Recharge Threshold, below regulation voltage | P424170, CELL floating, 2 cells, measure on 140 200 260
VRecHG Ii?iSAK%%7REG'VSRN (bg24170), or Vg rec-Vrs SRN mv
(b 2%2'31170, CELL to VREF, 3 cells, measure on 210 300 390
bg24172, measure on FB 35 50 65
tRECH_RISE_DEG VRecHe fising deglitch VFB decreasing below Vgeche 10 ms
tRECH_FALL_DEG VrecHe falling deglitch VFB increasing above Vrechg 10 ms
BAT OVERVOLTAGE COMPARATOR
Vov_rise Overvoltage rising threshold CiB’js;egggjl%fz\)/B“—REG (bg24170) or 104%
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Electrical Characteristics (continued)

45V < V(PVCC, AVCC) <17V, —40°C < T, + 125°C, typical values are at T, = 25°C, with respect to AGND (unless

otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
' As percentage of Vsry (0g24170) or Vi reg o
Vov FaLL Overvoltage falling threshold (bq24172) - 102%
INPUT OVERVOLTAGE COMPARATOR (ACOV)
Vacov AC Overvoltage Rising Threshold to turn off OVPSET rising 157 16 1.63 v
ACFET
Vacov Hys AC overvoltage falling hysteresis OVPSET falling 50 mV
AC Overvoltage Rising Deglitch to turn off .
tacov_RisE_DEG ACFET and Disable Charge OVPSET rising 1 HS
tacoy FALL DEG AC Overvoltage Falling Deglitch to turn on OVPSET falling 30 ms
-k ACFET
INPUT UNDERVOLTAGE COMPARATOR (ACUV)
Vacoy AC Undervoltage Falling Threshold to turn off OVPSET falling 0.487 0497 0507 v
ACFET
Vacuv_Hys AC Undervoltage Rising Hysteresis OVPSET rising 100 mVv
AC Undervoltage Falling Deglitch to turn off .
tacov_FaLL_pEG ACFET and Disable Charge OVPSET falling 1 HS
facoy RISE DEG AC Undervoltage Rising Deglitch to turn on OVPSET rising 30 ms
—RISE ACFET
THERMAL REGULATION
T rec Junction Temperature Regulation Accuracy ISET > 120 mV, Charging 120 °C
THERMAL SHUTDOWN COMPARATOR
Tshut Thermal shutdown rising temperature Temperature rising 150 °C
TsHut Hys Thermal shutdown hysteresis Temperature falling 20 °C
tsHUT RISE_DEG Thermal shutdown rising deglitch Temperature rising 100 us
tSHUT_FALL DEG Thermal shutdown falling deglitch Temperature falling 10 ms
THERMISTOR COMPARATOR
Cold Temperature Threshold, TS pin Voltage Charger suspends charge. As percentage to o o o
Vite Rising Threshold Vorer 725% 73.5% 74.5%
Vire s Eglll?n;emperature Hysteresis, TS pin Voltage As percentage to Vyrer 0.2% 0.4% 0.6%
Hot Temperature TS pin voltage risin
Vure Thresholz P 9 9 As percentage to Vyrer 46.6% 47.2% 48.8%
Vreo Cut-off Temperature TS pin voltage falling As percentage 1o Vyer 442%  44.7%  45.2%
Threshold
t Deglitch time for Temperature Out of Range V1s > Vi 1F, O V1 < V1o, OF 20 ms
TS_CHG_SUS Detection Vs < Vure
t Deglitch time for Temperature in Valid Range V1s < Vite = VLTF_Hys OF Vs >Vico, Of Vg > 200 ms
TS_CHG_RESUME Detection Vire
CHARGE OVERCURRENT COMPARATOR (CYCLE-BY-CYCLE)
Vocp cHrRG gga\r/ge Overcurrent Rising Threshold, Vsge > Current as percentage of fast charge current 160%
Voce_MiN Charge Overcurrent Limit Min, Vggp < 2.2 V Measure Vsgp.sry 45 mV
Vocp_max Charge Overcurrent Limit Max, Vsgp > 2.2 V Measure Vsgp.srn 75 mV
HSFET OVERCURRENT COMPARATOR (CYCLE-BY-CYCLE)
loce HsFeT Current limit on HSFET | Measure on HSFET 8 115 | A
CHARGE UNDERCURRENT COMPARATOR (CYCLE-BY-CYCLE)
Vycp Charge undercurrent falling threshold ‘ Measure on V(sgp.srn) 1 5 9 ‘ mV
BAT SHORT COMPARATOR
VBATSHT Battery short falling threshold Measure on SRN 2 \
VBATSHT HYS Battery short rising hysteresis Measure on SRN 200 mV
tgATSHT DEG Deglitch on both edges 1 us
VBATSHT Charge Current during BATSHORT Percentage of fast charge current 10%®@
VREF REGULATOR
VVREF REG VREF regulator voltage Vavee > Vuvio, No load 3.267 3.3 3333 \%
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Electrical Characteristics (continued)

