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USB-OTG, 1.55 A, Li-lon Switching Charger with Power
Path and 2.3 A Production Test Support

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

Power Path Circuit Ensures Fast System Startup with a
Dead Battery when VBUS is Connected

= 1.55 A Maximum Charge Current
= Float Voltage Accuracy:
- +0.5% at 25°C
- %1% from O to 125°C
=  +50% Input and Charge Current Regulation Accuracy

=  Temperature-Sense Input Prevents Auto-Charging for
JEITA Compliance

=  Thermal Regulation and Shutdown

= 4.2V at 2.3 A Production Test Mode

= 5V, 500 mA Boost Mode for USB OTG
= 28V Absolute Maximum Input Voltage
= 6V Maximum Input Operating Voltage

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

- Input Current

- Fast-Charge / Termination Current
- Float 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

=  Dynamic Input Voltage Control

= Very Low Battery Current when Charger Inactive

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 FAN5404X family includes I°C controlled 1.55 A USB-
compliant switch-mode chargers with power path operation
and USB OTG hoost operation. Integrated with the charger,
the IC supports production test mode, which provides 4.2 V
at up to 2.3 A to the system.

To facilitate fast system startup, the IC includes a power
path circuit, which disconnects the battery from the system
rail, ensuring that the system can power up quickly following
a VBUS connection. The power path circuit ensures that the
system rail stays up when the charger is plugged in, even if
the battery is dead or shorted.

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 FAN5404X provides battery charging in three phases:
conditioning, constant current, and constant voltage. The
integrated circuit automatically restarts the charge cycle
when the battery falls below a voltage threshold. If the input
source is removed, the IC enters a high-impedance mode
blocking battery current from leaking to the input. Charge
status is reported back to the host through the I°C port.

Dynamic input voltage control prevents a weak adapter’s
voltage from collapsing, ensuring charging capability from
such adapters.

The FAN5404X is available in a 25-bump, 0.4 mm pitch,
WLCSP package.
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Figure 1. Typical Application
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Ordering Information

Part Number Temperature Range Package PN Bits: IC_INFO[5:3] | Packing Method
FAN54040UCX 000

FAN54041UCX 001
FAN54042UCX(1) 25-E.’>ump, Wafer-Level 010

) -40 to 85°C Chip-Scale Package Tape and Reel

FANS54045UCX (WLCSP), 0.4 mm Pitch 101
FAN54046UCX™" 110

FAN54047UCX 110

Note:

1. Contact Fairchild Sales for availability.

Table 1. Feature Comparison Summary

Part Number Slave Address Automatic Charge Battery Absent Behavior E1l Pin
FAN54040 1101011 Yes Off POK_B
FAN54041 1101011 No Off POK_B
FAN54042 1101011 Yes On POK_B
FAN54045 1101011 No Off ILIM
FAN54046 1101011 No On ILIM
FAN54047 1101011 Yes On ILIM
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Block Diagram
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PMID Q1A Q1B SYS Q4A Q4B
Greater than Vgar ON OFF Greater than Vgart ON OFF
Less than Vgar OFF ON Less than Vgar OFF ON
Figure 2. IC and System Block Diagram
Table 2. Recommended External Components
Component Description Vendor Parameter Typ. Unit
Taiyo Yuden MAKK2016T1ROM L 1.0 pH
L1 1 uH, 20%, 2.2 A, 2016 : -
a or Equivalent DCR (Series R) 75 mo
Murata: GRM188R60J106M
Cgar, Csys 10 pF, 20%, 6.3 V, X5R, 0603 TDK: C1608X5R0J106M C 10 ns
Murata: GRM188R60J475K @
Cwmip 4.7 uF, 10%, 6.3 V, X5R, 0603 TDK: C1608X5R0J475K C 4.7 uF
Murata GRM188R61E105K
Csus, 1.0 puF, 10%, 25V, X5R, 0603 TDK:C1608X5R1E105M C 1.0 ns
Q5 PMOS,12 V, 16 mQ, MLP2x2 Fairchild FDMA905P Rbs(on) 16 mQ
Crer 1 uF, 10%, 6.3 V, X5R, 0402 Cc 1.0 pF
Note:

2.

6.3 V rating is sufficient for Cuip since PMID is protected from over-voltage surges on VBUS by Q3.
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Pin Configuration

SDA (PGND| SW | PMID | VBUS
(AL} | (A2} | (A3} | (A4} | {A5}

SCL
(81} | (B2} | (B3} | (B4} | {BS)
DIS GATE
© e e
STAT SYS [VBAT [ NTC
D5
REF
® ® 6 @ @
Figure 3. Top View Figure 4. Bottom View
Pin Definitions
Pin # Name |Description
Al SDA I°C Interface Serial Data. This pin should not be left floating.
B1 SCL I°C Interface Serial Clock. This pin should not be left floating.

Disable. If this pin is held HIGH, Q1 and Q3 are turned off, creating a HIGH Z condition at VBUS and

c1 i the PWM converter is disabled.

Status. Open-drain output indicating charge status. The IC pulls this pin LOW when charge is in

D2 ST progress; can be used to signal the host processor when a fault condition occurs.

Power OK (FAN54040-2). Open-drain output that pulls LOW when VBUS is plugged in and the battery
El POK_B |has risen above Vi owy. This signal is used to signal the host processor that it can begin to draw
significant current.

Input Current Limit (FAN54045-7). Controls input current limit in Auto-Charge Mode. When LOW, input
El ILIM current is limited to 100 mA maximum. When HIGH, input current is limited to 500 mA. In 32-Second
Mode, the input current limit is set by the Igysym bits.

Power Ground. Power return for gate drive and power transistors. The connection from this pin to the

A2 - D2iiECHD bottom of Cmip should be as short as possible.

E2 AGND |Analog Ground. All IC signals are referenced to this node.

A3 -C3 SW Switching Node. Connect to output inductor.

System Supply. Output voltage of the switching charger and input to the power path controller. Bypass

D3-E3 1 SYS |5vs to PGND with a 10 uF capacitor.

Power Input Voltage. Power input to the charger regulator, bypass point for the input current sense.

A4-C4 PMID Bypass with a minimum of a 4.7 uF, 6.3 V capacitor to PGND.

Battery Voltage. Connect to the positive (+) terminal of the battery pack. Bypass with a 10 uF capacitor

D4-E4| VBAT to PGND. VBAT is a power path connection.

A5-B5 | VBUS |Charger Input Voltage and USB-OTG output voltage. Bypass with a 1 uF capacitor to PGND.

External MOSFET Gate. This pin controls the gate of an external P-channel MOSFET transistor used to
C5 GATE |augment the internal ideal diode. The source of the P-channel MOSFET should be connected to SYS
and the drain should be connected to VBAT.

Thermistor input. The IC compares this node with taps on a resistor divider from REF to inhibit auto-

D5 NTC charging when the battery temperature is outside of permitted fast-charge limits.
E5 REF Reference Voltage. REF is a 1.8 V regulated output.
© 2012 Fairchild Semiconductor Corporation www.fairchildsemi.com
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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 | Voltage on VBUS Pin Continuess , — 03 28.0 \Y
Pulsed, 100 ms Maximum Non-Repetitive -1.0
v, Voltage on PMID Voltage Pin -0.3 7.0 v
Voltage on SW, SYS, VBAT, STAT, DIS Pins -0.3 7.0
Vo Voltage on Other Pins -0.3 6.5 v
d\/d% Maximum Vgys Slope Above 5.5 V when Boost or Charger Active 4 V/us
Electrostatic Dis(cA?arge Human Body Model per JESD22-A114 2000 v
. Protection Level Charged Device Model per JESD22-C101 500
Air Ga 15
IEC 61000-4-2 System ESD | 50 ((\:/‘;E;‘fgthD) Coma; - KV
T, Junction Temperature -40 +150 °C
Tste Storage Temperature —65 +150 °C
TL Lead Soldering Temperature, 10 Seconds +260 °C

Note:
3. Lesserof6.5VorV,+0.3V.
4. Guaranteed if Cgys 21uF and Cyip = 4.7uF.

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
Vsus Supply Voltage 4 6 \%
Veatmax) | Maximum Battery Voltage when Boost enabled 4.5 Vv
_dVeus  |Negative VBUS Slew Rate during VBUS Short Circuit, Ta<60°C 4 Vigs
dt Cwmip < 4.7 pF, see VBUS Short While Charging Ta > 60°C 2
Ta Ambient Temperature -30 +85 °C
T, 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
Timax at a given ambient temperature Ta. For measured data, see Table 18.

Symbol Parameter Typical Unit
0;a Junction-to-Ambient Thermal Resistance (see also Figure 18) 50 °CIW
038 Junction-to-PCB Thermal Resistance 20 °C/IW

© 2012 Fairchild Semiconductor Corporation www.fairchildsemi.com
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Electrical

Unless otherwise specified: according to the circuit of Figure 1; recommended operating temperature range for T; and Ta;

Specifications

Vgus=5.0 V; HZ_MODE; OPA_MODE=0; (Charge Mode); SCL, SDA=0 or 1.8 V; and typical values are for T;=25°C.

