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USB-Compliant Single-Cell Li-lon Switching Charger with

USB-OTG Boost Regulator

Features

®  Fully Integrated, High-Efficiency Charger for Single-Cell
Li-lon and Li-Polymer Battery Packs

Faster Charging than Linear

+0.5% at 25°C
+1% from 0 to 125°C

" +5% Input Current Regulation Accuracy

®  Charge Voltage Accuracy:

®  +5% Charge Current Regulation Accuracy
® 20V Absolute Maximum Input Voltage

® 6V Maximum Input Operating Voltage

" 1.45 A Maximum Charge Rate

"  Programmable through High-Speed I°C Interface
(3.4 Mb/s) with Fast Mode Plus Compatibility

— Input Current

— Fast-Charge / Termination Current
— Charger Voltage

— Termination Enable

® 3 MHz Synchronous Buck PWM Controller with Wide
Duty Cycle Range

®  Small Footprint 1 uH External Inductor

" Safety Timer with Reset Control

® 1.8 V Regulated Output from VBUS for Auxiliary Circuits
®  Dynamic Input Voltage Control

" Low Reverse Leakage to Prevent Battery Drain to VBUS

= 5V, 500 mA Boost Mode for USB OTG for 3.0 V to
4.5V Battery Input

®  Available in a 1.96 x 1.87 mm, 20-bump, 0.4 mm Pitch
WLCSP Package

Applications

®  Cell Phones, Smart Phones, PDAs
®  Tablet, Portable Media Players
®  Gaming Device, Digital Cameras

All trademarks are the property of their respective owners.

Description

The FAN54015 combines a highly integrated switch-mode
charger, to minimize single-cell Lithium-ion (Li-ion) charging
time from a USB power source, and a boost regulator to
power a USB peripheral from the battery.

The charging parameters and operating modes are
programmable through an I°C Interface that operates up to
3.4 Mbps. The charger and boost regulator circuits switch at
3 MHz to minimize the size of external passive components.

The FAN54015 provides battery charging in three phases:
conditioning, constant current and constant voltage.

To ensure USB compliance and minimize chargin% time, the
input current limit can be changed through the I°C by the
host processor. Charge termination is determined by a
programmable minimum current level. A safety timer with
reset control provides a safety backup for the I°C host.
Charge status is reported to the host through the I°C port.

The integrated circuit (IC) automatically restarts the charge
cycle when the battery falls below an internal threshold. If the
input source is removed, the IC enters a high-impedance
mode, preventing leakage from the battery to the input.
Charge current is reduced when the die temperature reaches
120°C, protecting the device and PCB from damage.

The FAN54015 can operate as a boost regulator on
command from the system. The boost regulator includes a
soft-start that limits inrush current from the battery and uses
the same external components used for charging the battery.

FAN54015

SYSTEM
LOAD

L

Figure 1. Typical Application
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Ordering Information

Temperature PN Bits: Packing
Part Number Range Package IC_INFO[4:2]| Method
FAN54015UCX 40t 85°C 20-Bump, Wafer-Level Chip-Scale Package (WLCSP), 101 Tape and
FAN54015BUCX™ 0.4 mm Pitch, Estimated Size: 1.96 x 1.87 mm Reel
Note:
1. FAN54015BUCX includes backside lamination.
Table 1. Feature Summary
Automatic Special Safety | Battery Absent . VREG
Part Number | Slave Address Charge | Charger? | Limits Behavior E2 Pin (E3 Pin)
FAN54015UCX 1101010 Yes Yes Yes ON DISABLE 1.8V
Note:
2. A‘“special charger” is a current-limited charger that is not a USB compliant source.
Block Diagram
J_VREG H] 1.8V / PMID REG
IC?TF Juy! | PMID - PMID
B alll O T ==cw
VBUS i ,'T,__;I_{Q”\ L e
= 47u
g arown B GHARGE Ao
; it 1 sw L
I'IN > PWM Q2 L 1uH
VBUS CONTROL MODULATOR H Cour | Rense
ovep 01uF |
VCC 1 PGND 4 L
= T attery
T T z
L , T VBAT
L
N SDA 26 ! PMID ~ SYSTEM JEBAT
@ * LOAD
> INTERFACE | 30mA STAT — ;
0SC =
>
 orauser Loaic | PMID Q1A | QiB
CONTROL a Greater than Vear ON | OFF
= Less than Vgar OFF | ON

Figure 2. IC and System Block Diagram

Table 2. Recommended External Components

Component Description Vendor Parameter | Typ. | Unit
L1 1 uH £20%, 1.6 A, DCR=55 mQ, 2520 Murata: LQM2HPN1R0 L 10 H
1 uH +30%, 1.4 A, DCR=85 mQ, 2016 Murata: LQM2MPN1R0 ' H

Murata: GRM188R60J106M

Cear 10 uF, 20%, 6.3 V, X5R, 0603 TDK: C1608X5R0J106M C 10 uF
o Murata: GRM188R60J475K @)

Cwmip 4.7 uF, 10%, 6.3 V, X5R, 0603 TDK: C1608X5R0J475K C 4.7 uF
o Murata GRM188R61E105K

Ceus 1.0 uF, 10%, 25 V, X5R, 0603 TDK:C1608X5R1E105M C 1.0 uF

Note:
3. A 6.3 Vrating is sufficient for Cuip because PMID is protected from over-voltage surges on VBUS by Q3 (Figure 2).