45V < V(PVCC, AVCC) <17V, —40°C < T, + 125°C, typical values are at T, = 25°C, with respect to AGND (unless

otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
IVREF_LIM VREF current limit Vyrer = 0V, Vavee > Vuvio 35 90 mA
REGN REGULATOR
VREGN_REG REGN regulator voltage Vavee > 10V, ISET > 120 mV 5.7 6 6.3 \%
IREGN_LIM REGN current limit Vgeeon = 0V, Vayee > 10 v, ISET > 120 mV 40 120 mA
TTC INPUT
torechrg Precharge Safety Timer Precharge time before fault occurs 1620 1800 1980 s
tastchrg Fast Charge Timer Range Teng = Crrc*Krre 1 10 hr
Fast Charge Timer Accuracy -10% 10%
Krre Timer Multiplier 5.6 min/nF
Ve Low TTC Low Threshold TTC falling 0.4 \%
lt1c TTC Source/Sink Current 45 50 55 HA
V11c_osc Hi TTC oscillator high threshold 15 \%
V11c_osc Lo TTC oscillator low threshold 1 \%
BATTERY SWITCH (BATFET) DRIVER
Rps BaT oFfF BATFET Turnoff Resistance Vavee > 5V 100 Q
Rps BaT on BATFET Turnon Resistance Vavee > 5V 20 kQ
VeAToRY. REG BATFET Drive Voltage vestoRy pee ~Vach - Vaarory When Vaves > 5 42 7| v
faATFET DEG BATFET Powgr—up Delay to turn off BATFET 30 ms
= after adapter is detected
AC SWITCH (ACFET) DRIVER
IacEeT ACDRYV Charge Pump Current Limit Vacory - Vemsre =5 V 60 HA
VACDRV_REG Gate Drive Voltage on ACFET Vacory - Vemsre When Vayee > Vuvio 4.2 6 \%
RAcDRV_LOAD Maximum load between ACDRV and CMSRC 500 kQ
AC/BAT SWITCH DRIVER TIMING
torv. DEAD Driver Dead Time 2ne§1c‘13 Xllr_\::% _\llyhen switching between ACFET 10 us
BATTERY DETECTION
twake Wake timer Max time charge is enabled 500 ms
lwake Wake current Rsense = 10 mQ 50 125 200 mA
tDISCHARGE Discharge timer Max time discharge current is applied 1 S
IbISCHARGE Discharge current mA
leauLT Fault current after a time-out fault mA
Vivaxe \é\/ake threshold with respect to Vgeg To detect Measure on SRN (bq24170) 100 mvicell
attery absent during WAKE Measure on FB (bq24172) 50 mv
Vosch cl?is_charge Threshold to detect battery absent Measure on SRN (bq24170) 2.9 Vicell
uring discharge Measure on VFB (bg24172) 1.45 v
INTERNAL PWM
fsw PWM Switching Frequency 1360 1600 1840 kHz
tsw _pEAD Driver Dead Time® 2%?42?? ri:gr:osavgtching between LSFET 30 ns
Rps_Hi High-Side MOSFET ON-Resistance Vgrst— Vsw = 4.5V 25 45 mQ
Rps Lo Low-Side MOSFET ON-Resistance 60 110 mQ
Vst — Vsw When low-side refresh pulse is 3
Verst rerresn Sgﬁg;ap Refresh Comparator Threshold requested, Vavcc = 4.5 V : v
Vst — Vsw When low-side refresh pulse is 4
requested, Vaycc > 6V
INTERNAL SOFT START (8 steps to regulation current ICHG)
SS_STEP Soft start steps step
Tss_step Soft start step time 1.6 3 ms
10 Submit Documentation Feedback Copyright © 2010-2015, Texas Instruments Incorporated