Symbol Parameter Conditions Min. | Typ. | Max. | Unit
Power Supplies
Vsus > Vieusminy, PWM Switching 10 mA
VBus > Veusmin); Veat > Vores 25 mA
lveus VBUS Current lgusLim=100 mA '
0°C < T;<85°C, HZ_MODE=1 280 A
Veat < Viowv, 32S Mode, Ireg=0 H
| Battery Discharge Current in High- | DIS=1, or HZ_MODE-=1, <1 10 A
BAT_HZ Impedance Mode Vsus=0, 5 V or Floating, Vear=4.2 V H
| Battery Leakage Current to Vgys in | DIS=1, or HZ_MODE=1, 50 02 A
BUSHZ I High-lImpedance Mode Vasus Shorted to Ground, Vear=4.2 V : : M
Charger Voltage Regulation
Charge Voltage Range 3.5 4.4 \%
Y/ Ta=25°C -0.5 +0.5 %
OREC Charge Voltage Accuracy A
T,=0to 125°C -1 +1 %
Charging Current Regulation
IO_LEVEL=0 550 1550 mA
Output Charge Current Range Viowv < Veat < Vores
locHre IO_LEVEL=1 290 340 390 mA
Charge Current Accuracy I0_LEVEL=0 -5 +5 %
Weak Battery Detection
Weak Battery Threshold Range 3.4 3.7 \%
Viowv Weak Battery Threshold Accuracy -5 HS %
Weak Battery Deglitch Time Rising Voltage, 2 mV Overdrive 30 ms
Logic Levels : DIS, SDA, SCL

ViH High-Level Input Voltage 1.05 \%

Vi Low-Level Input Voltage 0.4 \%

N Input Bias Current Input Tied to GND or Vgus 0.01 1.00 pA

Charge Termination Detection
Termination Current Range VeaT > Vores — VReH, VBus > Vsip 50 400 mA
. . lteErM Setting < 100 mA -15 +15
I(TERM) Termination Current Accuracy - %
Iterm Setting > 200 mA -5 +5
Termination Current Deglitch Time 30 ms
Power Path (Q4) Control
IO_LEVEL=1 290 340 390 mA
Isusim > 01, -

ILN Power Path Max. Charge Current locharce < 02 JoL [ISHEL=0 400 450 R0 JnA
lausLm > 01, IO_LEVEL=0 | 650 | 725 | 800 | mA
locHarce > 02 -

v VBAT to SYS Threshold for Q4 and |(SYS-VBAT) Falling -6 -5 -3 mv

THSYS | Gate Transition While Charging (SYS-VBAT) Rising 1 +1 2 mv

Production Test Mode
Veatetvy | Production Test Output Voltage 1 mA<lgat <2 A, Vgys=5.5V 4.116 | 4.200 | 4.284 \Y,
IBAT(PTM) Production Test Output Current 20% Duty with Max. Period 10 ms 23 A
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Electrical Specifications (Continued)

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

Symbol Parameter Conditions Min. | Typ. | Max. | Unit
Input Power Source Detection
T1 T1 (0°C) Temperature Threshold 71.9 73.9 75.9
T2 T1 (10°C) Temperature Threshold 62.6 64.6 66.6 % of
T3 T1 (45°C) Temperature Threshold 31.9 32.9 34.9 VRer
T4 T1 (60°C) Temperature Threshold 21.3 23.3 25.3
Input Power Source Detection
VinMiNgL VBUS Input Voltage Rising To Initiate and Pass VBUS Validation 4.29 4.42 \%
ViNMIN2 Minimum VBUS during Charge During Charging 3.71 3.94 \
tveus_vaup | VBUS Validation Time 30 ms
Vgus Control Loop
VBusLM VBUS Loop Setpoint Accuracy ‘ -3 ‘ | +3 ‘ %
Input Current Limit
sy | Charger Input Current Limit lsusuim Set to 100 mA 88 93 98 -
Threshold lsusLim Set to 500 mA 450 | 475 | 500
Vrer Bias Generator
¥ Bias Regulator Voltage Veus > VinMiNy 1.8 \4
Short-Circuit Current Limit 25 mA
Battery Recharge Threshold
Vieen Recharge Threshold Below V(oreg) 100 120 150 mV
Deglitch Time Veat Falling Below Vgrch Threshold 130 ms
STAT, POK_B Output
Vsrtato) | STAT Output Low Istar=10 MA 0.4 \Y
IsTAT(OH) STAT High Leakage Current Vstat=5V 1 pA
Battery Detection
IoeTECT CB:ﬁttery Ealiap Current be(g())re Begins after Termination Detected -0.8 mA
arge Done (Sink Current)
toeTECT Battery Detection Time and Vear < Vores —Vecn 262 ms
Sleep Comparator
Ve \S/Liip—-'\\/l/sz Ay TrEsnele, 2.3V < Vaar < Voree, Vaus Falling o | 004 | 010 | Vv
Power Switches (see Figure 2)
Q3 On Resistance (VBUS to PMID) | Iinwmimy=500 mA 180 250
Roson Q1 On Resistance (PMID to SW) 130 225 mQ
Q2 On Resistance (SW to GND) 150 225
Q4 On Resistance (SYS to VBAT) | Vear=4.2V 70 100 mQ
lsvne Synchronous to Non-Sync(rg)ronous Low-Side MOSI_:E_T (Q2) Cycle-by- 140 mA
Current Cut-Off Threshold Cycle Current Limit

Continued on the following page...
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Electrical Specifications (Continued)

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

Symbol Parameter Conditions Min. | Typ. | Max. | Unit
Charger PWM Modulator
fsw Oscillator Frequency 2.7 3.0 3.3 MHz
Dwmax Maximum Duty Cycle 100 %
Dmin Minimum Duty Cycle 0 %
Boost Mode Operation (OPA_MODE=1, HZ_MODE=0)
2.5V <Vear<4.5V, l.oap from O to 4.80 507 520
200 mA
VBoosT Boost Output Voltage at VBUS \%
3.0V <Vear<4.5V, l.oap from O to 4.77 507 520
500 mA ) ) )
Ieat@oost) | Boost Mode Quiescent Current PFM Mode, Vgar=3.6 V, lLoap=0 250 350 pA
ILIMPK(BST) Q2 Peak Current Limit 1350 1550 1950 mA
Minimum Battery Voltage for Boost | While Boost Active 2.32
UVLOgst " \Y,
Operation To Start Boost Regulator 2.48 2.70
VBUS Load Resistance
] Normal Operation 500 kQ
Rvsus VBUS to PGND Resistance —
VBUS Validation 100 Q
Protection and Timers
VBUS Over-Voltage Shutdown Vgus Rising 6.09 6.29 6.49 \%
VBUSove - -
Hysteresis Vgus Falling 100 mV
1 Cycle-by-Cycle Peak Current
ILIMPK(CHG) Smity e-by-Ly Charge Mode 3 A
v Battery Short-Circuit Threshold Vgat Rising 1.95 2.00 2.05 \%
y Hysteresis 100 mV
. ) Power Path 13
IsHoRT Linear Charging Current VeaT < VSHORT - mA
Linear 30
Thermal Shutdown Threshold” T, Rising 145
TsHuTbwN NG - °C
Hysteresis T, Falling 25
Ter Thermal Regulation Threshold®” Charge Current Reduction Begins 120 °C
tinT Detection Interval 2.1 S
) ® Charger Enabled 20.5 25.2 28.0
ta2s 32-Second Timer - s
Charger Disabled 18.0 25.2 34.0
. . 15-Minute Mode (FAN54040, .
tismin 15-Minute Timer FAN54042, FAN54046, FAN54047) 12.0 135 15.0 min
At e 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 lsync.

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 Fast Mode Plus 1000 kHz
High-Speed Mode, Cg < 100 pF 3400
High-Speed Mode, Cg < 400 pF 1700
) Standard Mode 4.7
i
Fast Mode Plus 0.5
Standard Mode 4 us
tupera | START or Repeated START Hold Fast Mode 600 ns
’ Time Fast Mode Plus 260 ns
High-Speed Mode 160 ns
Standard Mode 4.7 us
Fast Mode 1.3 us
tLow SCL LOW Period Fast Mode Plus 0.5 us
High-Speed Mode, Cg < 100 pF 160 ns
High-Speed Mode, Cg < 400 pF 320 ns
Standard Mode 4 us
Fast Mode 600 ns
tHiGH SCL HIGH Period Fast Mode Plus 260 ns
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
Fast Mode Plus 260 ns
High-Speed Mode 160 ns
Standard Mode 250
tsupar | Data Setup Time Fast Mode 100 ns
Fast Mode Plus 50
High-Speed Mode 10
Standard Mode 0 3.45 us
Fast Mode 0 900 ns
tuo.oar | Data Hold Time Fast Mode Plus 0 450 ns
High-Speed Mode, Cg < 100 pF 0 70 ns
High-Speed Mode, Cg < 400 pF 0 150 ns
Standard Mode 20+0.1Cpg 1000
Fast Mode 20+0.1Cpg 300
treL SCL Rise Time Fast Mode Plus 20+0.1Cg 120 ns
High-Speed Mode, Cg < 100 pF 10 80
High-Speed Mode, Cg < 400 pF 20 160

Continued on the following page...
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I°’C Timing Specifications (Continued)

Guaranteed by design.