© 2012 Fairchild Semiconductor Corporation www.fairchildsemi.com
FAN54015 « Rev. 1.0.2

n

loje|nbay 1soog H10-gSN Yim 19b.aey9 buiyoums uoj-1q [199-916uls jueldwod-gsn — SLOYSNVH




Pin Configuration

G & ® 6
DG ONC @ @ ©@
OGN ® ® @

Top View Bottom View
Figure 3. WLCSP-20 Pin Assighments
Pin Definitions
Pin # Name |Description
A1, A2 VBUS Charger Input Voltage and USB-OTG output voltage. Bypass with a 1 uF capacitor to PGND.
A3 NC No Connect. No external connection is made between this pin and the IC’s internal circuitry.
A4 SCL I°C Interface Serial Clock. This pin should not be left floating.
B1-B3 PMID Power Input Voltage. Power input to the charger regulator, bypass point for the input current sense,
and high-voltage input switch. Bypass with a minimum of 4.7 uF, 6.3 V capacitor to PGND.
B4 SDA I°C Interface Serial Data. This pin should not be left floating.
C1-C3 SW Switching Node. Connect to output inductor.
C4 STAT Status. Open-drain output indicating charge status. The IC pulls this pin LOW when charging.
Power Ground. Power return for gate drive and power transistors. The connection from this pin to the
D1-D3 PGND :
bottom of Cwmip should be as short as possible.
D4 oTG On-The-Go. Enables boost regulator in conjunction with OTG_EN and OTG_PL bits (see Table 16). On
VBUS Power-On Reset (POR), this pin sets the input current limit for tysmn charging.
E1 CSIN Current-Sense Input. Connect to the sense resistor in series with the battery. The IC uses this node to
sense current into the battery. Bypass this pin with a 0.1 uF capacitor to PGND.
Charge Disable. If this pin is HIGH, charging is disabled. When LOW, charging is controlled by the
E2 DISABLE | I°C registers. When this pin is HIGH, the 15-minute timer is reset. This pin does not affect the
32-second timer.
E3 VREG Regulator Output. Connect to a 1 puF capacitor to PGND. This pin can supply up to 2mA of DC load
current. The output voltage is PMID, which is limited to 1.8 V.
E4 VBAT Battery Voltage. Connect to the positive (+) terminal of the battery pack. Bypass with a 0.1 puF
capacitor to PGND if the battery is connected through long leads.
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Absolute Maximum Ratings

Stresses exceeding the absolute maximum ratings may damage the device. The device may not function or be operable above
the recommended operating conditions and stressing the parts to these levels is not recommended. In addition, extended
exposure to stresses above the recommended operating conditions may affect device reliability. The absolute maximum
ratings are stress ratings only.

Symbol Parameter Min. Max. Unit
Veus | VBUS Voltage Contitets , — 14 20.0 v
Pulsed, 100 ms Maximum Non-Repetitive -2.0
Vstar | STAT Voltage -0.3 16.0 \Y
v, PMID Voltage 7.0 y
SW, CSIN, VBAT, DISABLE Voltage -0.3 7.0
Vo Voltage on Other Pins -0.3 6.5% Y%
dVstUS Maximum Vgys Slope above 5.5 V when Boost or Charger are Active 4 V/us
E£3SD Electrostatic Discharge Human Body Model per JESD22-A114 2000 Y
Protection Level Charged Device Model per JESD22-C101 500
Ty Junction Temperature —40 +150 °C
Tsta Storage Temperature —65 +150 °C
TL Lead Soldering Temperature, 10 Seconds +260 °C
Note:

4. Lesserof6.5VorV,+0.3V.

Recommended Operating Conditions

The Recommended Operating Conditions table defines the conditions for actual device operation. Recommended operating
conditions are specified to ensure optimal performance to the datasheet specifications. Fairchild does not recommend
exceeding them or designing to absolute maximum ratings.

Symbol Parameter Min. Max. Unit
Vaus Supply Voltage 4 6 \Y
Veatiax) | Maximum Battery Voltage when Boost enabled 4.5 \
_dVays | Negative VBUS Slew Rate during VBUS Short Gircuit, Ta<60°C 4 Vius
dt Cwmip < 4.7 uF (see VBUS Short While Charging) Ta > 60°C 2
Ta Ambient Temperature -30 +85 °C
Ty Junction Temperature (see Thermal Regulation and Protection section) -30 +120 °C

Thermal Properties

Junction-to-ambient thermal resistance is a function of application and board layout. This data is measured with four-layer
2s2p boards in accordance to JEDEC standard JESD51. Special attention must be paid not to exceed junction temperature
Tymax at a given ambient temperature Ta. For measured data, see Table 11.

Symbol | Parameter Typical Unit
0Ja Junction-to-Ambient Thermal Resistance 60 °C/W
0 Junction-to-PCB Thermal Resistance 20 °C/W
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Electrical Specifications

Unless otherwise specified: according to the circuit of Figure 1; recommended operating temperature range for Ty and Ta;
Veus=5.0 V; HZ_MODE; OPA_MODE-=0; (Charge Mode); SCL, SDA, OTG=0 or 1.8 V; and typical values are for T,=25°C.