Product Folder Links: bq24170 bg24172


http://www.ti.com/product/bq24170?qgpn=bq24170
http://www.ti.com/product/bq24172?qgpn=bq24172
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLUSAD2C&partnum=bq24170
http://www.ti.com/product/bq24170?qgpn=bq24170
http://www.ti.com/product/bq24172?qgpn=bq24172

13 TEXAS

INSTRUMENTS

www.ti.com

bq24170, bq24172
SLUSAD2C —NOVEMBER 2010-REVISED APRIL 2015

Electrical Characteristics (continued)

45V < V(PVCC, AVCC) <17V, —40°C < T, + 125°C, typical values are at T, = 25°C, with respect to AGND (unless

otherwise noted)

PARAMETER \ TEST CONDITIONS | MN  TYP  mAX| UNIT
CHARGER SECTION POWER-UP SEQUENCING
t Delay from ISET above 120 mV to start 15 s
CE_DELAY charging battery :
INTEGRATED BTST DIODE
Ve Forward Bias Voltage I =120 mA at 25°C 0.85 \
Vg Reverse breakdown voltage Ir =2 pA at 25°C 20 \%
LOGIC 10 PIN CHARACTERISTICS (STAT1, STAT2, TERM_EN)
Vour Lo STAT Output Low Saturation Voltage Sink Current =5 mA 0.5 \%
VeeLL Lo CELL pin input low threshold, 1 cell (bq24170) | CELL pin voltage falling edge 0.5 \%
Veew wio CELL pin input mid threshold, 2 cells (bg24170) ,\Cﬂi';('- pin voltage rising for MIN, falling for 0.8 18| v
CELL pin input high threshold, 3 cell ) -
VCELL HI (bq24lp7lr(1))lnpu '9 resho cells CELL pin voltage rising edge 25 \%
8.6 Typical Characteristics
Table 1. Table of Graphs®
FIGURE DESCRIPTION
Figure 1 AVCC, VREF, ACDRV and STAT Power Up (ISET=0)
Figure 2 Charge Enable by ISET
Figure 3 Current Soft Start
Figure 4 Charge Disable by ISET
Figure 5 Continuous Conduction Mode Switching
Figure 6 Discontinuous Conduction Mode Switching
Figure 7 BATFET to ACFET Transition during Power Up
Figure 8 System Load Transient (Input Current DPM)
Figure 9 Battery Insertion and Removal
Figure 10 Battery to Ground Short Protection
Figure 11 Battery to Ground Short Transition
Figure 12 Efficiency vs Output Current (Viy = 15 V)
Figure 13 Efficiency vs Output Current (Vout = 3.8 V)
(1) All waveforms and data are measured on HPA610 and HPA706 EVMs.
ISET 1
AVCC 4 SOO’mV IV
10V/div REGN |
l Y/ [ p——
VREF [ e
2V/div f STAT
; 10V/div L—-J L—-—-—_
ACDR\ e ey
5V/div e
| 7~
IL
STAT 1A/div
10V/div |
L
20 ms/div 400 ms/div
Figure 1. Power Up (ISET = 0) Figure 2. Charge Enable by ISET
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Figure 3. Current Soft Start Figure 4. Charge Disable by ISET
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Figure 5. Continuous Conduction Mode Switching