Symbol Parameter Conditions Min. Typ. | Max. Unit
Standard Mode 20+0.1Cp 300
Fast Mode 20+0.1Cp 300
trcL SCL Fall Time Fast Mode Plus 20+0.1Cp 120 ns
High-Speed Mode, Cg < 100 pF 10 40
High-Speed Mode, Cg < 400 pF 20 80
tne, | Rise Time of SCL after a Repeated High-Speed Mode, Cg < 100 pF 10 80 s
START Condition and after ACK Bit High-Speed Mode, Cg < 400 pF 20 160
Standard Mode 20+0.1Cpg 1000
Fast Mode 20+0.1Cp 300
trDA SDA Rise Time Fast Mode Plus 20+0.1Cp 120 ns
High-Speed Mode, Cg < 100 pF 10 80
High-Speed Mode, Cg < 400 pF 20 160
Standard Mode 20+0.1Cp 300
Fast Mode 20+0.1Cp 300
trpA SDA Fall Time Fast Mode Plus 20+0.1Cpg 120 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 FEELOHE 600 ns
Fast Mode Plus 120 ns
High-Speed Mode 160 ns
Cs Capacitive Load for SDA and SCL 400 pF
© 2012 Fairchild Semiconductor Corporation www.fairchildsemi.com
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Timing Diagrams

SU;STA [l
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Figure 5. I°C Interface Timing for Fast and Slow Modes
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REPEATED note A
START
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Note A: First rising edge of SCLH after Repeated Start and after each ACK bit.
Figure 6. I°C Interface Timing for High-Speed Mode
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Charge Mode Typical Characteristics

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

140 - 4.5 VBUS
- 5.0 VBUS
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Battery Voltage VBAT (V)

Figure 7. Battery Charge Current vs. Vgus With
lsusLiv=100 mA
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. . Figure 10. Efficiency vs. Charging Current,
Figure 9. Efficiency vs. Vaus, lsusLim=500 mA, lsys=0 9 X -harging
lgsusLiv=NoO Limit
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Charge Mode Typical Characteristics

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

Tek Stop | [ 5 ] Tek Prevu | [ 0 ]
! : : : : i v ! : : : ‘W
1BUS 4 X
: ' L
: ]EAT: «
(TH &
VBUS:
i ( J\ VBAT
sttt sty ] L T [ S R —3.2v
'Chl| IOOmAQBw| 100mv |V||100ms A| Ch1l 7-78.0maA 'Chl| 200mAQ&¢Ch2| 200mv fIVI|100msg A| Chi I—?ﬁ.UmA{

Ch3[ 100mAQ&Ch4[ 100mvV & Ch3[ 200mA QNERE[ 200mV &
Figure 11. Charger Startup at Vgus Plug-In, 100 mA Figure 12. Charger Startup at Vgus Plug-In, 500 mA
IBUSLIM, 3.2 VBAT, 100 Q SYS Load IINBUSLIM, 3.2 VBAT, 100 Q SYS Load
Tekstop |  — _ TekStop | i ]
A A A s A A 2 AR A : f T 98 :
: : : : I o i o : : : : :
R
................. > : :
: 4
............... SYS
SYS: ! ' VBAT
32V . VBAT e e ................. e
L Ch 1 200mA %Cha 200my M 100ms A Chi 7 52.0mA Chi| 500mA Q@B 100mv uM40.0ms A Chi J 70.0mA
Ch3[ 200mAQNEIE 200mV & Ch3[ 500mAQNCh4[ 100mvV &
Figure 13. Charger Startup at Vgsys Plug-In Using . . .
300 mA Current Limited Source, 500 mA lgusLim, Figure 1|4' CharggS%r nS;frltup W|th50HéBS|\t(SReLs(,)i:8500 A
3.2 Vgar, 50 Q SYS Load BUSLIM, CHARGE;
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Charge Mode Typical Characteristics

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

Te

kStop |

1
1

Tek Prevu | [ 3

] Trig?

fe B L A

VBAT

@i 500mAQHCh2 200mV

M20.0ms A Chi \ 110mA

Ch3[ 500mA Q&Ch4] 200mV

By

Figure 15. Battery Removal / Insertion while Charging,
TEIO, 3.9 VBAT, ICHRG:950 mA, lsusLim=NO Limit, 50 Q
SYS Load

Te

chil 500mAQ8/Cha| 200mv

M20.0ms A Chi \ 110mA

Ch3[ 500mA QEE] 200mV &

Figure 16. Battery Removal / Insertion when
Charging, TE=1, 3.9 Vgar, lcHre=950 mA, lgusLim=No
Limit, 50 Q SYS Load
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Figure 17. No Battery at Vgys Power-Up, FAN54040, 100 Q
SYS Load, 1 kQ Vgat Load

Figure 18. No Battery at Vgys Power-Up, FAN54042,
100 Q SYS Load, 1 kQ Vgat Load
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Charge Mode Typical Characteristics

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

High-Z Mode Input Current (pA)
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Figure 19. HZ Mode VBUS
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Figure 20. Vgrer vs. Load Current, Over-Temperature,

5.0 VBus
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Figure 21. Charging vs. Temperature (NTC), +30°C to -10°C Figure 22 Charging vs. Temperature (NTC), +30°C to +70°C
3.7 VgaT, lcHre=950 mA, No lgusLim, 100 Q SYS Load

3.7 VgaT, lcHre=950 mA, No IBUSLIM, 100 Q SYS Load
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GSM Typical Characteristics
A 2.0 A GSM pulse applied at VBAT with 5 ps rise / fall time. Simultaneous to GSM pulse, 50 Q additional load applied at SYS.

Tek Stop | i
. > 9 .

1
d

| BAT

S00mv  &M| 200ps |

b o

Al chi '\. BUUmA

Ch3| 500mAQ8Chd[ 500mv &

Figure 23. 2.0 A GSM Pulse Response, lgusLim=500 mA
Control, lcHre=950 MA, 3.7 Vgar, OREG=4.2 V

Tekstop_|

-8YS
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+ | GSM (2AN)

Ri i MMMMMMMWMMJMM
chl SOOmAQ “500mv 5M[200s| A Ch1 L -600ma

Ch3 500mAQMCh4| 500mv_ By

Figure 24. 2.0 A GSM Pulse Response, lgus.im=500 mA,
lchre=950 MA, 3.7 Va1, OREG=4.2 V, 200 mA Source
Current Limit
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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 25. Efficiency vs. lgus Over Vgar
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Figure 27. Regulation vs. Igys Over Vgar
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Figure 29. Quiescent Current (Iq) vs. Vear Over-
Temperature
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Figure 26. Efficiency vs. lgus Over-Temperature, 3.6 Vgar
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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 31. OTG Startup, 50 Q Load, 3.6 Vgar
External / Additional 10 pf on VBUS
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Figure 32. OTG Vgus Overload Response
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Figure 33. Load Transient, 20-200-20 mA Igys,
trise/FaLL=100 ns
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Figure 34. Line Transient, 50 Q Load, 3.9-3.3-
3.9 Vear, trise/FaLL=10 ps
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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.

FAN5404X 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 FAN5404X 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 FAN5404X has four 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.

4. Production Test Mode
This mode provides 4.2 V output on VBAT and supplies
a load current of up to 2.3 A.

Charge Mode
In Charge Mode, FAN5404X employs six regulation loops:

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

2. Charging Current: Limits the maximum charging current.
This current is sensed using an internal sense
MOSFET.

3. VBUS Voltage: This loop is designed to prevent the
input supply from being dragged below Vgusum (typically
4.5 V) when the input power source is current limited.
An example of this would be a travel charger. This loop
cuts back the current when Vgys approaches Vsusum,
allowing the input source to run in current limit.

4. Charge Voltage: The regulator is restricted from
exceeding this voltage. As the internal battery voltage
rises, the battery’s internal impedance works in
conjunction with the charge voltage regulation to
decrease the amount of current flowing to the battery.
Battery charging is completed when the current through
Q4 drops below the Iterm threshold.

5. Power Path: When Vgar is below Veatvin, Q4 operates
as a linear current source and modulates its current to
ensure that the voltage on SYS stays above 3.4 V.

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

Battery Charging Curve

If the battery voltage is below VsporT, a linear current source
pre-charges the battery until Vgar reaches Vsport. 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 FAN5404X is designed to work with a current-limited
input source at VBUS. During the current regulation phase of
charging, Isusuim or the programmed charging current limits
the amount of current available to charge the battery and
power the system. The effect of lgusLm ONn lcHarce can be
seen in Figure 36.
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Figure 35. Charge Curve, Icuarce NoOt Limited by linuim
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Figure 36. Charge Curve, lgusLim Limits lcharce

Assuming that Vogrec 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 Vorec 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 3.5V to 4.44 V in 20 mV increments, as
shown in Table 4.
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The following charging parameters can be programmed by
the host through I1°C:

Table 3. Programmable Charging Parameters

Charge Current Limit (locHarGE)

Table 5. locharge Current as Function of locharce
Bits (REG4 [6:3])

Parameter Name | Register DEC BIN HEX locuarae (MA)
Output Voltage Regulation VoreG REG2[7:2] 0 0000 0 550
Battery Charging Current Limit locHre REGA4[6:3] 1 0001 1 650
Input Current Limit linLim REG1[7:6] 2 0010 2 750
Charge Termination Limit ITErRM REG4[2:0] 3 0011 3 850
Weak Battery Voltage Viowv REG1[5:4] 4 0100 4 950
Table 4. OREG Bits (OREGJ[7:2]) vs. Charger Vour 5 0101 5 1,050
(Vores) Float Voltage 6 0110 6 1,150
Decimal | Hex |VOREG Decimal | Hex |VOREG 7 0111 7 1,250
0 00 3.50 24 18 3.98 8 1000 8 1,350
1 01 3.52 25 19 4.00 9 1001 9 1,450
2 02 3.54 26 1A 4.02 10-15 1010-1111 A-F 1,550
3 o 250 e/ B e When the I0_LEVEL bit is set (default), the locharce bits are
4 04 3.58 28 1C 4.06 ignored and charge current is set to 340 mA.
> 05 Sy 29 1D 4.08 PWM Controller in Charge Mode
6 06 3.62 30 1E 4.10
The IC uses a current-mode PWM controller to regulate the
’ o7 3.64 31 1F 4.12 output voltage and battery charge currents. The synchronous
8 08 3.66 32 20 4.14 rectifier (Q2) has a negative current limit that turns off Q2 at
9 09 3.68 33 21 416 140 mA to prevent current flow from the battery.
10 0A 3.70 34 22 4.18 Termination Current Limit
11 0B 3.72 35 23 4.20 Current charge termination is enabled when TE (REG1[3])=1.
12 oC 3.74 36 24 4.22 Typical termination current values are given in Table 6.
13 0D 3.76 37 25 4.24 Table 6. Termination Current as Function of ITERM
14 OE 3.78 38 26 4.26 Bits (REG4[2:0]) or PC_IT Bits (REG7[2:0]
15 OF 3.80 39 27 4.28 ITERM Bits or PC_IT Bits Termmatlo: Current
16 10 | 382 40 28 | 4.30 (mA)
17 11 | 3.84 41 29 4.32 0 50
1 100
18 12 3.86 42 2A 4.34
19 13 3.88 43 2B 4.36 2 o0
. . 3 200
20 14 3.90 44 2C 4.38 4 250
21 15 | 3.92 45 2D 4.40 5 300
22 16 3.94 46 2E 4.42 6 350
23 17 3.96 47 - 63 | 2F-3F 4.44 7 400
Note:

9. Default settings are denoted by bold typeface.
Provided DIS, CE# and HZ_MODE are LOW, a new charge
cycle begins when one of the following occurs:

1. The battery voltage falls below Vores - Vren after
charge termination has occurred.

2. Any I>C write occurs causing the T32 s timer to run.

Products that include the auto-charge feature also begin
charging if:

3. VBUS Power-on-Reset (POR) occurs and the battery
voltage is below the weak battery threshold (Viowv).

When the charge current falls below ltgrv; PWM charging
stops, but the STAT pin remains LOW. The STAT pin then
goes HIGH and the STATUS bits change to CHARGE DONE
(10), provided the battery and charger are still connected.