Symbol Parameter Conditions Min. | Typ. | Max. | Unit
Power Supplies
VBus > VBus(min), PWM Switching 10 mA
Veus > .\/BU'S(min); PWM Enabled,
lveus VBUS Current (Njgtncsji\tl\i”otﬁ)h;lrl]?lISIBgttattetirr):gg:/gO mA =0 "
o e s o | | m
la | VBAT to VBUS Leakage Current 3;%: N 5;?\5,;&’:%2\7'\"0'3'5:1’ 02 | 50 | uA
. o 0°C < T, < 85°C, HZ_ MODE-=1, 20
loar Battery Discharge Current in High- | Vear=4.2V WA
Impedance Mode DISABLE=1, 0°C < T, < 85°C, 10
Vpar=4.2 V
Charger Voltage Regulation
Charge Voltage Range 3.5 4.4
Voreg Charge Voltage Accuracy it 0% +0.5% )V
Ty=0to 125°C -1% +1%
Charging Current Regulation
Output Charge Current Range Viowv < Veat < Voreg, Rsense=68 mQ 550 1450 mA
locHra Charge Current Accuracy Across 20 mV < Vigea < 40 mV 92 97 102 %
Rsense Vireg > 40 mV 94 97 | 100 | %
Weak Battery Detection
Weak Battery Threshold Range 3.4 3.7 \Y
Viowv Weak Battery Threshold Accuracy -5 +5 %
Weak Battery Deglitch Time Rising Voltage 30 ms
Logic Levels: DISABLE, SDA, SCL, OTG
ViH High-Level Input Voltage 1.05 \
Vi Low-Level Input Voltage 0.4 \
Iin Input Bias Current Input Tied to GND or Vin 0.01 1.00 pA
Charge Termination Detection
Termination Current Range Vgat > Voreg — VrcH, Rsense=68 mQ 50 400 mA
N [Vesin — Veat ] from 3 mV to 20 mV -25 +25
=) Termination Current Accuracy %
[Vcsin = Veat ] from 20 mV to 40 mV -5 +5
Termination Current Deglitch Time |2 mV Overdrive 30 ms
1.8V Linear Regulator
Veea | 1.8V Regulator Output | Ikea from 0 to 2 mA | 17 | 18 | 19 | v
Input Power Source Detection
ViNMINY1 VBUS Input Voltage Rising To Initiate and Pass VBUS Validation 4.29 4.42 \
VinMINg2 Minimum VBUS During Charge During Charging 3.71 3.94 Vv
tveus_vaup | VBUS Validation Time 30 ms
Continued on the following page...
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Electrical Specifications

Unless otherwise specified: according to the circuit of Figure 1; recommended operating temperature range for Ty and Ta;
Veus=5.0 V; HZ_MODE; OPA_MODE-=0; (Charge Mode); SCL, SDA, OTG=0 or 1.8 V; and typical values are for T,=25°C.

Symbol Parameter Conditions Min. | Typ. | Max. | Unit
Special Charger (Vsus)
Vsp ‘ Special Charger Setpoint Accuracy ‘ ‘ -3 ‘ ‘ +3 ‘ %
Input Current Limit
. Iin Set to 100 mA 88 93 98
liNLIM Input Current Limit Threshold mA
Iin Set to 500 mA 450 475 500
Vrer Bias Generator
Veer Bias Regulator Voltage VBus > Vinguiny OF VieaT > VeaT(MIN) 6.5 \
Short-Circuit Current Limit 20 mA
Battery Recharge Threshold
Veos Recharge Threshold Below V(oRreg) 100 120 150 mV
Deglitch Time Veat Falling Below VrcH Threshold 130 ms
STAT Output
VsTaT(OL) STAT Output Low Istat=10 MA 0.4 Vv
Istatony | STAT High Leakage Current Vstar=5V 1 pA
Battery Detection
IbeTECT CB:ittery Pjection Current be(gc))re Begins after Termination Detected -0.80 mA
arge Done (Sink Current) 9
, , and Veat < Voreg —VreH
toeTeCT Battery Detection Time 262 ms
Sleep Comparator
Vsip | eeP-Mode Entry Threshold, 2.3V < Vear < Vorea, Vaus Falling 0 | 004 | 010 | V
BUS — VBAT
tsLp_exiT Egg\lllgﬂc/l;lzrsyf%rstUS Rising Rising Voltage 30 ms
Power Switches (see Figure 2)
Q83 On Resistance (VBUS to PMID) | linuimim=500 mA 180 250
Roson) Q1 On Resistance (PMID to SW) 130 225 mQ
Q2 On Resistance (SW to GND) 150 225
Charger PWM Modulator
fsw Oscillator Frequency 2.7 3.0 3.3 MHz
Dmax Maximum Duty Cycle 100 %
Dmin Minimum Duty Cycle 0 Y%
oS o | MOy (29 Oy A
Boost Mode Operation (OPA_MODE=1, HZ_MODE=0)
2650\:“;VBAT <45 V, |LOAD from O to 4.80 507 517
VBoosT Boost Output Voltage at VBUS \Y
3.0V < Vgar<4.5 V, ||_OAD from 0 to 4.77 5.07 517
500 mA
Isat@o0sT) | Boost Mode Quiescent Current PFM Mode, Vgar=3.6 V, lout=0 140 300 pA
lumpkesT) | Q2 Peak Current Limit 1272 | 1590 | 1908 | mA
UVLOssr ginimqm Battery Voltage for Boost | While Boost Active 2.42 v
peration To Start Boost Regulator 258 | 2.70

Continued on the following page...
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Electrical Specifications

Unless otherwise specified: according to the circuit of Figure 1; recommended operating temperature range for Ty and Ta;
Veus=5.0 V; HZ_MODE; OPA_MODE-=0; (Charge Mode); SCL, SDA, OTG=0 or 1.8 V; and typical values are for T,=25°C.

