FANS54511

3.2 A Dual Input, Switch
Mode Charger with Power
Path

Description

The FAN5451x family of chargers includes 8@ kcontrolled 3.2 A
USBicompliant switcimode charger.

To facilitate fast system startup, the IC includes an optimized Power
Path circuit which also accurately measures battery currents during
charging and provides low impedance during discharge.

The charging parameters and operating modes are programmable
through an 4C Interface. Charge status is reported back to the host ol
through the4C port and the / STAT pin.

The FAN5451x provides battery charging in three modes:svsus
PreiCharge (IPP), Constant Current (G£)d Constant Mtage(CV).

The charger can automatically restart the charge cycle when the
battery falls below a restart voltage threshold. If the input source.is
removed, the IC enters a hifmpedance mode, blocking, battery
current from leaking to either input.

The FAN5451x is available in a 6Bump, 0.4 mm pitch WLCSP
package.
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Features
X Fully Integrated, HighEfficiency Chager.for SingleCell Li‘ilon

and LiTPolymer Battery-Packs
X Power Path Circuit ensures Fast' System Startup with a.Dead Battery
X 95% Charge Efficiency
X Charge Current Programmable-up to 3.2A
X 10 mV Float Voltage Accuracy
X r5% Charge Current Regulation.Accuracy
X5V, 1.5 A Boost\Mode for USB OT.G
X22 V DC Withstand Voltage.on'VBUS
X13.25:V{Maximum Input Operating Voltage
X 12V Input Reverse Polarity Protection

Benefits

X Secondary Input for Wireless Charging

XDynamic Input Voltage Control (DIVC) for Operation
with Weak Adapters

XUSB BC1.2 Compatible

XProgrammable 10 mA LDO

XProgrammable Safety Timer with Reset Control

XPin Configurable Ship Mode prevents Battery
Discharge to System Load

Regulation

Applications
XSmart Phones
X Tablets

XeiBooks
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Figure 1. Typical Application

ORDERING INFORMATION

XHigh iSpeed4C Interface
(3.4 Mb/s) with Fast Mode Plus Compatibility

XLi lon Powered Devices

See detailed ordering and shipping information on page 2 of
this data sheet.

XPin or Software Configurable Hardware Reset for
Quick System Restart
XBattery Temperature Sensing Ensures SedéCharge
Operation (JEITA)
XThermal Shutdown and Programmable Thermal

Publication Order Number:

FAN54511/D
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FAN54511

Table 1. ORDERING INFORMATION

Part Number Package Packing Method

FAN54510AUCX 63 T Bump, Wafer iLevel Chip_Scale Package (WLCSP) Tape and Reel
0.4 mm Pitch

FAN54511AUCX

FAN54511APUCX

FAN54512AUCX

FAN54513AUCX

tFor information on tape and reel specifications, including part orientation and tape sizes, please refer to our Tape and Reel Packaging
Specifications Brochure, BRD8011/D.

Table 2. DEVICE ORDERING INFORMATION

BC1.2
BC1.2 SDP CDP/DCP Igus Current | Igys Current
PN Bits: Isus Isus ILIM Limit Limit
Slave IC_INFOI[ BC1.2 Current Current Pin (ILIM Pin = (LM Pin =
Part Number Address 5:3] Detection Limit Limit Control HIGH) LOW)
: Safety
FAN54510A ON 2 min. :
(Note 1) 1101011 _ 000 (D+, D) @500 mA @l'l'slr(lJﬁoe:nA OFF N/A N/A
OFF
FANS54511A 1101011 _ 001 (GPO1,GPO2) N/A N/A ON 500 mA 1500 mA
OFF
FANS4511AP 1101010_ 001 (GPO1,GPO2) N/A N/A ON 500,mA 1500 mA
. Safety
FANS54512A ON 45 min. 1
(Note 1) 1101011 _ 010 (O+, D) @100 mA @]'-I'Slrgg:nA OFk N/A N/A
OFF
FAN54513A 1101011 _ 011 (GPO1,GPO?2) N/A N/A ON 100 mA 1500 mA

1. Contact ON for these options.

WWW. onsemi.com
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FAN54511

STATE DIAGRAMS
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Figure 2. Charger State Diagram: State and Mode Transitions
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UPPLEMENTAL
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Figure 3. Charger State Diagram: Charger/Battery/System Protection