A post-charging feature, “top-off’ charging, is available to
continue the battery charging to a lower charge current to
maximize battery capacity. The PC_EN bit must be set to 1
before the battery charging current reaches the termination
current lterm for normal charging. The post-charging
termination current is set by the PC_IT[2:0] bits, as shown in
Table 6. If PC_EN is set to 1; right after the normal charging
is ended as described above, post charging is started with
PC_ON monitor bit set to 1. Once the current reaches the
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threshold for post-charging completion, PWM charging stops
and PC_ON bit changes back to 0.

During post-charging, the STAT pin is HIGH, indicating that
the charge current is below the lrerm level. To exit post-
charging, one of the following must occur: a Vgus POR, the
POK_B cycled when Vgar <3.0V, or the CE# or HZ_Mode
bit cycled.

Safety Timer

At the beginning of charging, the IC starts a 15-minute timer
(tismin ). When this timer times out, charging is terminated.
Writing to any register through 1°C stops and resets the tismin
timer, which in turn starts a 32-second timer (ts2s). Setting
the TMR_RST bit (REGO[7]) resets the tzzs timer. If the tszs
timer times out; charging is terminated, the registers are set
to their default values, and charging resumes using the
default values with the tisyn timer running.

Normal charging is controlled by the host with the ts,s timer
running to ensure that the host is alive. Charging with the
tismin timer running is used for charging unattended by the
host. If the tismin timer expires, the IC turns off the charger
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.

Veus POR / Non-Compliant Charger Rejection

256 ms after VBUS is connected, the IC pulses the STAT pin
and sets the VBUS_CON bit. Before starting to supply
current, the IC applies a 110 Q load from VBUS to GND.
Vgus must remain above Viywminye and below VBUSove for
tveus_ vap (32 ms) before the IC initiates charging or
supplies power to SYS. The Vgys validation sequence
always occurs before significant current is drawn from VBUS
(for example, after a VBUS OVP fault or a Vrcn recharge
initiation). tveus_vaLp ensures that unfiltered 50/60 Hz
chargers and other non-compliant chargers are rejected.

USB-Friendly Boot Sequence

At Vgus POR, when the battery voltage is above the weak
battery threshold (VLowv); the IC operates in accordance with
its 1°C register settings. If Vgar < Viowv and tsps is not
running, the IC sets all registers to their default values and
begins to deliver power to SYS.

FAN54040, FAN54042, and FAN54047 feature auto-charge,
which allow these parts to deliver charge to the battery prior
to receiving host commands.

FAN54041 does not automatically initiate charging at Vgus
POR. Instead, it waits in IDLE state for the host to initiate
charging through I°C commands. While in IDLE state, Q4
and Q5 are on. This allows the system to run through a
separate power path without requiring an additional
disconnection MOSFET.

Power Path Operation

As long as Vear < Veatmin, Q4 operates as a linear current
source, (Power Path Mode) with its current limited to
340 mA. The IC then regulates SYS to 3.54 V and attempts
to charge the battery with as much current as possible with
the available lgysum input current, without allowing SYS to
drop below 3.4 V. This ensures that system power always
receives first priority from a limited input supply. During this

time, POK_B is HIGH. If Vgar < Vsuort, Q4’s current is
further reduced to about 13 mA (Isnort) When Igusiiv is set to
100 or 500 mA. For all other input current limits, lsnorT
current is approximately 30 mA.

The POK_B signal can be used to keep the system in a low-
power state, preventing excessive loading from the system
while attempting to charge a depleted battery.

Table 7. VBATMIN Thresholds to Exit Power Path
Mode

lgusLim (MA) Veatmin (V)
100 3.4
500 3.3
800 3.2
No Limit 3.2

After Vear reaches Veatmin, Q4 closes and is used as a
current-sense element to limit lcyarce per the 1’Cc register
settings by limiting the PWM modulator’s current (Full PWM
Mode). During PWM Mode, if SYS drops more than 5 mV
(VrHsys) below Vgar, Q4 and Q5 are turned on (GATE is
pulled LOW). Once SYS voltage becomes higher than Vgar,
Q5 is turned off and Q4 again serves as the current-sense
element to limit locHARGE.

Q4 and Q5 are both turned on when the IC enters SLEEP
Mode (VBUS < VBAT)-

POK_B pulls LOW once Vgar reaches Viowy, and remains
LOW as long as the IC is in Full PWM Mode. The IC remains
in Full PWM Mode as long as Vgar > 3.0V, at which point,
the IC enters Power Path Charging Mode.

Startup with a Dead Battery

At Vgus POR, a 2 kQ load is applied to VBAT for 256 ms to
discharge any residual system capacitance in case the
battery is absent or its discharge protection switch is open.

If Veat < Viowv, all registers are reset to default values and
the IC charges in T15Min Mode. If Vgar < Vshort, the
SAFETY reqister is reset to its default value and the Battery
Detection test below is performed.

Battery Detection

If Vgar is below Vshorr When charging is enabled, the
DBAT_B bit is reset and the IC (except FAN54045 and
FAN54046) performs an addition battery detection test.

After Vgar rises above Vsnort, PWM charging begins (when
CE# = 0) with the float voltage (Vorec) temporarily setto 4 V.
If the battery voltage exceeds 3.7 V within 32 ms of the
beginning of PWM charging, the battery is absent. If battery
absence is detected:

1. STAT pulses, with FAULT bits set to 111, and the
NOBAT bit is set.

2. For FAN54040 only; the tismin timer is disabled until
Veus is removed, IDLE state is entered, and POK_B
remains HIGH.

3. The IC bypasses the protection switch close test below,
since no battery is present.

The FAN54042 and FAN54047 continue to charge.

If Vear remained below 3.7 V during the initial 32 ms period,
Power Path Mode charging continues to ensure that the
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battery’s discharge protection switch has closed before
exiting Power Path Mode:

1. If Vgaris less than 3.4V, Vsys is set to 4 V, and Power
Path charging continues until Vgar has exceeded 3.4 V
for at least 128 ms. Charging continues until:

2. Vgar has dropped below 3.2 V for at least 32 ms. Once
this occurs, Vsys returns to the OREG register setting
(default 3.54 V).

3. Vgar has again risen above Vgatmin for at least 4 ms.

After these three events, PWM Mode is entered and the IC
sets the DBAT_B bit. If the host sets the DBAT_B bit
(Reg2[1]), events 1 and 2 above are skipped and PWM
Mode is entered once Vgar rises above Veatmin.

In a typical application, as soon as the host processor has
cleared its UVLO threshold (typically 3.3 V), the host’'s low
level software would set the IBUSLIM and IOCHARGE
registers to charge the battery more rapidly above Vearmin as
soon as the host determines that more than 100 mA is
available through VBUS (see Figure 37).

Once the host processor begins writing to the IC, charge
parameters are set by the host, which must continually reset
the tsps timer to continue charging using the programmed
charging parameters.

If t3s times out; the register defaults are loaded, the FAULT
bits are set to 110, STAT is pulsed, and charging continues
with default charge parameters in T15MIN Mode for the
FAN54040, FAN54042, and FAN54047.

POK_B (see Table 8)

The POK_B pin and bit are intended to provide feedback to
the baseband processor that the battery is strong enough to
allow the device to fully function. Whenever the IC is
operating in Power Path Mode, POK_B is HIGH. On exiting
Power Path Mode, POK_B remains HIGH until Vgar > Viowy.
Reg1[5:4] sets the Vi owv threshold.

The STAT pin pulses any time the POK_B pin changes.