Symbol Parameter Conditions Min. | Typ. | Max. | Unit
VBUS Load Resistance
) Normal Operation 1500 kQ
Rvsus VBUS to PGND Resistance =
Charger Validation 100 Q
Protection and Timers
VBUS Over-Voltage Shutdown Vgus Rising 6.09 6.29 6.49 \
VBUSovr - :
Hysteresis Vgus Falling 100 mV
|LMPK(GHG) (L)I:n ﬁ‘,ycle-by-CycIe Peak Current Charge Mode 53 A
v Battery Short-Circuit Threshold Vgart Rising 1.95 2.00 2.05 \
SHORT Thysteresis Vear Falling 100 mv
IsHorT Linear Charging Current VeaT < VsHoRrT 20 30 40 mA
T Thermal Shutdown Threshold"” T, Rising 145 oG
SHuTvl Hysteresis!”’ T, Falling 10
Ter Thermal Regulation Threshold” Charge Current Reduction Begins 120 °C
tinT Detection Interval 21 s
@) Charger Enabled 205 | 252 | 28.0
taos 32-Second Timer : 3
Charger Disabled 18.0 25.2 34.0
t1smIN 15-Minute Timer 15-Minute Mode 12.0 135 15.0 min
Atir Low-Frequency Timer Accuracy Charger Inactive -25 25 %
Notes:

5. Negative current is current flowing from the battery to VBUS (discharging the battery).

6. Q2 always turns on for 60 ns, then turns off if current is below lgync.

7. Guaranteed by design; not tested in production.

8. This tolerance (%) applies to all timers on the IC, including soft-start and deglitching timers.
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I’C Timing Specifications

Guaranteed by design.

Symbol Parameter Conditions Min. | Typ. | Max. | Unit
Standard Mode 100
Fast Mode 400
fscL SCL Clock Frequency - kHz
High-Speed Mode, Cg < 100 pF 3400
High-Speed Mode, Cg < 400 pF 1700
; Bus-Free Time between STOP | Standard Mode 4.7
BUF land START Conditions Fast Mode 13 Hs
Standard Mode 4 us
tHD;sTA aZGF-{rTn? ; Repeated START Fast Mode 600 ns
High-Speed Mode 160 ns
Standard Mode 4.7 us
. Fast Mode 1.3 us
tLow SCL LOW Period
High-Speed Mode, Cg < 100 pF 160 ns
High-Speed Mode, Cg < 400 pF 320 ns
Standard Mode 4 us
i Fast Mode 600 ns
tHIGH SCL HIGH Period -
High-Speed Mode, Cg < 100 pF 60 ns
High-Speed Mode, Cg < 400 pF 120 ns
Standard Mode 4.7 us
tsusta | Repeated START Setup Time Fast Mode 600 ns
High-Speed Mode 160 ns
Standard Mode 250
tsupar | Data Setup Time Fast Mode 100 ns
High-Speed Mode 10
Standard Mode 0 3.45 us
) Fast Mode 0 900 ns
thopar | Data Hold Time -
High-Speed Mode, Cg < 100 pF 0 70 ns
High-Speed Mode, Cg < 400 pF 0 150 ns
Standard Mode 20+0.1Cg 1000
) ) Fast Mode 20+0.1Cg 300
treL SCL Rise Time : ns
High-Speed Mode, Cg < 100 pF 10 80
High-Speed Mode, Cg < 400 pF 20 160
Standard Mode 20+0.1Cg 300
) Fast Mode 20+0.1Cg 300
trcL SCL Fall Time - ns
High-Speed Mode, Cg < 100 pF 10 40
High-Speed Mode, Cg < 400 pF 20 80
M 20+0.1 1
SDA Rise Time Standard Mode 0+0.1Cp 000
troa | Rise Time of SCL after a Fast Mode 20+0.1Gg | 300 ns
troL1 Repeated START Condition High-Speed Mode, Cg < 100 pF 10 80
and after ACK Bit - —
High-Speed Mode, Cg < 400 pF 20 160

Continued on the following page...
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I’C Timing Specifications

Guaranteed by design.

Symbol Parameter Conditions Min. | Typ. | Max. | Unit

Standard Mode 20+0.1Cg 300
i Fast Mode 20+0.1Cg 300

trpa SDA Fall Time - ns
High-Speed Mode, Cg < 100 pF 10 80
High-Speed Mode, Cg < 400 pF 20 160

Standard Mode 4 us

tsusto | Stop Condition Setup Time Fast Mode 600 ns

High-Speed Mode 160 ns

Cs Capacitive Load for SDA, SCL 400 pF

Timing Diagrams

t t
SU;STA
F.: - - = tgyr>
|
\

; §— 5
I e oy U o
§ ‘
(S
REPEATED‘

START START STOP START

Figure 4. I°C Interface Timing for Fast and Slow Modes

REPEATED

STOP
tepa e tapa e tsypat 3 — " START /
! R -
SDAH x X %
t t $ : 1
lsusta - .| RO I, tsysto | L
SCLH fi \ / \ [
thp.sTa b\t R . SS }
REPEATED note A

START

/ = MCS Current Source Pull-up
f: R, Resistor Pull-up

Note A: First rising edge of SCLH after Repeated Start and after each ACK bit.

Figure 5. I°C Interface Timing for High-Speed Mode
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Charge Mode Typical Characteristics

Unless otherwise specified, circuit of Figure 1, Voreg=4.2 V, Veus=5.0 V, and Ta=25°C.
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Figure 8. Charger Efficiency, No linum, locHarge=1450 mA Figure 9. Charger Efficiency vs. Vgys, linum=500 mA
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Figure 10. Auto-Charge Startup at VBUS Plug-in, Figure 11. Auto-Charge Startup at VBUS Plug-in,
Iinum=100 mA, OTG=1, Vgar=3.4V Iinum=500 mA, OTG=1, Vgar=3.4V
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Charge Mode Typical Characteristics
Unless otherwise specified, circuit of Figure 1, Voreg=4.2 V, Veus=5.0 V, and Ta=25°C.
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Ch3] 200mAQYChd| 1.00V & Ch3[ 200mAGERCh4[ 1.00V &

wW[5.00% W[15.00 %
Figure 12. AutoCharge Startup with 300mA Limited Figure 13. Charger Startup with HZ_MODE Bit Reset,