STANDBY
Buck Off, Q4 On, OTG =(Q

BOOSTEN.=Q or
T3> TsHUTDOWN OF
VBAT </ UVLOgsr OF

twp expired.or
DIsS=1

BOOSTEN-=1 &
VBAT > UVLOBST

BOOSTEN=0or
T3 > TsHUTDOWN OF
VBAT < UVLOggT 0Or

twp expired-or
DIS=1

BOOST ENABLED

Figure 4. Boost State Diagram
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FAN54511

BLOCK DIAGRAM AND SYSTEM DIAGRAMS
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Figure 7. FAN54511A, FAN54511AP, FAN54513A System Diagram
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FAN54511

RECOMMENDED EXTERNAL COMPONENTS

Table 3. RECOMMENDED EXTERNAL COMPONENTS

Component Description Vendor Parameter Typ. Unit
L1 LO w207 100%, 414, 2520X | SEMCO CIGT252010EHIROMNE - I
: DCR 26 | m
Cgar (Note 2) 22 F, 6.3V, 20%, X5R, 0603 TDK C1608X5R0J226M c 22
Cwmip x 2 (Note 3) 10 F, 25V, 10%, X5R, 0805 Murata GRM219R61E106M c 10 F
Caus, CIN 1.0 F, 25V, 10% X5R, 0603 M#éﬁ?&%ggfggféf&gﬂ'( C 10 | nF
Csvs (Note 4) 10 F, 6.3V, 20%, X5R, 0603 Murata GRM188R60J106M c 10
Crer, Crea: CLoo 1.0 F, 10V, 20%, X5R, 0402 Murata GRM155R61A105M c 1.0 F
CrooT 10 nF, 10 V, 10%, X7R, 0201 Murata GRMO33R71A103K c 10
RREF 10k R 100 | K
Rpu 1M R 1 | ™

2. A minimum effective capacitance of 3.6 F is required after accounting for tolerance, temperature, and aging.
3. A minimum effective capacitance of 8 F is required after accounting for tolerance, temperature, and aging.
4. Including CSYS, a minimum effective system capacitance (distributed) of 20 _Fafter accounting for tolerance, temperature, and aging is

required.
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Figure 8. WLCSP 163 Pin Assignments
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Table 4. PIN DEFINITIONS

FAN54511

Pin #

Name

| Tvee |

Description

POWER GROUND (LOCAL PGND) REFERENCED PINS

Wireless Charger Input Voltage. From wireless receiver or second

Al Bl VIN P input power source. Bypass VIN to PGND with 1 F.
c1 D1 VBUS p Charger Input Voltage. USB adapter input source also used for the USB i1OTG output
’ voltage. Bypass VBUS to PGND with 1 F.

A2, A3, A5, B2iBS5, PMID PEP Power Input Voltage. Power input to the charger regulator, bypass point for the input

C2iC5, D2 current sense. Bypass PMID to PGND locally with a minimum of 2x Cyp.

A6, B6, C6, D6 SW P Switching Node. Connect to inductor L1 and CBOOT.

A4 BOOT p gwtstrap. High side NMOS Driver Bias. Connect a 10 nF capacitor between BOOT and

E7, F5iF7 SYS P System Supply. Connect system load here. Bypass SYS to PGND locally with Cgys.

G51G7, H7 BAT p Battery \/pltage. Connect to the positive (+) terminal of the battery pack. Bypass BAT to
PGND with Cgar-

E1 LDO AO Linear Regulator. LDO is for powering external €ircuitry. Default output-is'4:95 V when
VBUS or VIN is valid.
Power Ground. Power return for gate drive and powentransistors.-The connection from

A7,B7,C7,D7 PGND PG these pins to the ground pads of €y p and Csygshould.be as'short as possible. Refer to

Recommended Component Placement.