Table 8. Q4, Q5, POK_B, and GATE Operation vs. Charging Mode

Q4 CC-CV Control VBus Veat Vsys Q4 | Q5 |GATE|POK_B
Power Path Mode: Maintain Vsys > 3.4 V Valid < VBATMIN <3.4 |Linear |OFF| HIGH HIGH
Power Path Mode: Limit Icyarce < 340 mA Valid < VBATMIN > 3.4 |Linear | OFF| HIGH HIGH
) > Veatmin @nd < Viowv HIGH
PWM Mode. Q4 Senses Current for lcharce Valid X ON |OFF| HIGH
> Viowv LOW
OFF <Vpat X X ON | ON | LOW | HIGH
Note:
10. POK_B remains LOW until Q4 returns to Power Path Mode. Q4 and Q5 are both ON if Vsys < Vear and CE# = 0.
If CE# = 1 and Vsys < Vear, Q5 is OFF and Q4 blocks current flow from VBAT to SYS.
Table 9. Q4, Q5 Operation as a Function of Relationship between Vgys and Vgar
PWM Charger CE# VBus Veat Q4 Q5 GATE
< Vsys,
ON PWM Mode 0 Valid >VBATMIN ON OFF HIGH
> Vsys,
ON PWM Mode 0 Valid >VBATMIN ON ON LOW
ON Disabled Valid X OFF OFF HIGH
2V <Vpar<
ON Power Path Charging 0 Valid VBaTMIN Linear OFF HIGH
OFF 30 mA Linear Charging Valid <2 Vpar ON ON LOW
OFF OFF X X X ON ON LOW
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System Wake-up

Load Low-level
software

Determine USB
power available

Battery

Installed? NO HALT

YES

Set Safety
Register

Set IINLIM per USB
power available,
reset I0_LEVEL and
set IOCHARGE bits

Set TMR_RST bit DEADBAT
every 10 sec. bit SET?

2 minutes
elapsed?

SET
DEADBAT bit

Set all charge
parameters

Load full

POK_B =07 functionality

Figure 37. Recommended Host Software Sequence when Booting with Dead Battery
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Battery Temperature (NTC) Monitor The host processor can disable temperature-driven control

The FAN5404X reduces the maximum charge current and ~ ©Of charging parameters by writing 1 to the TEMP_DIS bit.
termination voltage if an NTC measuring battery temperature ~ Since TEMP_DIS is reset whenever the IC resets its
(Tear) indicates that it is outside the fast-charging limits (T2~ registers, the temperature controls are enforced whenever
to T3), as described in the JEITA specification’. There are ~ the IC is auto-charging, since auto-charge is always
four temperature thresholds that change battery charger ~ Preceeded by a reset of registers.

operation: T1, T2, T3, and T4, shown in Table 10. To disable the thermistor circuit, tie the NTC pin to GND.
Before enabling the charger, the IC tests to see if NTC is
Table 10. Battery Temperature Thresholds shorted to GND. If NTC is shorted to GND, no thermistor
For use with 10 kQ NTC, B = 3380, and Rger = 10 kQ. readings occur and the NTC_OK and NTC1-NTC4 is reset.
Threshold Temperature % of Vrer The IC first measures the NTC immediately prior to entering
" any PWM charging state, then measures the NTC once per
T 0°C 739 second, updating the result in NTC1-NTC4 bhits (Reg
T2 10°C 64.6 12H[3:0)).
T3 45°C 32.9 Table 13. NTC1-NTC4 Decoding
T4 60°C 233 Tgar (°C) NTC4 | NTC3 | NTC2 | NTC1
Above T4 1 1 1 1
Table 11. Charge Parameters vs. Tgat
Between T3 and T4 0 1 1 1
Tear (°C) 'CHAR_GE _VFLOAT Between T2 and T3 0 0 1 1
Below T1 Charglng(Itl)) VBAT Disabled Between T1 and T2 0 0 0 1
Between T1 and T2 locHARGE /2 40V Below T1 0 0 0 0
Between T2 and T3 locHARGE VoRrec
Between T3 and T4 locharce / 2™ 40V
Above T4 Charging to VBAT Disabled
Note:
11. If locuarce is programmed to less than 650 mA, the
charge current is limited to 340 mA.
Thermistors with other B values can be used, with some shift
in the corresponding temperature threshold, as shown in
Table 12.
Table 12. Thermistor Temperature Thresholds
Rrer = Rturwm at 25°C
Parameter Various Thermistors
Rrurmesec) 10 kQ 10 kQ 47 kQ 100 kQ
B 3380 3940 4050 4250
T1 0°C 3°C 6 8
T2 10°C 12°C 13 14
T3 45°C 42°C 41 40
T4 60°C 55°C 53 51
' Japan Electronics and Information Technology Industries
Association (JEITA) and Battery Association of Japan. “A Guide to
the Safe Use of Secondary Lithium lon Batteries in Notebook-type
Personal Computers,” April 28, 2007.
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Flow Charts

VBUS POR

HZ or

. T32Sec
Vear > Viow YES DISABLE Pin NO Armed? YES—
set?
NO
NO v
YES
Ready State
HZ, or
DISABLE Pin YES—®» HZ State
set?

T32Sec

Armed? YES——— | Charge State |«——

A

Reset all registers

Start To,qec

Figure 38. Charger Vgys POR Flow Chart

PWM = OFF
Q4, Q5=ON

RUN
NO T32Sec

Ready State

VBAT > VLOWV?
[-—

YES

HZ or
DISABLE Pin
set?

YES—»| HZ_STATE

NO

T32Sec
—No Armed? YES—»| Charge State

Figure 39. Ready State Flow Chart
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CHARGE STATE

YES
NO

YES
Linear Charging *
Enable PWM
—YES

Vear < V.
Reset Safety reg BAT ™~ YSHORT

Battery
Present?

NO
~&YES Enunciate
battery absent
fault

Running?

NO

NO
IDLE State
NO Vear < Veatmin ON
YES

Battery absent
behavior?

OFF

Protection
switch closed?

— YES

IDLE State

Enable PowerPath
charging

Enable PWM
charging

NP Battery Removed
Batt
> ’ eryo NO—» Reset charge
;rlSMINTEOés:j NO-P»- lour < Irerm Present? parameters &
FZrzaioiu] 2 and TE=1 | Safety Regs
YES

Indicate Charge
Complete

YES

PWM ON
Q4 and Q5 OFF

Indicate timer fault

Vear <

NO
N|O VOREG_VRCH
\ 4 ?
IDLE State Indicate VBUS Disable PWM for YES
Fault 2 seconds
YES
CHARGE \ \ A
STATE
Figure 40. Charge State Flow Chart
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PWM = OFF
HZ Stat
ate Q4, Q5 = ON
Reset T15min
LOW

Stop T32Sec |4

Run T32Sec
¢ NO

HZ_MODE or
DIS pin set?

’@

YES VBAT > VLOWV? YES—

‘

NO

Timer
Armed? NOP»| IDLE STATE
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Start timer and GOTO
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'4_

Figure 41. HZ State

PWM = OFF
T32Sec
Armed? NO
YES

HZ or
DISABLE Pin
set?
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Figure 42. IDLE State

Charge State NO
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Charge Start

Start TI5MIN

Reset Registers |-

YES

T32SEC

Start T32SEC
Stop T15MIN

T15MIN
Active?

Timer Fault YES
PWM = OFF

I>C Write
Received?

NO | .
Expired?

NO

T15MIN
Expired?

Continue
Charging

Figure 43. Timer Flow Chart for FAN54040, FAN54042, FAN54047

Charge Start
from Host control

TMR_RST
Bit Set?

T32SEC
Expired?

Timer Fault
Stop PWM and
Reset Registers

YES

Figure 44. Timer Flow Chart for FAN54041

Input Current Limiting

To minimize charging time without overloading VBUS current
limitations, the IC’s input current limit can be programmed by
the lgusLim bits (REG].[76])

Table 14. Input Current Limit

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

For the FAN54041, no charging occurs automatically at
VBUS POR, so the input current limit is established by the
Isusuim bits.

VBUS Control loop

The IC includes a control loop that limits input current in
case a current-limited source is supplying Vgus.

The control increases the charging current until either:
- lsusuim OF locharce IS reached  OR
*  Vgus=VsusLm.

If Veus collapses to Vsusum, the VBUS loop reduces its
current to keep Veus=Vsusum- When the VBUS control loop
is limiting the charge current, the VLIM bit (REG5[3]) is set.
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Table 15. Vgys Limit as Function of VBUSLIM Bits
(REG5[2:0])

VeusLim (REG5[2:0])

DEC BIN HEX VBusLiM
0 000 0 4.213
1 001 1 4.293
2 010 2 4.373
3 011 3 4.453
4 100 4 4,533
5 101 5 4.613
6 110 6 4.693
7 111 7 4.773

Safety Settings

The IC contains a SAFETY register (REG6) that prevents
the values in OREG (REG2[7:2]) and IOCHARGE
(REGA4[7:4]) from exceeding the values of the VSAFE and
ISAFE values.

After Vgar rises above Vsuort, the SAFETY register is
loaded with its default value and may be written to only
before writing to any other register. The same 8-bit value
should be written to the Safety register twice to set the
register value. After writing to any other register, the
SAFETY register is locked until Vgar falls below Vsporr.

The ISAFE (REG6[7:4]) and VSAFE (REG6[3:0]) registers
establish values that limit the maximum values of locharce
and Vogrec Used by the control logic. If the host attempts to
write a value higher than VSAFE or ISAFE to OREG or
IOCHARGE, respectively; the VSAFE, ISAFE value appears
as the OREG, IOCHARGE register value, respectively.

Table 16. Maximum locharce @S Function of ISAFE
Bits (REG6[7:4])

DEC BIN HEX locrarcEMAx) (MA)
0 0000 0 550
1 0001 1 650
2 0010 2 750
3 0011 3 850
4 0100 4 950
5 0101 5 1,050
6 0110 6 1,150
7 0111 7 1,250
8 1000 8 1,350
9 1001 9 1,450

10-15 1010-1111 A-F 1,550

Table 17. Vsare (Vores Limit) as Function of VSAFE
Bits (REG6[3:0])

VSAFE (REG6[3:0])
OREG Max. | VOREG
DEC | BIN | HEX | pEGo[7:2]) | Max.
0 0000 0 100011 4.20
1 0001 1 100100 4.22
2 0010 2 100101 4.24
3 0011 3 100110 4.26
4 0100 4 100111 4.28
5 0101 5 101000 4.30
6 0110 6 101001 4.32
7 0111 7 101010 4.34
8 1000 8 101011 4.36
9 1001 9 101100 4.38
10 1010 A 101101 4.40
11 1011 B 101110 4.42
12-15 | 1100-1111 C-F 101111-110010 4.44

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 Tshurpown;
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.