Charger / Adaptor, IINLIM=500 mA, OTG=1, VBAT=3-4 \') IINLIM=500 mA, |QCHAF|(;E=1 050 mA, OREG=4.2 V, VBAT=3.6 \')
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Figure 14. Battery Removal / Insertion During Charging, Figure 15. Battery Removal / Insertion During Charging,
VBAT=3-9 V, IOCHARGE=1 050 mA, No IINLIM, TE=0 VBAT=3-9 V, IOCHARGE=1 050 mA, No IINLIM, TE=1
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Charge Mode Typical Characteristics

Unless otherwise specified, circuit of Figure 1, Voreg=4.2 V, Veus=5.0 V, and Ta=25°C.

200 1.82
I 150 \
3 = -30C
: — // . ~__
3 = +85C E
— 2 T
2 Iy £ 179
N L
- / —
%, 50 10C, 5.0vBUS
1.78 +— = +25C, 5.0VBUS
= +85C, 5.0VBUS
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4.0 4.5 5.0 55 6.0 1 2 3 4 5
Input Voltage, VBUS (V) 1.8V Regulator Load Current (mA)
Figure 16. VBUS Current in High-Impedance Mode . .
: Figure 17. Vgeg 1.8 V Output Regulation
with Battery Open 9 vEa P 9
Tek Run | — j Trig?
: VBAT
EY sosomi
chi| 200V A M| 100ms =A\ Chi 7 124 V)
®IE 100mAQS(Chd] 1.00V &
15.00 %
Figure 18. No Battery, Vgus at Power Up
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Boost Mode Typical Characteristics

Unless otherwise specified, using circuit of Figure 1, Vgar=3.6 V, Ta=25°C.
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Figure 19. Efficiency vs. Vgar Figure 20. Efficiency Over Temperature
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Figure 21. Output Regulation vs. Vgar Figure 22. Output Regulation Over Temperature
250 ‘ 20
= -30C
200 = = 15
2 \ —— +85C %
2 €
= \ g / /
=3
§ 150 S — | © 10
o °
- T— (<]
£ \ 8 /
2 0 — =g 5 —30c |
<] I I
— — +25C
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Figure 23. Quiescent Current Figure 24. High-Impedance Mode Battery Current
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Boost Mode Typical Characteristics

Unless otherwise specified, using circuit of Figure 1, Vgar=3.6 V, Ta=25°C.

TekStop | - ] Tek Stop | — ]
H v H H H H H SRR i P
':"'"/W“M‘:N'ﬂ"\".!-““:“""x, -y .-’__..-,.;..._-‘r:.-_k ] ....‘__\.\‘;“;. : ..:./.A._';‘_:_ L gy, Mo “.‘ .-\ L e e e
- VBUSac : i : :

Chil 5.00V

M Toons| A ch1 L 700mv|

Ch3[ 200mA GHEIE 10.0mV e

{15.00 %

Figure 25. Boost PWM Waveform
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Figure 26. Boost PFM Waveform
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Figure 27. Output Ripple vs. Vgar Figure 28. Output Ripple vs. Temperature
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Boost Mode Typical Characteristics

Unless otherwise specified, using circuit of Figure 1, Vgar=3.6 V, Ta=25°C.

Ch3_500mAQ&Ch4_2.00V &

Figure 29. Startup, 3.6 Vgar, 44 Q Load, Additional 10 pF,
X5R Across Vgus

L e o IR B
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Figure 31. Load Transient, 5-155-5 mA, tg=tr=100 ns
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Figure 30. Vgys Fault Response, 3.6 Vgar
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Figure 32. Load Transient, 5-255-5 mA, tr=tr=100 ns
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Circuit Description / Overview

When charging batteries with a current-limited input source,
such as USB, a switching charger’s high efficiency over a
wide range of output voltages minimizes charging time.

FAN54015 combines a highly integrated synchronous buck
regulator for charging with a synchronous boost regulator,
which can supply 5 V to USB On-The-Go (OTG) peripherals.
The regulator employs synchronous rectification for both the
charger and boost regulators to maintain high efficiency over
a wide range of battery voltages and charge states.

The FAN54015 has three operating modes:

1. Charge Mode:
Charges a single-cell Li-ion or Li-polymer battery.

2. Boost Mode:
Provides 5 V power to USB-OTG with an integrated
synchronous rectification boost regulator using the
battery as input.

3. High-Impedance Mode:
Both the boost and charging circuits are OFF in this
mode. Current flow from VBUS to the battery or from the
battery to VBUS is blocked in this mode. This mode
consumes very little current from VBUS or the battery.

Note: Default settings are denoted by bold typeface.

Charge Mode
In Charge Mode, FAN54015 employs four regulation loops:

1. Input Current: Limits the amount of current drawn from
VBUS. This current is sensed internally and can be
programmed through the 1°C interface.

2. Charging Current: Limits the maximum charging current.
This current is sensed using an external Rsense resistor.

3. Charge Voltage: The regulator is restricted from
exceeding this voltage. As the internal battery voltage
rises, the battery’s internal impedance and Rsgnse work
in conjunction with the charge voltage regulation to
decrease the amount of current flowing to the battery.
Battery charging is completed when the voltage across
Rsense drops below the Iterm threshold.

4. Temperature: If the IC’s junction temperature reaches
120°C, charge current is reduced until the IC’s
temperature stabilizes at 120°C.