ANALOG GROUND (AGND) REFERENCED PINS

E2 REG AFP Internal Regulator. Bypass with a 1~ F capacitor to AGND
Battery Voltage Sense. Connect this-pin as close to battery,terminal as possible using
Gl BATSNS Al a single trace: Do not use as ajpower pin.
H1 REE AO Reference Voltage. REF‘is'a‘1.8 V regulated outptt-used in conjunction with the NTC pin
to determine the battery, temperature. Connect to a1 F capacitor to AGND.
Negative Temperature Coefficient Resistor. Pin is connected to the NTC terminal of the
J2 NTC Al battery pack with a 10'k jexternal.pull Tup resistor to the REF pin. Note: Other values of
the pull/up resistoer and-NTC-may)be used. See applications section for more detail.
D5, E3iES6, F1iF3, Analog Ground, All IC signals are referenced to this node. Connect to PGND at a single
G2, G3, AGND AGND || point. Referto Recommended Component Placement.
H2, H3, J1, J7

SYSTEM GROUND (PGND) REFERENCED P

INS

Positive'USB data line (FAN54510A, FAN54512A only). Used for BC1.2 adapter detec-

x> O tion-of SDP, DCP, or CDP device connection.
D4
GPO1 DO General Purpose Output 1 (FAN54511A, FAN54511AP, FAN54513A only). CMOS output
driver that is sourced from the LDO output.
Di Al/O Negative USB data line (FAN54510A, FAN54512A only). Used for BC1.2 detection of
! SDP or DCP/CDP device connection.
D3
GPO2 DO General Purpose Output 2 (FAN54511A, FAN54511AP, FAN54513A only). CMOS output
driver that is sourced from the LDO output
I2C Interface Serial Data. Open idrain, Bi idirectional 12C serial data line. This pin should
F4 SDA DO | ot be left floating.
I2C Interface Serial Clock. I2C communication clock input. This pin should not be left
G4 SCL DI .
floating.
Input Current Limit for VBUS (FAN54511A, FAN54511AP, FAN54513A only). Input LOW
sets the input current limit to 1.5 A and HIGH sets to 500 mA (FAN54511A, FAN54511AP
Ha ILIM DI only) or 100 mA (FAN54513A only). This pin is internally pulled down through a1 M

resistor.

ILIM pin functionality is disabled for FAN54510A and FAN54512A versions where it is
recommended to tie ILIM to AGND or PGND.

WWW. onsemi.com
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FAN54511

H5

/SHIP

DI

Ship Mode Enable (Active iLow). If this pin is held LOW for more than tsypenTER dUring
any other state, Ship Mode is entered and the battery is fully isolated from the system
load. If /SHIP is held LOW again for more than tgypext, Ship mode is disabled and Q4
is configured to allow the battery to discharge to the system load. Ship mode can also be
exited, automatically, by applying a valid input source. Tie this pin to BAT usinga 1 M :
pull iup resistor for devices with embedded batteries.

H6

/INOK

DO

VIN Power Okay (Active iLow). Active low, open idrain output indicates that the input
source voltage at VIN has risen above Vsource(risg) and passed validation, and a valid
VBUS is not present. /INOK remains low while V|y raLL) < Vin < Vinovp and Viy > Vpar.

/INOK will be HIGH if /BUSOK is LOW.

Ja

/STAT

DO

Status (Active iLow). Open idrain output indicating charge status. The IC pulls this pin
LOW when charging is in progress, and can be used to signal the host processor or
drive an LED.

J5

/BUSOK

DO

VBUS Power Okay (Active iLow). Active low, open idrain output indicates that the input
source voltage at VBUS has risen above Vsoyrce(risg) and passed validation. /BUSOK
remains low while Vs (raLL) < Veus < Veusovp and Vgus > Vgar.

J6

/INT

DO

Interrupt (Active iLow). Active low, open idrain output indicates that an interrupt bit or bits
have been set. This pin is reset to HIGH after all set interrupt register bit(s) are read.
This pin is not pulled LOW when an interrupt occurs-that'is masked by the associated
mask bit.

J3

DIS

DI

Disable. If this pin is held HIGH, the PWM<€onverter is disabled, creating a high imped-
ance path between VBUS/VIN and SYS. This pin has.aninternal LM pull idown.

5. Pin Types iA = Analog, D = Digital, P = Power, | = Input, O = Output, G = Ground, FP = Filter Point

WWW. onsemi.com
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ABSOLUTE MAXIMUM RATINGS

Stresses exceeding the absolute maximum ratings mayaddition, extended exposure to stresses above the
damage the device. The device may not function or berecommended operating conditions may affect device
operable above thecommended operating conditions and reliability. Theabsolute maximum ratings are stress ratings
stressing the parts to these levels is not recommended. lonly.