Additional 0;1 data points, measured using the FAN54040
evaluation board, are given in Table 18 (measured with
Ta=25°C). Note that as power dissipation increases, the
effective 0,4 decreases due to the larger difference between
the die temperature and ambient.

Table 18. Evaluation Board Measured 0;4

Power (W) 6:a
0.504 54°C/W
0.844 50°C/W
1.506 46°C/IW
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Charge Mode Input Supply Protection

Sleep Mode

When VBus falls below Veat + Vsip and VBus is above VIN(MIN),
the IC 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 Vgys during charging. If Vsus
falls below Vinginy, the IC:

1. Terminates charging

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

If Vsus recovers above the Viywmin 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 Vgys exceeds VBUSovp, the IC:

1. Turns off Q3
2. Suspends charging

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

When Vgys falls about 100 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 lgusumr=100 mA, the IC may not meet
datasheet specifications until power is removed. To trigger
this condition, Vegys 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 10 cm from the connector.

SYS Short During Discharge / Supplemental Mode
Caution should be taken to ensure the SYS pin is not
shorted when connected to a battery. This condition can
induce high current flow through the BATFET (Q4) until the
battery’s own safety circuit trips. The resulting high current
can damage the IC.

Charge Mode Battery Detection & Protection
Vgar Over-Voltage Protection

The OREG voltage regulation loop prevents Vgar from
overshooting Vores by more than 50 mV when 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 charged to a
voltage higher than Vores; PWM pulses stop. If no further
pulses occur for 30 ms, the IC sets the FAULT bits to 100,
sets the STATUS bits to 11, and pulses the STAT pin.

Battery Detection During Charging

The IC can detect the presence, absence, or removal of a
battery if the termination bit (TE) is set and CE# = 0. During
normal charging, once Vgar is close to Vores and the charge
current falls below lterm; the PWM charger continues to
provide power to SYS and Q4 is turned off. It then turns on a
discharge current, lpetect, for toetect. If Vaar is still above
Voreec — Vrch, the battery is present and the IC sets the
STATUS bits to 10 (Charge Done). If Vgar is below Vores —
Vreh, the battery is absent and the IC:

1. Sets the charging parameters to their default values.

2. Sets the FAULT bits to 111 (Battery Absent) and sets
the NOBAT bit.

3. If EOC=0, the IC turns off the PWM for tnt, then
resumes charging. If the battery is still absent, the
battery absent fault is then re-enunciated every tiyr.

4. If EOC = 1, the PWM remains on to provide power to
SYS, but charge termination and the battery absent test
are performed every tir.

Linear Charging

If the battery voltage is below the short-circuit threshold
(VsHorT); @ linear current source, Isnort, charges Vear until
VBAT > VSHORT.

For IsusLim settings of 100 mA or 500 mA, the linear charging
current is typically 13 mA. For higher lgusum settings, the
linear charging current is increased to 30 mA.

Charger Status / Fault Status

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

Table 19. STAT Pin Function

EN_STAT Charge State STAT Pin
0 X OPEN
X Normal Conditions OPEN
1 Charging LOW
. 128 ps Pulse,
X Fault (Charging or Boost) then OPEN

The FAULT bits (R0[2:0]) indicate the type of fault in Charge
Mode (see Table 28).

Production Test Mode (PTM)

PTM provides 4.2V at up to 2.3 A to VBAT when Vgys =
5.5V £5%.

The IC enters PTM when the PROD bit is set and the
NOBAT bit is HIGH, indicating that the IC has detected
battery absence. A battery absence detection test after
VBUS POR is performed automatically for FAN54040,
FAN54042, and FAN54047 only.

A battery-absent detection test can be performed at any time
by setting the TE bit, setting Vorec to at least 4.0 V, then
resetting the CE# bit. If no battery is present; charge
termination occurs, followed by a battery absent test, which
sets the NOBAT bit. Battery-absence detection is completed
within 500 ms from the time that CE# is set.
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In PTM, GATE is LOW, Q4 and Q5 are on, and all auxiliary
control loops are disabled. Only the OREG loop is active,
which controls Vear to 4.2V, regardless of the OREG
register setting. Thermal shutdown remains active.

During PTM, high current pulses (load currents greater than
1.5 A) must be limited to 20% duty cycle with a minimum
period of 10 ms.

Charge Mode Control Bits

Setting either HZ_MODE through I°C or DIS pin to HIGH
disables the charger, puts the IC into High-Impedance Mode,
and stops tszs. If Vear < Viowv while in High-Impedance
Mode, tss begins running and, when it overflows, all
registers (except SAFETY) reset, which enables tismin
charging on versions with the 15-minute timer if DIS=0.

When tismin overflows, the IC enters High-Impedance Mode
(IDLE). A new charge cycle can only be initiated through 1’c
or VBUS POR.

Setting the RESET bit clears all registers. If HZ_MODE bit
was set when the RESET bit is set, this bit is also cleared,
but the tsps timer is not started and the IC remains in High-
Impedance Mode.

Table 20. DIS Pin and HZ_MODE Bit Functionality

Charging DIS Pin HZ_MODE
ENABLE 0 0
DISABLE X 1
DISABLE 1 X

Raising the DIS pin stops ts;s from advancing, but does not
reset it. If the DIS pin is raised during tismin Charging, the
tismin timer is reset. CE# determines whether charging to
Vgar is enabled or not.

Boost Mode

Boost Mode can be enabled if the IC is in 32-Second Mode
by setting the OPA_MODE bit HIGH and clearing the
HZ_MODE bit.

Table 21. Enabling Boost

The “droop” caused by the output resistance when a load is
applied allows the regulator to respond smoothly to load
transients with no undershoot from the load line. This can be
seen in Figure 33 and Figure 45.
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Figure 45. Output Resistance (Rour)

Veus as a function of l.oap can be computed when the
regulator is in PWM Mode (continuous conduction) as:

Vour =907 =Royr ¢liow EQ.1
At Vgar=3.0 V and I.0Ap=300 mA, Vgys drops to:

Vour =5.07-0.3000.3 =4.98V EQ.2
At Vgar=3.6 V and l.oap=500 mA, Vpys drops to:

Vour =5.07-0.240.5 =495V EQ.3

PFM Mode

If Veus > VREFgoost (nominally 5.07 V) when the minimum
off-time ends, the regulator enters PFM Mode. Boost pulses
are inhibited until Vgus < VREFgoost. The minimum on-time
is increased to enable the output to pump up sufficiently with
each PFM boost pulse. Therefore, the regulator behaves like
a constant on-time regulator, with the bottom of its output
voltage ripple at 5.07 V in PFM Mode.

HZ_MODE OPA_MODE BOOST Table 22. Boost PWM Operating States

0 1 Enabled Mode Description Invoked When
1 X Disabled LIN Linear Startup Vgat > Veus
X 0 Disabled SsS Boost Soft-Start Vgus < Vast

To remain in Boost Mode, the TMR_RST must be set by the . Vgar > UVLOgst and

! = BST Boost ting M

host before the t3zs timer times out. If t3;s times out in Boost S Gl g Ly b SS Completed

Mode; the IC resets all registers, pulses the STAT pin, sets

the FAULT bits to 110, and resets the BOOST bit. VBUS  Startup

POR or reading RO clears the fault condition.

Boost PWM Control

The IC uses a minimum on-time and computed minimum off-
time to regulate Vgus. The regulator achieves excellent
transient response by employing current-mode modulation.
This technique causes the regulator to exhibit a load line.
During PWM Mode, the output voltage drops slightly as the
input current rises. With a constant Vgar, this appears as a
constant output resistance.

When the boost regulator is shut down, current flow is
prevented from Vgar to Veus, as well as reverse flow from
Vpus t0 Vpart.
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LIN State

When EN rises, if Vgar > UVLOgst; the regulator first
attempts to bring PMID within 400 mV of Vgar using an
internal 450 mA current source from VBAT (LIN State). If
PMID has not achieved Vgar — 400 mV after 560 us, a
FAULT state is initiated.

SS State

When PMID > Vgar — 400 mV, the boost regulator begins
switching with a reduced peak current limit of about 50% of
its normal current limit. The output slews up until Vgys is
within 5% of its setpoint; at which time, the regulation loop is
closed and the current limit is set to 100%.

If the output fails to achieve 95% of its setpoint (Vgst) within
128 us, the current limit is increased to 100%. If the output
fails to achieve 95% of its setpoint after this second 384 us
period, a fault state is initiated.

BST State

This is the normal operating mode of the regulator. The
regulator uses a minimum tore-minimum ton modulation

scheme. The minimum toge iS proportional to VIN_ | which
Vout
keeps the regulator's switching frequency reasonably

constant in CCM. tonviny iS proportional to Vear and is a
higher value if the inductor current reached 0 before torrviny
in the prior cycle.

To ensure Vgys does not overshoot the regulation point, the
boost switch remains off as long as Vrs > Vrer@sT).

Boost Faults

If a BOOST fault occurs:

1. The STAT pin pulses.

2. OPA_MODE bit is reset.

3. The power stage is in High-Impedance Mode.

4. The FAULT bits (REGO0[2:0]) are set per Table 23.

Restart After Boost Faults

OPA_MODE is reset on boost faults. Boost Mode can only
be re-enabled by setting the OPA_MODE bhit.

Table 23. Fault Bits During Boost Mode

Fault Bit

Fault Description

B2|B1|BO
0 |Normal (no fault)
Veus > VBUSove
Vgus fails to achieve the voltage required to
ol1lo advance to the next state during soft-start

or sustained (>50 us) current limit during the
BST state.