5. An additional loop limits the amount of drop on VBUS to
a programmable voltage (Vsp) to accommodate “special
chargers” that limit current to a lower current than might
be available from a “normal” USB wall charger.

Battery Charging Curve

If the battery voltage is below Vsnorr, @ linear current source
pre-charges the battery until Vear reaches Vsnort. The PWM
charging circuit is then started and the battery is charged
with a constant current if sufficient input power is available.
The current slew rate is limited to prevent overshoot.

The FAN54015 is designed to work with a current-limited
input source at VBUS. During the current regulation phase
of charging, Iinum or the programmed charging current
limits the amount of current available to charge the battery
and power the system. The effect of linum on IcHarce can be
seen in Figure 34.

Voreg T~~~ ~ "~~~ """ I
|CHARGE
Ny
lreRM= — — - - = - 2>
VshorT +—————
IsHorT
PRE- CONSTANT CURRENT CONSTANT
CHARGE (cC) VOLTAGE (CV)

Figure 33. Charge Curve, IcHarge Not Limited by linuim

Vorea ——

VSHORT— -

]

SHORT ——

PRE-
CHARGE

CURRENT REGULATION VOLTAGE

REGULATION

Figure 34. Charge Curve, inum Limits Icharce

Assuming that Voreg is programmed to the cell’s fully
charged “float” voltage, the current that the battery accepts
with the PWM regulator limiting its output (sensed at VBAT)
to Voreg declines, and the charger enters the voltage
regulation phase of charging. When the current declines to
the programmed lterm value, the charge cycle is complete.
Charge current termination can be disabled by resetting the
TE bit (REG1[3]).

The charger output or “float” voltage can be programmed by
the OREG bits from 3.5 V to 4.44 V in 2 OmV increments, as
shown in Table 3.
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Table 3. OREG Bits (OREG[7:2]) vs. Charger Voyr
(Voreg) Float Voltage

A new charge cycle begins when one of the following occurs:

= The battery voltage falls below Voreg - VrcH

Decimal | Hex | VOREG Decimal | Hex | VOREG = VBUS Power on Reset (POR) clears and the battery
0 00 3.50 32 20 414 voltage is below the weak battery threshold (Viowv).
1 01 3.52 33 21 4.16 ] CE or HZ _MODE is reset through I°C write to
2 02 3.54 34 22 4.18 CONTROL1 (R1) register.
3 03 3.56 35 23 4.20 Charge Current Limit (IOCHARGE)
4 04 3.58 36 24 e Table 5. locharce (REG4 [6:4]) Current as Function
5 05 3.60 37 25 4.24 of locharce Bits and Rsense Resistor Values
6 06 3.62 38 26 4.26 Vesense locarae (MA)
7 07 3.64 39 27 4.28 DEC BIN HEX (mV)
8 08 | 3.66 40 28 | 4.30 68 mQ | 100 mO
9 09 | 368 4 29 | 432 0 000 00 374 | 550 374
10 0A 3.70 42 oA 4.34 1 001 01 44.2 650 442
11 0B | 372 43 2B | 4.36 2 010 02 51.0 750 510
12 0C 3.74 44 2C 4.38 3 011 03 57.8 850 578
13 oD 3.76 45 2D 4.40 4 100 04 71.4 1050 714
14 OE 3.78 46 2E 4.42 5 101 05 78.2 1150 782
15 OF 3.80 47 2F 4.44 6 110 06 91.8 1350 918
16 10 3.82 48 30 4.44 7 111 07 98.6 1450 986
17 11 3.84 49 31 4.44
18 12 3.86 50 32 4.44 Termination Current Limit
19 13 3.88 51 33 4.44 Current charge termination is enabled when TE (REG1[3])=1.
20 14 3.90 52 34 4.44 Typical termination current values are given in Table 6.
21 15 3.92 53 35 4.44 Table 6. ltgrm Current as Function of ltggy Bits
22 16 | 3.94 54 36 | 4.44 (REGA4[2:0]) and Rsense Resistor Values
TERM Vrsense (MV)
24 18 3.98 56 38 4.44 68 mQ 100 mQ
25 19 4.00 57 39 4.44 0 33 49 33
2 1A 4.02 A 4.44 '
23 1B | 4 84 22 25 4.44 ! s % 56
. . 2 9.9 146 99
28 1C 4.06 60 3C 4.44
3 13.2 194 132
29 1D 4.08 61 3D 4.44 2 el Ve 165
30 1E 4.10 62 3E 4.44 -
5 19.8 291 198
The following chazrging parameters can be programmed by 6 23.1 340 231
the host through I°C: - 6.4 388 064

Table 4. Programmable Charging Parameters

Parameter Name | Register
Output Voltage Regulation Vorea REGZ2[7:2]
Battery Charging Current Limit locHra REG4[6:4]
Input Current Limit liNLiM REG1[7:6]
Charge Termination Limit ltERM REG4[2:0]
Weak Battery Voltage Viowv REG1[5:4]

When the charge current falls below Iterw, PWM charging
stops and the STAT bits change to READY (00) for about
500 ms while the IC determines whether the battery and
charging source are still connected. STAT then changes to
CHARGE DONE (10), provided the battery and charger are
still connected.
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PWM Controller in Charge Mode

The IC uses a current-mode PWM controller to regulate the
output voltage and battery charge currents. The synchronous
rectifier (Q2) has a current limit that which off the FET when
the current is negative by more than 140mA peak. This
prevents current flow from the battery.

Safety Timer
Section references Figure 39.