Table 5. ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Min Max Unit
VBUS, PMID Voltage, Maximum Slew Rate of 2 V/ s (Note 6) 2.0 22.0
VIN Voltage, Maximum Slew Rate of 2 V/ s (Note 6) 2.0 16.0
BOOT Voltage 10.3 19.0
Vbc DC i0.3 14.0
SW Voltage -
Transient: <5 ns 1.0 17.0 \%
. 6.5
SYS, BAT Voltage 0.3 (Note 7)
. . 6.5
Vpco Voltage on Other Pins i0.3 (Note 7)
Electrostatic Discharge Protection Level, HBM VBUS, PMID VR BOORSY 1250
per JESD221A114 All OtherPins 2000
ESD : v
Electrostatic Discharge Protection Level, CDM .
per JESD22 iC101 il R
T; Junction Temperature 140 +150 €
Tste Storage Temperature 165 +150 €
T Lead Soldering Temperature, 10 Seconds +260 €

6. Positive slew rate applies only to voltages above the VIN_OYP'or VBUS' OVP threshold:
7. Lesserof 6.5V or Vgar + 0.3 V.

RECOMMENDED QPERATING CONDITIONS

The Recommended Operating Conditions table definesperformance to the datasheet specifications. On
the conditions for actual device“operation.\RecommendedSemiconductor does not recommend exceeding them or
operating conditions are <specified \to~ensure ‘optimal designing to Absolute Maximum Ratings.

Table 6. RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min. Max. Unit
VgUs, VIN Supply Voltage 4.50 13.25 \%

Ta Ambient Temperature 130 +85 €

T, Junction Temperature 130 +100 ¢

CgaT Minimum Effective Capacitance on VBAT 3.6 F

CmiD Minimum Effective Capacitance on PMID VgsT=5V 8 F

Cavs DISTRIBUTED Minimum Effective Capacitance on SYS (includes Csys and 20 F

- distributed system capacitance)

CLpo Minimum Effective Capacitance on LDO 0.4 F

CRrEG Minimum Effective Capacitance on REG 0.4 F

WWW. onsemi.com
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THERMAL PROPERTIES

Junctionito Tambientthermal resistance is a function of JEDECstandard JESD51. Special attention must be paid not
application and board layout. This data is measured withto exceed junction temperaturghax)at a given ambient
fourilayer 2s2pboards without vias in accordance to temperature g.

Table 7. THERMAL PROPERTIES

Symbol Parameter Typical Unit
IA Junction ito TAmbient Thermal Resistance 40 €W
B Junction ito iBoard Thermal Characterization Parameter (Evaluation Board) 4.3 €W

Table 8. ELECTRICAL SPECIFICATIONS
Unless otherwise specified: Vgys = 5.0 V; Vgat = 3.7 V; HZMODE = “0"; BOOSTEN = “0” (Charge Mode); TREGTH = 120 &; Ireg = ILpo
=0A; SCL, SDA =0 or 1.8 V; and typical values are for Ty =25 ¢

Symbol Parameter Conditions Min. Typ. Max. Unit
POWER SUPPLIES
VBUs > Vsource(RIsE): ViN Open; 4 mA
PWM Switching; Igat = Isys =.0A
VIN > VsouRrce(rise) ; Vaus Open;
lsource VBus or Viy Current PWM Switching; Ipar= lsys = 0A 4 mA
HZMODE-= “1"; Vsource >
200 400 A
VsourcerIse) NTC'=GND
Sleep State; Vgys = V )y =Open‘or 0V;
Vpar = 42V 3 10 A
Ship Mode ‘State;:Vgys = Vy.=Open
Or 0.V Vgar = 42V 0.8 10 A
IBAT HZ Battery Discharge Current DIS = HIGH'or HZMODE="1";
- VgUs=5V; V;y=\0pen; Veay s 4.2V ; 1 10 A
lsys=0A
DIS =\HIGH or HZMODE =“1"; Vgys =
Open; VN 39V, Vear = 4.2V, Igys = 1 10 A
oA
Battery Leakage Current to Vgysin | Vaus=0V; V|y = Open; Vgar=4.2 V; 0.2 50 A
High ilmpedance Mode Isys=0A ’ ’
|
SOURCE_Hz Battery Leakage Currentto Vn.in ViN=0V; Vgys = Open; Vgar=4.2 V; 0.2 50 A
High'Ilmpedance Mode Isys=0A ’ ’
CHARGER VOLTAGE'REGULATION
Charge Voltage'Range 3.30 4.72 \%
T3=25@; Ve oaT = 4.20 V to 4.50 V 6 +6
VELOAT T;=0t0 70 €; V =4.20Vto
Charge Voltage Accuracy 4.‘]50 N, &: VeLoar = 4. 710 +10 mv
T3= 12510 85 €; VFLoaT = All Settings 125 +25
FAST CHARGE CURRENT REGULATION
OUtpUt Charge Current Range VBATMIN < VBAT < VFLOAT 200 3200 mA
locHRG locHrg =500 MA, 130 € <Tao< 85 ¢ 5 +5
Charge Current Accuracy — — %
locHrg <500 mA, 130 € <Tp< 85 ¢ 110 +10
PRE TCHARGE CURRENT CONTROL
Pre iCharge Current Range 200 800 mA
|
PP Pre iCharge Current Accuracy 115 +15 %
ISHORT Linear Charging Current VBAT < VSHORT 45 55 65 mA