Figure 6. Discontinuous Conduction Mode Switching
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Figure 7. BATFET to ACFET Transition During Power Up
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Figure 8. System Load Transient (Input Current DPM)
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5V/div 5V/div
[
400 ms/div 2 ms/div
Figure 9. Battery Insertion and Removal Figure 10. Battery-to-Ground Short Protection
9
P,
94 ——
SRN | \
5V/div MM e i 92 74 —
[ i IIf
‘H .”\:\, s 90 / T
WINBINL "
111 h t‘ N\, /——\ . 2 / — VIN 15V 3 cell
Tovidi F/ ! L . i 8 8 / —VIN 15V 2cel| |
} E
I
1A/div 84
L
82
4 ps/div
80
0 0.5 1.0 15 2.0 25 3.0 35 4.0
Charge Current - A
Figure 11. Battery-to-Ground Short Transition Figure 12. Efficiency vs Output Current (Viy = 15 V)
94
— VIN 5V BAT 3.8V
92 |— VIN 9V BAT 3.8V
/ ‘\
90 \
& N
] /| _\‘\\\
S 86 I~
& ~
N
84 NS
82
80
0 0.5 1.0 15 2.0 25 3.0 35 4.0
Charge Current - A
Figure 13. Efficiency vs Output Current (Voyt = 3.8 V)
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9 Detailed Description

9.1 Overview

The bg2417x device is a stand-alone switched-mode battery charger for Li-ion and Li-Polymer batteries with
power path management and integrated N-channel power MOSFETSs. This fixed-frequency synchronous PWM
charger offers high accuracy regulation of input current charge current and battery regulation voltage.

9.2 Functional Block Diagram
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9.3 Feature Description

Figure 14 shows a typical charging profile.

Precharge Fastcharge Current Fastcharge Voltage
Current Regulation Phase Regulation Phase Termination
Regulation
Regulation Voltage Phase J FECR RSN RRRRR S——
VRecH v
’
I chre ra
'0
4
l‘
/ 4
‘l
Charge S
Current ,"
l"
’
‘l
'0
’
'l
'0
l' \
,
S Charge
s Voltage
'I
'l
o
Viowv K
,
'l
4
'l
'l
"
10% lchre -
'I
'l
'l
’
'l
'l
4 -
Precharge )
= Timer Fast Charge Safety Timer

Figure 14. Typical Charging Profile

9.3.1 Battery Voltage Regulation

The bg2417x offers a high-accuracy voltage regulator on for the charging voltage. The bq24170 uses CELL pin
to select number of cells with a fixed 4.2 V/cell. Connecting CELL to AGND sets 1-cell output, floating CELL pin
sets 2-cell output, and connecting to VREF sets 3-cell output.

Table 2. bq24170 CELL Pin Settings

CELL PIN VOLTAGE REGULATION
AGND 42V
Floating 8.4V
VREF 126V

The bg24172 uses external resistor divider for voltage feedback and regulate to internal 2.1-V voltage reference
on FB pin. Use the following equation for the regulation voltage for bq24172:

where

R2}
142
R1

¢ R2is connected from FB to the battery.
¢ R1is connected from FB to GND.

1)
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9.3.2 Battery Current Regulation

The ISET input sets the maximum charging current. Battery current is sensed by current sensing resistor RSR
connected between SRP and SRN. The full-scale differential voltage between SRP and SRN is 40 mV maximum.
The equation for charge current is:

lcHARGE = —V|SET
The valid input voltage range of ISET is up to 0.8 V. With 10-mQ sense resistor, the maximum output current is
4 A. With 20-mQ sense resistor, the maximum output current is 2 A.

The charger is disabled when the ISET pin voltage is below 40 mV and is enabled when ISET pin voltage is
above 120 mV. For 10-mQ current sensing resistor, the minimum fast charge current must be higher than 600
maA.

Under high ambient temperature, the charge current will fold back to keep IC temperature not exceeding 120°C.

9.3.3 Battery Precharge Current Regulation

On power up, if the battery voltage is below the V| oy threshold, the bg2417x applies the precharge current to
the battery. This precharge feature is intended to revive deeply discharged cells. If the V| gwy threshold is not
reached within 30 minutes of initiating precharge, the charger turns off and a FAULT is indicated on the status
pins.

For bg2417x, the precharge current is set as 10% of the fast charge rate set by ISET voltage.