At the beginning of charging, the IC starts a 15-minute timer
(t1smin ). When this times out, charging is terminated. Writing
to any register through 1°C stops and resets the tisy timer,
which in turn starts a 32-second timer (is2s). Setting the
TMR_RST bit (REGO[7]) resets the tsos timer. If the tsos timer
times out; charging is terminated, the registers are set to
their default values, and charging resumes using the default
values with the tysmin timer running.

Normal charging is controlled by the host with the tsss timer
running to ensure that the host is alive. Charging with the
tismin timer running is used for charging that is unattended by
the host. If the tismin timer expires; the IC turns off the
charger, sets the CE bit, and indicates a timer fault (110) on
the FAULT bits (REGO[2:0]). This sequence prevents
overcharge if the host fails to reset the tsps timer.

Vsus POR / Non-Compliant Charger Rejection

When the IC detects that Vgys has risen above Vinminy
(4.4 V), the IC applies a 100 Q load from VBUS to GND. To
clear the VBUS POR (Power-On-Reset) and begin charging,
VBUS must remain above Vinwinyt and below VBUSove for
tveus_vaup (30 ms) before the IC initiates charging. The
VBUS validation sequence always occurs before charging is
initiated or re-initiated (for example, after a VBUS OVP fault
or a VRcH recharge initiation).

tveus_vauip ensures that unfiltered 50/ 60 Hz chargers and
other non-compliant chargers are rejected.

USB-Friendly Boot Sequence

At VBUS POR, when the battery voltage is above the weak
battery threshold (Viowv), the IC operates in accordance with
its 1°C register settings. If Vear < Viowy, the IC sets all
registers to their default values and enables the charger
using an input current limit controlled by the OTG pin
(100mA if OTG is LOW and 500 mA if OTG is HIGH). This
feature can revive a battery whose voltage is too low to
ensure reliable host operation. Charging continues in the
absence of host communication even after the battery has
reached Voreg, Whose default value is 3.54V, and the
charger remains active until tismin times out. Once the host
processor begins writing to the IC, charging parameters are
set by the host, which must continually reset the tss timer to
continue charging using the programmed charging
parameters. If t3os.times out, the register defaults are loaded,
the FAULT bits are set to 110, STAT is pulsed HIGH, and
charging continues with default charge parameters.

Input Current Limiting

To minimize charging time without overloading VBUS current
limitations, the IC’s input current limit can be programmed by
the linum bits (REG1[7:6]).

Table 7. Input Current Limit

Iinum REG1[7:6] Input Current Limit
00 100 mA
01 500 mA
10 800 mA
11 No limit

The OTG pin establishes the input current limit when tismn is
running.
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Flow Charts
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Figure 35. Charger VBUS POR
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Flow Charts (Continued)
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Figure 36. Charge Mode
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Flow Charts (Continued)
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Figure 37. Charge Configuration
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Flow Charts (Continued)

Charge Start

-

YES

N

A
Start T,gun -

NO

Start Typgec

YES
Stop sy

12C Write
received?

Timer Fault :
Set CE VES

T15MIN
Expired?

YES NO—»-

Continue
Charging

Figure 39. Timer Flow Chart
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Special Charger Table 9. Isare (locharce Limit) as Function of ISAFE
The FAN54015 has additional functionality to limit input Bits (REG6[6:4])

current in case a current-limited “special charger” is ISAFE (REG6[6:4])
supplying VBUS. These slowly increase the charging current
until either: Isare (MA)
. DEC | BIN | HEX | Vgsense (mV)
- linLim OF |OCHARGE is reached 68 mQ {100 mQ
or 0 000 00 374 550 374
*  Vpus=Vsp. 1 001 01 44.2 650 442
If Veus collapses to Vsp when the current is ramping up, the 2 010 02 51.0 750 510
FAN54015 charge with an input current that keeps
Veus=Vsp. When the Vsp control loop is limiting the charge S o1 03 578 850 578
current, the SP bit (REG5[4]) is set. 4 100 | 04 71.4 1050 714
Table 8. Vsp as Function of SP Bits (REG5[2:0]) 5 | 101 | 05 8.2 150 | 782
11 1. 1 1
SP (REG5[2:0]) 6 0 06 91.8 350 918
7 111 07 98.6 1450 986
DEC BIN HEX Vsp
0 e 20 48k Table 10. Vsare (Voree Limit) as Function of VSAFE
1 001 01 4.293 Bits (REG6[3:0])
2 e 02 . VSAFE (REG6[3:0])
11 4.4
3 0 03 >3 oEc | BIN | HEx | Max.OREG | VOREG
4 100 04 4.533 (REG2[7:2]) Max.
2 L) 05 ol 0 | 0ooo | o0 100011 4.20
6 L 06 AR 1| 0001 | of 100100 4.22
7 il 07 ‘S 2 | oot0 | o2 100101 4.24
3 0011 03 100110 4.26
Safety Settings 4 | 0100 | o4 100111 4.28
FAN54015 contain a SAFETY register (REG6) that prevents
the values in OREG (REG2[7:2]) and IOCHARGE 5 0101 05 10000 4.30
(REGA4[6:4]) from exceeding the values of the VSAFE and 6 0110 06 101001 4.32
ISAFE values. 7 o111 | 07 101010 4.34
After Var exceeds Vshort, the SAFETY register is loaded 8 1000 08 101011 4.36
with its default value and may be written only before any
other register is written. The entire desired Safety register 9 1001 09 1017100 4.38
value should be written twice to ensure the register bits are 10 1010 0A 101101 4.40
set. After writing to any other register, the SAFETY register 11 1011 0B 101110 4.4
is locked until Vgar falls below VsHorT. :
) 12 1100 0C 101111 4.44
The ISAFE (REG6[6:4]) and VSAFE (REG6[3:0]) registers
establish values that limit the maximum values of locHarae 13 | 1101 | 0D 110000 4.44
and Vogeg used by the control logic. If the host attempts to 14 1110 0E 110001 4.44
write a value higher than VSAFE or ISAFE to OREG or
IOCHARGE, respectively; the VSAFE, ISAFE value appears 15 1111 OF 110010 444

as the OREG, IOCHARGE register value, respectively.