WWW. onsemi.com
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Table 8. ELECTRICAL SPECIFICATIONS (continued)
Unless otherwise specified: Vgys = 5.0 V; Vgar = 3.7 V; HZMODE = “0”; BOOSTEN = “0” (Charge Mode); TREGTH =120 &; Ireg = lLpo
=0A; SCL, SDA =0 or 1.8 V; and typical values are for Tp =25 ¢

Symbol Parameter Conditions Min. Typ. Max. Unit
CHARGE TERMINATION DETECTION
Termination Current Threshold .
Range VBAT > VELOAT T VReHG; VBUS > VBAT 25 600 mA
) R +
lTERM Termination Current Threshold ITERM Setting > 200 mA 10 10 0
Accuracy %
ITERM Setting = 100 mA to 200 mA i20 +20
Termination Current Deglitch Time 30 ms
WEAK BATTERY DETECTION
Weak Battery Threshold Range 3.0 3.7 \%
FAN54512A Only 100
Hysteresis mV
All Other Part Numbers 3
Viowy
Termination Current Threshold .
Accuracy 5 +5 %
Weak Battery Deglitch Time Rising Voltage; 2 m\., Overdrive 30 ms
MINIMUM BATTERY VOLTAGE DETECTION
Pre icharge to Fast Charge
Transition Threshold Range & 34 v
Hysteresis 180 265 350 mV
VBATMIN
Threshold Accuracy i5 +5 %
Deglitch Time 30 ms
BATTERY RECHARGETHRESHOLD
Recharge Threshold Below Vroar, T)=25 ¢ 170 mV
VRcHG - : :
Deglitch Time Vpgar falling below Vgchg threshold 130 ms
SHORTED BATTERY THRESHOLD
VSHORT Battery Short iCircuit Threshold VparRising 1.94 2.00 2.06 \Y
BATTERY EET'SUPPLEMENTAL CONTROL
v BAT to SYS Threshold for BATFET | VSvs 1 VBar Falling Vsys 16 15 14 "
THSYS iti i i
Gate transition while charging Vsys i Vaar Rising Vsys 0 1 5
BATTERY TEMPERATURE DETECTION
T1 T1 (0 &) Temperature Threshold 71.9 73.9 75.9
T2 T2 (10 &) Temperature Threshold 62.6 64.6 66.6 % of
0
VREF
T3 T3 (45 ) Temperature Threshold 30.9 32.9 34.9
T4 T4 (60 ) Temperature Threshold 21.3 23.3 25.3
Vyerma (Note 9) FLOAT Voltage Reduction During VeLoar = 4.35 V 160 200 240 my

JEITA Region

WWW. onsemi.com
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Table 8. ELECTRICAL SPECIFICATIONS (continued)
Unless otherwise specified: Vgys = 5.0 V; Vgar = 3.7 V; HZMODE = “0”; BOOSTEN = “0” (Charge Mode); TREGTH =120 &; Ireg = lLpo
=0A; SCL, SDA =0 or 1.8 V; and typical values are for Tp =25 ¢