ViseT

IPRECHARGE e a—
200 X RSR (3)

9.3.4 Input Current Regulation

The total input current from an AC adapter or other DC sources is a function of the system supply current and
the battery charging current. System current normally fluctuated as portions of the systems are powered up or
down. Without Dynamic Power Management (DPM), the source must be able to supply the maximum system
current and the maximum available charger input current simultaneously. By using DPM, the input current
regulator reduces the charging current when the summation of system power and charge power exceeds the
maximum input power. Therefore, the current capability of the AC adapter can be lowered, reducing system cost.

Input current is set by the voltage on ACSET pin using the following equation:

lopy = Vacset

20 X RAC (4)
The ACP and ACN pins are used to sense across RAC with default value of 10 mQ. However, resistors of other
values can also be used. A larger sense resistor will give a larger sense voltage and higher regulation accuracy,
at the expense of higher conduction loss.

9.3.5 Charge Termination, Recharge, and Safety Timers

The charger monitors the charging current during the voltage regulation phase. Termination is detected when the
SRN voltage (bg24170) or FB voltage (bq24172) is higher than recharge threshold and the charge current is less
than the termination current threshold, as calculated in Equation 5:

lrerm = _ Viser
200 X RSR
where
e Vger IS the voltage on the ISET pin.
* Rgg is the sense resistor. 5)

There is a 25-ms deglitch time during transition between fast charge and precharge.

As a safety backup, the charger also provides an internal fixed 30-minute precharge safety timer and a
programmable fast charge timer. The fast charge time is programmed by the capacitor connected between the
TTC pin and AGND, and is given by the formula:
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trrc = Crre xKrre

where
e Cyqc is the capacitor connected to TTC.
e  Kyrc is the constant multiplier. (6)

A new charge cycle is initiated when one of the following conditions occurs:

» The battery voltage falls below the recharge threshold

» A power-on-reset (POR) event occurs

» ISET pin toggled below 40 mV (disable charge) and above 120 mV (enable charge)

Pull the TTC pin to AGND to disable both termination and fast charge safety timer (reset timer). Pull the TTC pin
to VREF to disable the safety timer, but allow charge termination.

9.3.6 Power Up

The charge uses a SLEEP comparator to determine the source of power on the AVCC pin because AVCC can
be supplied either from the battery or the adapter. With the adapter source present, if the AVCC voltage is
greater than the SRN voltage, the charger exits SLEEP mode. If all conditions are met for charging, the charger
then starts charge the battery (see Enable and Disable Charging). If SRN voltage is greater than AVCC, the
charger enters low quiescent current SLEEP mode to minimize current drain from the battery. During SLEEP
mode, the VREF output turns off and the STAT pin goes to high impedance.

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

9.3.7 Input Undervoltage Lockout (UVLO)

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

9.3.8 Input Overvoltage/Undervoltage Protection

ACOQV provides protection to prevent system damage due to high input voltage. In bg2417x, once the voltage on
OVPSET is above the 1.6 V ACOV threshold or below the 0.5 V ACUV threshold, charge is disabled and input
MOSFETSs turn off. The bq2417x provides flexibility to set the input qualification threshold.

9.3.9 Enable and Disable Charging

The following conditions have to be valid before charging is enabled:
* ISET pin above 120 mV.

» Device is not in UVLO mode (that is, Vavcee > Vuvio)-

» Device is notin SLEEP mode (that is, Vayce > Vsrn)-

* OVPSET voltage is from 0.5 V to 1.6 V to qualify the adapter.

» 1.5-s delay is complete after initial power up.

« REGN LDO and VREF LDO voltages are at correct levels.

» Thermal Shutdown (TSHUT) is not valid.

* TS fault is not detected.

» ACFET turns on (see System Power Selector for details).

One of the following conditions stops ongoing charging:

e ISET pin voltage is below 40 mV.

» Device is in UVLO mode.

« Adapter is removed, causing the device to enter SLEEP mode.

 OVPSET voltage indicates the adapter is not valid.

« REGN or VREF LDO voltage is overloaded.

e TSHUT temperature threshold is reached.

« TS voltage goes out of range, indicating the battery temperature is too hot or too cold.
* ACFET turns off.
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» TTC timer expires or precharge timer expires.