VeaT < UVLOgsT

NA: This code does not appear.

Thermal shutdown

Timer fault; all registers reset.

=)
Rlkr|lo|lo|r
R|lo|lkr|O|R

NA: This code does not appear.

Monitor Registers (Reg10H, Reg11H)

Additional status monitoring bits enable the host processor
to have more visibility into the status of the IC. The monitor
bits are real-time status indicators and are not internally
debounced or otherwise time qualified.

The state of the MONITOR register bits listed in High-
Impedance Mode is valid only when Vays is valid.

I°C Interface

The FAN5404X’s serial interface is compatible with
Standard, Fast, Fast Plus, and High-Speed Mode 1>’C bus
specifications. The FAN5404X SCL line is an input and the
SDA line is a bi-directional open-drain output; it can only pull
down the bus when active. The SDA line only pulls LOW
during data reads and when signaling ACK. All data is
shifted in MSB (bit 7) first.

Slave Address
Table 24. I°C Slave Address Byte

7 6 5 4 3 2 1 0

1 1 0 1 0 1 1

RIW

In hex notation, the slave address assumes a 0 LSB. The
hex slave address is D6H for all parts in the family. Other
slave addresses can be accommodated upon request.
Contact a Fairchild Semiconductor representative.

Bus Timing

As shown in Figure 46, data is normally transferred when
SCL is LOW. Data is clocked in on the rising edge of SCL.
Typically, data transitions shortly at or after the falling edge
of SCL to allow ample time for the data to set up before the
next SCL rising edge.

A Data change allowed
SDA |
th |
_— -
t
SCL = - \

Figure 46. Data Transfer Timing

Each bus transaction begins and ends with SDA and SCL
HIGH. A transaction begins with a START condition, which is
defined as SDA transitioning from 1 to O with SCL HIGH, as

shown in Figure 47

\  to
SDA ‘ HD;STA

SCL
Figure 47. Start Bit

Slave Address
MS Bit
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Transactions end with a STOP condition, which is SDA
transitioning from 0 to 1 with SCL HIGH, as shown in Figure 48.

SDA X
SCL _\—/7

Figure 48. Stop Bit

During a read from the FAN5404X (Figure 51), the master
issues a Repeated Start after sending the register address
and before resending the slave address. The Repeated Start
is a 1-to-0 transition on SDA while SCL is HIGH, as shown in
Figure 49.

High-Speed (HS) Mode

The protocols for High-Speed (HS), Low-Speed (LS), and
Fast-Speed (FS) Modes are identical except the bus speed
for HS Mode is 3.4 MHz. HS Mode is entered when the bus
master sends the HS master code 00001XXX after a start
condition. The master code is sent in Fast or Fast Plus Mode
(less than 1 MHz clock); slaves do not ACK the
transmission.

Slave Releases ;| Master Drives

tho;sto
-

—

ACK(0) or
NACK(1)

The master then generates a repeated start condition
(Figure 49) that causes all slaves on the bus to switch to HS
Mode. The master then sends I°C packets, as described
above, using the HS Mode clock rate and timing.

The bus remains in HS Mode until a stop bit (Figure 48) is
sent by the master. While in HS Mode, packets are
separated by repeated start conditions (Figure 49).

Slave Releases

x ACK(0) or § /[ sLapor
SPA )

Figure 49. Repeated Start Timing

fsusta i thpisTa

e 7 bits—>| 0

l«——8 bits —={ 0

Read and Write Transactions

The figures below outline the sequences for data read and
write. Bus control is signified by the shading of the packet,

Master Drives Bus

defined as ‘ and ‘ Slave Drives Bus

All addresses and data are MSB first.

Table 25. Bit Definitions for Figure 50 - Figure 53

Symbol Definition

S START, see Figure 47

ACK. The slave drives SDA to 0 to acknowledge

A the preceding packet.

= NACK..The slave sends a 1 to NACK the
preceding packet.

R Repeated START, see Figure 49

P STOP, see Figure 48

Multi-Byte (Sequential) Read and Write
Transactions

Sequential Write (Figure 52)

The Slave Address, Reg Addr address, and the first data
byte are transmitted to the FAN5404x in the same way as in
a byte write (Figure 50). However, instead of generating a
Stop condition, the master transmits additional bytes that are
written to consecutive sequential registers after the falling
edge of the eighth bit. After the last byte written and its ACK
bit received, the master issues a STOP bit. The IC contains
an 8-bit counter that increments the address pointer after
each byte is written.

Sequential Read (Figure 53)

Sequential reads are initiated in the same way as a single-
byte read (Figure 51), except that once the slave transmits
the first data byte, the master issues an acknowledg]e
instead of a STOP condition. This directs the slave’s I°C
logic to transmit the next sequentially addressed 8-bit word.
The FAN5404x contains an 8-bit counter that increments the
address pointer after each byte is read, which allows the entire
memory contents to be read during one I°C transaction.

l«——8 bits — 0

| S | Slave Address \ 0 | A Reg Addr A Data A \ P |
Figure 50. Single-Byte Write Transaction
-« 7 bits — 0 f«—8hits— = 0| |+—7bits—s{ 0 l+—8bis— =1
\ S | Slave Address | 0 \ A Reg Addr AR | SaveAddess |1]A Data ry | P |
Figure 51. Single-Byte Read Transaction
la——7 bits —m] 0 («——28 bits—»{ 0 («——8 bits —m» 0 f«——8 bits——m| 0 l«——8 bits—» 0
\ S | Slave Address | 0 | A |  RegAddrn A Data A Data A AlP \
Addr=n Addr = n+1 Addr = n+2 etc.
Figure 52. Multi-Byte (Sequential) Write Transaction
le——7 bits —m 0 t«—8bits—»{ 0 ta——7 bits —»| 0 «——8 hits—»{ 0 [«——8 hits—» 0 «——8 bits—»{ 1
S| SlaveAddess |0 |A| RegAddrn |A|R| SaveAddress |1 |A Data A Data K\ P
Addr = n Ackr = n+1 Addr = n+1 Addr = n+2 etc

Figure 53. Multi-Byte (Sequential) Read Transaction
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Register Descriptions

The eight user-accessible IC registers are defined in Table 26.
Table 26. I°C Register Address

Register Address Bits
Name REG# 7 6 5 4 3 2 1 0
CONTROLO OH 0 0 0 0 0 0 0 0
CONTROL1 1H 0 0 0 0 0 0 0 1
OREG 2H 0 0 0 0 0 0 1 0
IC_INFO 3H 0 0 0 0 0 0 1 1
IBAT 4H 0 0 0 0 0 1 0 0
VBUS_CONTROL 5H 0 0 0 0 0 1 0 1
SAFETY 6H 0 0 0 0 0 1 1 0
POST_CHARGING 7H 0 0 0 0 0 1 1 1
MONITORO 10H 0 0 0 1 0 0 0 0
MONITOR1 11H 0 0 0 1 0 0 0 1
NTC 12H 0 0 0 1 0 0 1 0
WD_CONTROL 13H 0 1 1 0 1 1 0 0

Table 27. Register Bit Definitions
This table defines the operation of each register bit for all IC versions. Default values are in bold text.

Bit Name Value | Type Description
CONTROLO Register Address: 00 Default Value=0100 0000
7 TMR RST 0 W ertln_g a 1_res_ets the tszs timer; writing a 0 has no effect.
- Reading this bit always returns 0
0 RIW Prevents STAT pin from going LOW during charging; STAT pin still pulses to
6 EN_STAT enunciate faults
1 Enables STAT pin to be LOW when IC is charging
00 R |Ready
01 PWM Enabled. Charging is occurring if CE# = 0.
5:4 STAT
10 Charge done
11 Fault
R |IC is not in Boost Mode
3 BOOST —
IC is in Boost Mode
2:0 FAULT R | Table 28. Charger Mode Faults

Fault Bit

1

Fault Description

Normal (No Fault)

VBUS OVP

Sleep Mode

Poor Input Source

Battery OVP

Thermal Shutdown

Timer Fault

RPlIRP|IP|IP|IO|O|O|OI|N

RP|IP|IO|O|FR,|PL|O|O

P ORP|O|FRP|O|FL|O|O

No Battery

For Boost Mode faults, see Table 23
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Bit Name Value |Type Description
CONTROL1 Register Address: 01 Default Value=0011 0X00
7:6 lsusLim R/W | Input current limit; defaults to 00 (100 mA), see Table 14
00 R/W 3.4V
5.4 \Y o1 35V Weak batt ltage threshold
: eak battery voltage thresho
rowy 10 36V yvotad
11 3.7V
3 TE 0 R/W |Disable charge current termination
1 Enable charge current termination
) CE# 0 R/W | Charging enabled. Default for FAN54040, FAN54042, FAN54047.
1 Charging disabled. Default for FAN54041, FAN54045 , FAN54046.
0 R/W | Not High-Impedance Mode
1 HZ_MODE -
1 High-Impedance Mode
See Table 21
0 R/W |Charge Mode
0 OPA_MODE
y 1 Boost Mode
OREG Register Address: 02 Default Value=0000 1000 (08H)

Charger output “float” voltage; programmable from 3.5 to 4.44 V in 20 mV
increments; defaults to 000010 (3.54 V), see Table 4.

Indicates that the IC detected a dead battery after VBUS_POR and that the charger
has not yet completed the three steps to ensure that the battery’s protection switch
is closed if a battery is present, as described in the Dead Battery section on page
21. Writing a 0 to this bit is ignored.

The IC sets this bit to 1 if any of the following are true:

1 DBAT_B 1. Dead Battery (Veat < Vsuort) wWas not detected at VBUS_POR.

2. The IC has completed the three steps to ensure that if the battery is

1 present, the battery’s protection switch has closed, as described in the
Dead Battery section on page 21.