Symbol Parameter Conditions Min. Typ. Max. Unit
INPUT POWER SOURCE DETECTION
Vsourcgerise) | VBus Or VN Input Voltage Rising To Initiate Source Validation 4.30 4.40 4.52 \%
VSOURCE(FALL) Minimum Vgus Or VN During Charging, Vgar <3.6 V 3.55 3.70 3.80 \%
Sleep iMode Entry Threshold
V " ' V dv 0 40 100 mV
SLP Vsource | VeaT SOURCE(FALL) dVBAT
tSRCQUAL Vpus or V|y Input Qualification Time 32 ms
tVSC_VALID Vgus or VN Input Validation Time 32 ms
lvsoUrce Vgys or V|y Input Validation Current 50 mA
DIVC CONTROL LOOP
Input Voltage Loop Setpoint N
VSOURCE(LIM) Agcuracy g p=elp i3 +3 %
INPUT CURRENT LIMIT
Vgus Input Current Limit Range 100 3000
g_LI\I/)I/: HIGH (200 mA) FAN54513A g6 93 100
ILIM = HIGH (500 mA) FAN54511A,
FAN54511AP Only 30 480 500
lBusLIM ILIM = LOW, (1.5 A); FAN54511A mA
Vgus Input Current Limit Threshold FAN54511AFS, NSIS13A Oty 1380 | 1440 | 1500
IBUSLIM (REG 14h[6:0]) = “00h” 86 93 100
IBUSLIM (REG.14h[6:0]) = “10h” 460 480 500
IBUSLIM (REG 14h[6:0]) = “74h” 2760 2880 3000
V nddnput Current Limit<Range 325 2000
INLIM INLIM (REG 16h[6:0]) = “1Bh” 920 960 1000 mA
VN Input Current Limit Threshold
INLIM (REG 16h[6:0]) = “43h” 1840 1920 2000
LOW DROP OUT REGULATOR
VLDOACC LDO Voltage Accuracy VPMID tVLDO + 500 mV;, ILDO =1mA 5 +5 %
ILpo Current Rating Vpmip = Vipo + 500 mV 10 mA
VLDOpRrop -
(Note 10) Drop Out Voltage louT = 10 mA 170 mV
LDO Pull Down Resistance when
RLDOpp Disabled LDO Off 1.2 k
1QLpo LDO Quiescent Current LDO On, Vpmip = Vipo + 500 mV 20 40 A
REG|po LDO Load Regulation Vemip = Vipo ¥ 500 mV; 50 mv

10 A<lpyr d10 mA
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FAN54511

Table 8. ELECTRICAL SPECIFICATIONS (continued)
Unless otherwise specified: Vgys = 5.0 V; Vgar = 3.7 V; HZMODE = “0”; BOOSTEN = “0” (Charge Mode); TREGTH =120 &; Ireg = lLpo
=0A; SCL, SDA =0 or 1.8 V; and typical values are for Tp =25 ¢

Symbol Parameter Conditions Min. Typ. Max. Unit
GPO1, GPO2 (FAN54511A, FAN54511AP, FAN54513A ONLY)
V(oL) Output Low Isink = 5 MA 0.3 \%
V(oH) Output High ISOURCE = 5 MA ;/OL(??n\T/ Y
Vger BIAS GENERATOR
Bias Regulator Voltage VSouURCE > VSOURCE(MIN) 1.8 Y
VREF
Short iCircuit Current Limit 25 A
/STAT, /IBUSOK, /INOK, /INT, SDA
Vior) Output Low Isink =5 MA 0.4 \Y
l(oH) Output High Leakage Current VDD =5V 1 A
LOGIC LEVELS: SDA, SCL, /SHIP, ILIM, DIS
Vi High iLevel Input Voltage 1.05 \%
ViL Low iLevel Input Voltage 0.4 \%
N Input Bias Current Input Tied to GND or Vgys 0.01 1.00 A
DIS, ILIM
Rpp (Note 11) Pull Down Resistance 1 M
D+/D i DETECTION (FAN54510A, FAN54512A ONLY)
Vpp_src D+ Source Voltage 0'to'300- ‘A 0.5 0.6 0.7 \%
VbMm_src D i Source:Voltage 010300 A 0.5 0.6 0.7 \%
VDAT_REF Data Detect Voltage 0.25 0.40 V
Ipp_src Data Contact'\Detect Current 'Source 7 13 A
IpP_sNk D+.Sink\Current 25 175 A
Ipm_sNK D+ Sink Current 25 175 A
VLGCWHI Logic High Threshold 2 \%
Viee Lo Logic Low Threshold 0.8 \%
Rpm_pwn D i Pulldown Resistor 14.25 24.80 k
Corr (Note 9) D+, D i Off Capacitance \?;‘AZ ':T)E“\'/Z f=1MHz, 4 pF
BATTERY ABSENCE DETECTION
REESh | S Do SO | sein ater Teminaion et and ma
theTECT Battery Detection Time Vear < VrLoaT ~VReHG 262 ms