9.3.10 System Power Selector

The IC automatically switches adapter or battery power to the system load. The battery is connected to the
system by default during power up or during SLEEP mode. When the adapter plugs in and the voltage is above
the battery voltage, the IC exits SLEEP mode. The battery is disconnected from the system and the adapter is
connected to the system after exiting SLEEP. An automatic break-before-make logic prevents shoot-through
currents when the selectors switch.

The ACDRYV is used to drive a pair of back-to-back N-channel power MOSFETs between adapter and ACP with
sources connected together to CMSRC. The N-channel FET with the drain connected to the ACP (Q2, RBFET)
provides reverse battery discharge protection, and minimizes system power dissipation with its low-RDSgy. The
other N-channel FET with drain connected to adapter input (Q1, ACFET) separates battery from adapter, and
provides a limited dl/dt when connecting the adapter to the system by controlling the FET turnon time. The
/BATDRYV controls a P-channel power MOSFET (Q3, BATFET) placed between battery and system with drain
connected to battery.

Before the adapter is detected, the ACDRYV is pulled to CMSRC to keep ACFET off, disconnecting the adapter
from system. /BATDRV stays at ACN - 6 V (clamp to ground) to connect battery to system if all the following
conditions are valid:

*  Vavee > Vuvio (battery supplies AVCC)
d VACN < VSRN + 200 mV

After the device comes out of SLEEP mode, the system begins to switch from battery to adapter. The AVCC
voltage must be 300 mV above SRN to enable the transition. The break-before-make logic keeps both ACFET
and BATFET off for 10 us before ACFET turns on. This prevents shoot-through current or any large discharging
current from going into the battery. The /BATDRYV is pulled up to ACN and the ACDRYV pin is set to CMSRC +
6 V by an internal charge pump to turn on N-channel ACFET, connecting the adapter to the system if all the
following conditions are valid:

Vacuv < Vovpser < Vacov
* Vavee > Vsgy + 300 mV

When the adapter is removed, the IC turns off ACFET and enters SLEEP mode.

BATFET keeps off until the system drops close to SRN. The BATDRYV pin is driven to ACN - 6 V by an internal
regulator to turn on P-channel BATFET, connecting the battery to the system.

Asymmetrical gate drive provides fast turn-off and slow turnon of the ACFET and BATFET to help the break-
before-make logic and to allow a soft start at turnon of both MOSFETSs. The delay time can be further increased,
by putting a capacitor from gate to source of the power MOSFETSs.

9.3.11 Converter Operation

The bg2417x employs a 1.6-MHz constant-frequency step-down switching regulator. 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.

A type lll compensation network allows using ceramic capacitors at the output of the converter. An internal saw-
tooth ramp is compared to the internal error control signal to vary the duty cycle of the converter. The ramp
height is proportional to the AVCC voltage to cancel out any loop gain variation due to a change in input voltage,
and simplifies the loop compensation. Internal gate drive logic allows achieving 97% duty-cycle before pulse
skipping starts.

9.3.12 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 eight evenly divided steps up to the programmed charge
current. Each step lasts around 1.6 ms, for a typical rise time of 12.8 ms. No external components are needed
for this function.
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9.3.13 Charge Overcurrent Protection

The charger monitors top-side MOSFET current by high-side sense FET. When peak current exceeds MOSFET
limit, the charger turns off the top-side MOSFET and keeps it off until the next cycle. The charger has a
secondary cycle-to-cycle overcurrent protection. The charger monitors the charge current, and prevents the
current from exceeding 160% of the programmed charge current. The high-side gate drive turns off when either
overcurrent condition is detected, and automatically resumes when the current falls below the overcurrent
threshold.

9.3.14 Charge Undercurrent Protection

After the recharge, if the SRP-SRN voltage decreases below 5 mV, then the low-side FET is turned off for the
rest of the switching cycle. During discontinuous conduction mode (DCM), the low-side FET turns on for a short
period of time when the bootstrap capacitor voltage drops below 4 V to provide refresh charge for the capacitor.
This is important to prevent negative inductor current from causing any boost effect in which the input voltage
increases as power is transferred from the battery to the input capacitors. This can lead to an overvoltage on the
AVCC node and potentially cause damage to the system.
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9.3.15 Battery Detection

For applications with removable battery packs, IC provides a battery absent detection scheme to reliably detect
insertion or removal of battery packs. The battery detection routine runs on power up, or if battery voltage falls
below recharge threshold voltage due to removing a battery or discharging a battery.