Thermal Regulation and Protection

When the IC’s junction temperature reaches Tcr (about
120°C), the charger reduces its output current to 550 mA to
prevent overheating. If the temperature increases beyond
Tsnutoown; charging is suspended, the FAULT bits are set
to 101, and STAT is pulsed HIGH. In Suspend Mode, all
timers stop and the state of the IC’s logic is preserved.
Charging resumes at programmed current after the die
cools to about 120°C.
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Additional 06,a data points, measured using the FAN54015
evaluation board, are given in Table 11 (measured with
Ta=25°C). Note that as power dissipation increases, the
effective 6,1 decreases due to the larger difference between
the die temperature and ambient.

Table 11. Evaluation Board Measured 0,,

Power (W) 0sa
0.504 54°C/W
0.844 50°C/W
1.506 46°C/W

Charge Mode Input Supply Protection

Sleep Mode

When Vpys falls below Vear + Vsip, and Vpus is above
Vinminy, the 1C enters Sleep Mode to prevent the battery from
draining into VBUS. During Sleep Mode, reverse current is
disabled by body switching Q1.

Input Supply Low-Voltage Detection
The IC continuously monitors VBUS during charging. If Vsus
falls below VIN(MIN), the IC:

1. Terminates charging

2. Pulses the STAT pin, sets the STAT bits to 11, and sets
the FAULT bits to 011.

If Vsus recovers above the Vinwiny rising threshold after time
tint (about two seconds), the charging process is repeated.
This function prevents the USB power bus from collapsing or
oscillating when the IC is connected to a suspended USB
port or a low-current-capable OTG device.

Input Over-Voltage Detection
When the Vgus exceeds VBUSovp, the IC:

1.  Turns off Q3
2. Suspends charging

3. Sets the FAULT bits to 001, sets the STAT bits to 11,
and pulses the STAT pin.

When Vpys falls about 150 mV below VBUSovp, the fault is
cleared and charging resumes after Vgys is revalidated (see
VBUS POR / Non-Compliant Charger Rejection).

VBUS Short While Charging

If VBUS is shorted with a very low impedance while the IC is
charging with Iinumir=100 mA, the IC may not meet
datasheet specifications until power is removed. To trigger
this condition, Vgus must be driven from 5V to GND with a
high slew rate. Achieving this slew rate requires a 0 Q short
to the USB cable less than 10cm from the connector.

Charge Mode Battery Detection & Protection

VBAT Over-Voltage Protection
The OREG voltage regulation loop prevents Vgar from

Battery Detection During Charging

The IC can detect the presence, absence, or removal of a
battery if the termination bit (TE) is set. During normal
charging, once Vgar is close to Voreg and the termination
charge current is detected, the IC terminates charging and
sets the STAT bits to 10. It then turns on a discharge current,
IoetecT, for toetect. If Veat is still above Voreg — Vren, the
battery is present and the IC sets the FAULT bits to 000. If
Vgar is below Vogea — Vren, the battery is absent and the IC:

1. Sets the registers to their default values.
2. Setsthe FAULT bits to 111.
3. Resumes charging with default values after tinT.

Battery Short-Circuit Protection

If the battery voltage is below the short-circuit threshold
(VsHorT); @ linear current source, IstorT, supplies Vear until
VBaT > VsHoRT.

System Operation with No Battery

The FAN54015 continues charging after VBUS POR with the
default parameters, regulating the Vgar line to 3.54 V until
the host processor issues commands or the 15-minute timer
expires. In this way, the FAN54015 can start the system
without a battery.

The FAN54015 soft-start function can interfere with the
system supply with battery absent. The soft-start activates
whenever Vorea, linum, Or locharge are set from a lower to
higher value. During soft-start, the I limit drops to 100 mA
for about 1ms unless Iinum is set to 11 (no limit). This could
cause the system processor to fail to start. To avoid this
behavior, use the following sequence.

1. Set the OTG pin HIGH. When VBUS is plugged in, linum
is set to 500 mA until the system processor powers up
and can set parameters through 1°C.

Program the Safety Register.

Set Iinumto 11 (no limit).

Set OREG to the desired value (typically 4.18).
Reset the IO_LEVEL bit, then set IOCHARGE.

6. Set Iinum to 500mA if a USB source is connected.

A

During the initial system startup, while the charger IC is
being programmed, the system current is limited to 500mA
for 1ms during steps 4 and 5. This is the value of the soft-
start ICHARGE current used when Iinuv is set to No Limit.

If the system is powered up without a battery present, the
CV bit should be set. When a battery is inserted, the CV bit
is cleared.

Charger Status / Fault Status
The STAT pin indicates the operating condition of the IC and
provides a fault indicator for interrupt driven systems.

Table 12. STAT Pin Function

overshooting the OREG voltage by more than 50 mV when EN_STAT Charge State STAT Pin

the battery is removed. When the PWM charger runs with no

battery, the TE bit is not set and a battery is inserted that is 0 X OPEN

charged to a voltage higher than Voreg; PWM pulses stop. If X Normal Conditions OPEN

no further pulses occur for 30 ms, the IC sets the FAULT bits -

0 100, sets the STAT bits to 11, and pulses the STAT pin. 1 Charging LOW

. 128us Pulse,
X Fault (Charging or Boost) then OPEN
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