WWW. onsemi.com
14



http://www.onsemi.com/

FAN54511

Table 8. ELECTRICAL SPECIFICATIONS (continued)
Unless otherwise specified: Vgys = 5.0 V; Vgar = 3.7 V; HZMODE = “0”; BOOSTEN = “0” (Charge Mode); TREGTH =120 &; Ireg = lLpo
=0A; SCL, SDA =0 or 1.8 V; and typical values are for Tp =25 ¢

Symbol Parameter Conditions Min. Typ. Max. Unit
POWER SWITCHES
VBUS to PMID; Igys = 300 mA 360
I(?Qe??)lstance of VBUS Blocking FET VBUS to PMID; Igys = 900 mA 82
VBUS to PMID; Igys = 3000 mA 28
Resistance of VIN Blocking FET VIN to PMID 135
(Q5)
RoS(ON) (RQels)lstance of Buck High Side FET PMID to SW 24 m
Resistance of Buck Low Side FET SW to GND 19
(Q2)
SYS to BAT; VBAT = 4.2 V; loché = 5
500 mA
Resistance of BATFET (Q4)
SYS to BAT; VBAT =4.2\V; lochie = 1.5
A 15
CHARGER PWM MODULATOR
fsw Oscillator Frequency 1.5 MHz
Dyty (Note 9) Duty Cycle 0 99.6 %
BOOST MODE OPERATION (BOOSTEN (REG 1Ch[5]) = OTG (REG.1Gh[6]) = 17
Programmable Boost Output
Voltage Range 25V 9Vgap<45V 4.940 5.347
25V < Vgar <45V, VgsT =5V,
VBoost i oab from Ote 900 mA 485 | 500 | 525 v
Boost Output Voltage at VBUS
3.0V <VpaT<4.5V; VBST =5V,
{oap from 0 to 1500 mA 475 | 500 | 525
IBAT(BOOST) Boost Made Quiescent Cutrent Vear=3.6 V; lLoap=0A 300 575 A
ILiMPK(BST) o
(Note 9) Q2 Peak Current Limit 3.3 4.1 5.7 A
UVLOgsT Minimum Battery Voltage for Boost While Boost Active 2.32
Operation v
To Start Boost Regulator 2.48 2.70
PROTECTION AND TIMERS
Vpus Rising;
VBUSOVP (REG 15h[5:4]) = “00” 635 | 650 | 6.65
\Y Rising;
VBUSOVP VBUS Over TVOItage Threshold VE%SSOVPQ(REG 15h[54] =+01" 10.25 10.50 10.75 \%
Vpus Rising;
VBUSOVP (REG 15h[5:4] = 10" 134 1 137 | 140
VBUSOVP(HYS) Vgusovp Hysteresis Vgys Falling 100 mVv

WWW. onsemi.com
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FAN54511

Table 8. ELECTRICAL SPECIFICATIONS (continued)
Unless otherwise specified: Vgys = 5.0 V; Vgar = 3.7 V; HZMODE = “0”; BOOSTEN = “0” (Charge Mode); TREGTH =120 &; Ireg = lLpo
=0A; SCL, SDA =0 or 1.8 V; and typical values are for Tp =25 ¢

t|__|: (Note 13)