POR or RECHARGE

-

Y

Apply 8mA discharge
current, start 1s timer

-t

Y

1s timer
expired

VFB < Vgatowv

No——»-

Disable 8mA
discharge current

Battery Present,
Begin Charge

Y

Enable 125mA charge
current, start 0.5s timer

-t
]

Y

0.5s timer
expired

VFB > VrecH

No

No

Disable 125mA
charge current

Battery Present,
Begin Charge

Y

Battery Absent

Figure 15. Battery Detection Flow Chart

Once the device has powered up, an 8-mA discharge current is applied to the SRN terminal. If the battery
voltage falls below the LOWYV threshold within 1 second, the discharge source is turned off, and the charger is
turned on at low charge current (125 mA). If the battery voltage gets up above the recharge threshold within 500
ms, there is no battery present and the cycle restarts. If either the 500-ms or 1-second timer times out before the
respective thresholds are hit, a battery is detected and a charge cycle is initiated.
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Figure 16. Battery Detect Timing Diagram

Ensure that the total output capacitance at the battery node is not so large that the discharge current source
cannot pull the voltage below the LOWYV threshold during the 1 second discharge time. The maximum output
capacitances can be calculated according to the following equations:

Cuax = Ibiscr * tpisc (for bg24170)
(4.1V-29V) x Number of cells @)
Cuax = bbiscr * 'pisc (for bg24172)

(2.05V -1.45 V) x {1+R2}
R

¢  Cuax is the maximum output capacitance.

* Ipisch is the discharge current.

e tpisch is the discharge time.

* R, and R; are the voltage feedback resistors from the battery to the FB pin. (8)

9.3.15.1 Example

For a 3-cell Li+ charger, with R, = 500 kQ, R; = 100 kQ (giving 12.6 V for voltage regulation), Ipscqy = 8 MA,
tDlSCH =1 second.

Cuax = 8 mA x 1sec —29mF

0.6V x |1+200KkQ
100 kKQ

©

Based on these calculations, no more than 2200 pF should be allowed on the battery node for proper operation
of the battery detection circuit.

9.3.16 Battery Short Protection

When SRN pin voltage is lower than 2 V, it is considered as battery short condition during charging period. The
charger will shut down immediately for 1 ms, then soft start back to the charging current the same as precharge
current. This prevents high current may build in output inductor and cause inductor saturation when battery
terminal is shorted during charging. The converter works in nonsynchronous mode during battery short.

9.3.17 Battery Overvoltage Protection

The converter will not allow the high-side FET to turn on until the battery voltage goes below 102% of the
regulation voltage. This allows 1-cycle response to an overvoltage condition — such as occurs when the load is
removed or the battery is disconnected. A total 6-mA current sink from SRP/SRN to AGND allows discharging
the stored output inductor energy that is transferred to the output capacitors. If battery overvoltage condition lasts
for more than 30 ms, charge is disabled.
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9.3.18 Temperature Qualification

The controller continuously monitors battery temperature by measuring the voltage between the TS pin and
AGND. A negative temperature coefficient thermistor (NTC) and an external voltage divider typically develop this
voltage. The controller compares this voltage against its internal thresholds to determine if charging is allowed.
To initiate a charge cycle, the battery temperature must be within the V g to Ve thresholds. If battery
temperature is outside of this range, the controller suspends charge and waits until the battery temperature is
within the V| 1¢ to Ve range. During the charge cycle the battery temperature must be within the V| 1¢ to Vico
thresholds. If battery temperature is outside of this range, the controller suspends charge and waits until the
battery temperature is within the V1 to Ve range. The controller suspends charge by turning off the PWM
charge MOSFETSss. Figure 17 summarizes the operation.