If the host sets this bit while the IC is charging the battery and DBAT_B is LOW,

the three steps are aborted and normal Power Path or PWM charging proceeds.

7:2 OREG R/W

If no battery is detected when a full battery (end of charge) is reached, PWM stops,
0 R/W | Q4 and Q5 remain on, and the charger automatically restarts after two seconds with
0 EOC TE and CE# bits unchanged.

If no battery is detected when a full battery (end of charge) is reached, the PWM
charger stays on, allowing the host processor to continue to run with no battery.

IC_INFO Register Address: 03 Default Value=100X XXXX
7:6 | Vendor Code 10 R | ldentifies Fairchild Semiconductor as the IC supplier
5:3 PN
2:0 REV R IC Revision, revision 1.X, where X is the decimal of these three bits

IBAT Register Address: 04 Default Value=1000 0001 (81H)

Writing a 1 resets all registers, except the Safety register (Reg6), to their defaults:
writing a 0 has no effect; read returns 1

6:3 IOCHARGE | Table5 | R/W |Programs the maximum charge current, see Table 5
2:0 ITERM Table 6 | R/W |Sets the current used for charging termination, see Table 6

Py

Part number bits, see the Ordering Info on page 2

7 RESET 1 W
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Bit Name Value |Type Description
VBUS_CONTROL Register Address: 05 Default Value=001X X100
7 Reserved 0 R | This bit always returns 0
6 PROD 0 R/W | Charger operates in Normal Mode.
1 Charger operates in Production Test Mode.
5 10 LEVEL 0 R/W | Battery current is controlled by IOCHARGE bits.
- 1 Battery current control is set to 340 mA.
4 VBUS_CON R gr:gggc:lsteffot;aé \t/;Uls’ g;-?%epté:égcsﬁg) or 3.8 V (falling). When VBUS_CON
: sp 0 R VBUS control loop is not active (Vgys is able to stay above Vgysiim)
1 VBUS control loop is active and Vgus is being regulated to Veusiim
2.0 VBUSLIM Table 15 | R/W |VBUS control voltage reference, see Table 15
SAFETY Register Address: 06 Default Value=0100 0000 (40H)
7.4 ISAFE Table 16 | R/W | Sets the maximum locrarce Value used by the control circuit, see Table 16
3.0 VSAFE Table 17 | R/W | Sets the maximum Vorec used by the control circuit, see Table 17
POST_CHARGING Register Address: 07 Default Value=0000 0001 (01H)
These bits determine whether a battery absent detection will be performed when
the NTC reading indicates out-of-range when charging.
[7:6] When NTC goes out-of-range
00 Always do battery absent detection
76 BDET RIW 01 Disable detection in Normal Mode
10 Disable detection when Reg FA = B5 (PWM running after charge
done.
11 NTC out-of-range in charge done does not cause battery absent
detection.
After charger termination, in the charge done state, these bits control VBUS loading
to improve detection of AC power removal from the AC adapter.
[5:4] VBUS loading in Charge Done State:
5:4 | VBUS_LOAD 0 R/W 00 None
01 Load VBUS for 4 ms every two seconds
10 Load VBUS for 131 ms every two seconds
11 Load VBUS for 135 ms every two seconds
3 e = 0 R/W | Post charging or background charging feature is disabled
- 1 Post charging or background charging feature is enabled
2.0 PC_IT Table 6 | R/W |Sets the termination current for post or underground charging, see Table 6
MONITORO Register Address: 10H (16) Default Value=XXX0 XXXX (XXH)
7 ITERM_CMP R ITERM comparator output, 1 when Icuarce > IterM reference
6 VBAT_CMP R | Output of VBAT comparator, 1 when Vgar < Veus
5 LINCHG R |1 when 30 mA linear charger ON (Vgar < VstHorrT)
4 T 120 R The_rmal (egulati.o.n comparator, 1 Wh.en.thg die temperature is greater than 120°C.
- During this condition, charge current is limited to 340 mA.
3 ICHG R | Oindicates the ICHARGE loop is controlling the battery charge current.
IBUS R | Oindicates the IBUS (input current) loop is controlling the battery charge current.
VBUS_VALID R |1 indicates Vgus has passed validation and is capable of charging.
0 cv R 1 indicat_es_ t_he constant-voltage loop (OREG) is controlling the charger and all
current limiting loops have released.
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Bit Name Value |Type Description
MONITOR1 Register Address: 11H (17) Default Value=XX1X XXXX
0 R |GATE pinis LOW, Q5 is driven on.
7 GATE _ ;
1 GATE pin is HIGH, Q5 is off.
6 VBAT 0 R Veat < Veatmin in PP charging, Veat < Viow in PWM Charging
1 Veat > Veatmin in PP charging, Vgat > Viow in PWM Charging
0 POK_B Pin is LOW.
5 POK_B R/W ——— — — -
- 1 POK_B Pin is HIGH. Writing to this bit sets the POK_B pin.
0 R |DIS pinis LOW.
4 DIS_LEVEL .
1 DIS pin is HIGH.
1 R |Battery absence
3 NOBAT
0 Battery presence
) PC ON 1 R |Post charging (background charging) is under progress.
- 0 Post charging (background charging) is not under progress.
1:0 Reserved 0 R | These bits always return O.
NTC Register Address: 12H (18) Default Value=000X XXXX
7:6 Reserved 00 R | These bits always return 0.
0 R/W |NTC Temperature measurement results affect charge parameters.
5 TEMP_DIS y NTC Temperature measurement results do not affect charge. Temperature
measurements continue to be updated every second in the NTC1-4 monitor bits.
4 NTC_OK R 0 if NTC is either shorted to GND, open, or shorted to REF.
3 NTC4 R |1 indicates that NTC is above the T4 threshold.
2 NTC3 R |1 indicates that NTC is above the T3 threshold.
— : See Table 10 — Table 13
1 NTC2 R |1 indicates that NTC is above the T2 threshold.
0 NTC1 R 1 indicates that NTC is above the T1 threshold.
WD_CONTROL Register Address: 13H (19) Default Value = 0110 1100
7 Reserved 0 R/W | These bits do not change the function of the IC.
6:5 Reserved 11 R/W | These bits do not change the function of the IC.
4 Reserved 0 R/W | These bits do not change the function of the IC.
3 Reserved 1 R/W | These bits do not change the function of the IC.
0 VREG is off
2 EN_VREG RIW _
b 1 VREG is on
0 Watchdog timer (T32S) operation normal
1 WD_DIS R/W - -
1 Watchdog timer (T32S) disabled.
0 Reserved 0 R | This bit always returns 0
RESTART Register Address: FAH (250) Default Value = 1111 1111
7:0 RESTART W Writing B5H restarts charging when the IC is in the charge done state. This register
reads back FF.
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PCB Layout Recommendation

Bypass capacitors should be placed as close to the IC as routed directly to their bypass capacitors using the top
possible. In particular, the total loop length for CMID should copper layer. The copper area connecting to the IC should
be minimized to reduce overshoot and ringing on the SW, be maximized to improve thermal performance. See the
PMID, and VBUS pins. Power and ground pins should be layout recommendations in Figure 54.

UBUS
_CBUS

L1

USsYS CSYS CBﬁT

Figure 54. PCB Layout Recommendation
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Physical Dimensions
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i I — 00000
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A SEATING PLANE
SIDE VIEWS
NOTES:
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A ‘ 20.260:0 8 B. DIMENSIONS ARE IN MILLIMETERS.
‘ d‘> g 25X C. DIMENSIONS AND TOLERANCE
©OO0D| E PER ASMEY14.5M, 1994.
QOO0 b
ST 1O otc DATUM C IS DEFINED BY THE SPHERICAL
T 19@0Q00| 8 [ (0018 CROWNS OF THE BALLS.
O D0 &~ A
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—1 = (X)£0.018 A FOR DIMENSIONS D, E, X, AND Y SEE
TABLE BELOW.
BOTTOM VIEW

G. DRAWING FILNAME: MKT-UC025AArev2.

Figure 55. 25-Ball WLCSP, 5X5 Array, 0.4 mm Pitch, 250 um Ball

Product-Specific Dimensions

Product D E X Y

FAN5404XUCX 2.40 +0.030 2.00 +0.030 0.180 0.380

Package drawings are provided as a service to customers considering Fairchild components. Drawings may change in any manner without
notice. Please note the revision and/or date on the drawing and contact a Fairchild Semiconductor representative to verify or obtain the most
recent revision. Package specifications do not expand the terms of Fairchild’s worldwide terms and conditions, specifically the warranty
therein, which covers Fairchild products.

Always visit Fairchild Semiconductor’s online packaging area for the most recent package drawings:
http://www.fairchildsemi.com/dwg/UC/UC025AA.pdf.
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Sync-Lack™
SYSTEM
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TinyLogic®
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TinyPower™
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problern and encourage our customers to do their part in stopping this practice by buying direct or from authorized distributors.

PRODUCT STATUS DEFINITIONS

Definition of Terms

Datasheet Identification

Product Status

Definition

Advance Information

Formative / In Design

Datasheet contains the design specifications for product development. Specifications may change
in any manner without notice.

Preliminary

First Production

Datasheet contains preliminary data; supplementary data will he published at a later date. Fairchild
Semiconductar reserves the right to make changes at any time without notice to imprave design.

No Identification Needed

Full Praduction

Datasheet contains final specifications. Fairchild Semiconductor reserves the right to make
changes at any time without notice to imprave the design.

Ohsolete

Nat In Production

Datasheet contains specifications on a product that is discontinued by Fairchild Semiconductor.
The datasheet is for reference information anly.
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