TEMPERATURE RANGE TEMPERATURE RANGE
TO INITIATE CHARGE DURING A CHARGE CYCLE

VREF T VREF
|
CHARGE SUSPENDED : CHARGE SUSPENDED
VuTF : VutF
VLTFH { VLTFH
|
|
|
CHARGE at full C | CHARGE at full C
|
|
|
VHTF :
I V1co
CHARGE SUSPENDED : CHARGE SUSPENDED
|
AGND : AGND

Figure 17. TS Pin, Thermistor Sense Thresholds

Assuming a 103AT NTC thermistor on the battery pack as shown in Figure 18, the values of RT1 and RT2 can
be determined by using Equation 10 and Equation 11:

1 1
Vwrer *x RTHcop x RTHyor X (_V J
RT2 = ) LTFV TCO
Vrco VLTF (10)
VvRer 4
_ Vite
RT1= 3 . 3
RT2  RTHgop (11)

Select 0°C to 45°C range for Li-ion or Li-polymer battery,
RTHCOLD =27.28 kQ
RTHpor = 4.911 kQ
RT1 =5.23 kQ

RT2 =30.1 kQ
After selecting the closest standard resistor value, by calculating the thermistor resistance at temperature
threshold, the final temperature range can be gotten from thermistor data sheet temperature resistance table.
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Figure 18. TS Resistor Network

9.3.19 MOSFET Short Circuit and Inductor Short Circuit Protection

The IC has a short circuit protection feature. Its cycle-by-cycle current monitoring feature is achieved through
monitoring the voltage drop across Rdson of the MOSFETSs. The charger will be latched off, but the ACFET keep
on to power the system. The only way to reset the charger from latch-off status is remove adapter then plug
adapter in again. Meanwhile, STAT is blinking to report the fault condition.

9.3.20 Thermal Regulation and Shutdown Protection

The QFN package has low thermal impedance, which provides good thermal conduction from the silicon to the
ambient, to keep junctions temperatures low. The internal thermal regulation loop will fold back the charge
current to keep the junction temperature from exceeding 120°C. As added level of protection, the charger
converter turns off and self-protects whenever the junction temperature exceeds the TSHUT threshold of 150°C.
The charger stays off until the junction temperature falls below 130°C.

9.3.21 Timer Fault Recovery
The IC provides a recovery method to deal with timer fault conditions. The following summarizes this method:

Condition 1: The battery voltage is above the recharge threshold and a time-out fault occurs.

Recovery Method: The timer fault will clear when the battery voltage falls below the recharge threshold, and
battery detection will begin. A POR or taking ISET below 40 mV will also clear the fault.

Condition 2: The battery voltage is below the recharge threshold and a time-out fault occurs.

Recovery Method: Under this scenario, the IC applies the fault current to the battery. This small current is used
to detect a battery removal condition and remains on as long as the battery voltage stays below the recharge
threshold. If the battery voltage goes above the recharge threshold, the IC disabled the fault current and
executes the recovery method described in Condition 1. A POR or taking ISET below 40 mV will also clear the
fault.

9.3.22 Inductor, Capacitor, and Sense Resistor Selection Guidelines

The IC provides internal loop compensation. With this scheme, the best stability occurs when the LC resonant
frequency, f,, is approximately 15 kHz to 25 kHz for the IC.

fo=—

2n N LC (12)
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Table 3 summarizes typical LC components for various charge currents.
Table 3. Typical Values as a Function of Charge Current
CHARGE CURRENT 1A 2A 3A 4 A
Output inductor L 6.8 uH 3.3 pH 3.3 puH 2.2 pH
Output capacitor C 10 pF 20 uF 20 puF 30 puF

9.3.23 Charge Status Outputs

The open-drain STAT outputs indicate various charger operations as listed in Table 4. These status pins can be
used to drive LEDs or communicate with the host processor. OFF indicates that the open-drain transistor is
turned off.

Table 4. STAT Pin Definition

CHARGE STATE STAT
Charge in progress (including recharging) ON
Charge complete, Sleep mode, Charge disabled OFF
Charge suspend, Input overvoltage, Battery overvoltage, timer fault, , battery absent BLINK

9.4 Device Functional Modes

The bg2417x is a stand-alone switched-mode charger with power path selector. The device can operate from
either a qualified adapter or supply system power from the bat