Symbol Parameter Conditions Min. Typ. Max. Unit
PROTECTION AND TIMERS
VN Rising;
VINOVP (REG 17h[5:4]) = “00" 635 | 650 | 665
T Vi Rising; 1025 | 1050 | 10.75
VinovP V| Over iVoltage Threshold VINOVP (REG 17h[5:4]) = “01” . . . \
VN Rising;
VINOVP (REG 17h[5:4]) = “10" 134 1 137 | 140
VBUSOVP(HYS) ViNovpP Hysteresis VN Falling 100 mVv
Boost Over iVoltage Threshold gggSTEN (REG 1Ch[5] ="1" Veus 5.8 5.9 6.1 \Y
VBoosT ovp
Hysteresis Vgus Falling 100 mV
. - 1.025* | 1.050* .} 1.075*
Battery Over iVoltage Threshold Risin \%
y g g VrLoaT | VFLOAT | VFLOAT
VBAT_ovp : : -t W
Hysteresis EJ/I%AT Falling relative to Rising Thresh- 1 %
ILIMPK(CHG) High iSide Cycle iby iCycle Peak
(Note 9) Current Limit (Q1) Charge Modg AR 43 54 A
ILimMQasc Q4 Short Circuit Current Limit 6.6 9.0 A
tscouAaL Q4 Short Circuit Qualification Time 1 ms
tscrREcov Q4 Short Circuit Recovery Time 2 sec
tSHIPENTER Hardware Ship Mode,Entry Time Not in-Ship*Mode 8 sec
tSHIPEXIT Hardware Ship Mode Exit Time In_Ship Mede 4 sec
Thermal Shutdown Threshold during R\
. 1
TsHutbown | Charging ToRising %0 €
(Note 9)
Hysteresis T, Falling TREGTH
Thermal Regulation“Fhreshold. dur-
TrecTH (Note 9) | ing.Charging or Thermal.Shutdown . | REG OFh[6:5]) = "10” 100 ¢
Threshold during Beast Operation
t Battery Detection Interval while the 21 sec
INT Battery is Removed :
tFaST Safety Timer — Fast Range 240 960 min
tpRE Safety Timer — Pre Range 1.667 36.000 min
tto Top Off Timer 10 70 min
FAN54510A SDP Attached 100 120 sec
tuse USB Timer -
FAN54512A SDP Attached 36 45 min
tsaFe_acc Safety Timer Accuracy 120 20 %
Charger Enabled 80 100 120 sec
twp Watch Dog Timer -
Charger Disabled 73 100 127 %
Low iFrequency Timer Accuracy Charger Inactive 127 27 %

8. Limits over the recommended temperature operating range (730 to 85 &) are correlated by statistical quality control methods.

9. Guaranteed by design and/or Characterization; not tested in production.

10. Dropout voltage is determined by reducing the LDO input voltage until the LDO output voltage falls to 98% of its regulated voltage. Under
this condition, PMID i VLDO (MEASURED) = VLDODROP.

11. In LOW state, the pull idown is present. In HIGH state, the pull idown is released.

12.Negative current is current flowing from the battery to GND (discharging the battery).

13.This tolerance (%) applies to all timers on the IC, including soft istart and deglitch timers.
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Table 9. 12C TIMING SPECIFICATIONS

FAN54511

Symbol Parameter Condition Min. Typ. Max. Unit
Standard Mode 100
Fast Mode 400
fscL SCL Clock Frequency Fast Mode Plus 1000 kHz
High iSpeed Mode, Cg < 100 pF 3400
High iSpeed Mode, Cg < 400 pF 1700
Standard Mode 4.7
t Bus ifree Time between STOP and s
BUF START Conditions Fast Mode 13
Fast Mode Plus 0.5
Standard Mode 4 5
Fast Mode 600 ns
t START or Repeated START Hold
HD;STA i
Time Fast Mode Plus 260 ns
High iSpeed Mode 160 ns
Standard-Mode 4.7 S
Fast Mode 1.3 S
tLow SCL LOW Period FastMode Plus 0:5 S
High iSpeed Mode; €g.< 100 pF 160 ns
High iSpeedMode, Cg\< 400 pF 320 ns
Standard Mode 4 S
Fast Mode 600 ns
tHIGH SCL HIGH Period Fast Mode Plus 260 ns
HighiSpeed Mode, Cg < 100 pF 60 ns
High iSpeed Mode, Cg < 400 pF 120 ns
Standard Mode 4.7 5
Fast Mode 600 ns
tsu:sta Repeated START-Setup Time
Fast Mode Plus 260 ns
High iSpeed Mode 160 ns
Standard Mode 250
) Fast Mode 100
tsu:pDAT Data Setup Time ns
Fast Mode Plus 50
High iSpeed Mode 10
Standard Mode 0 3.45 5
Fast Mode 0 900 ns
tHD:DAT Data Hold Time Fast Mode Plus 0 450 ns
High iSpeed Mode, Cg < 100 pF 0 70 ns
High iSpeed Mode, Cg < 400 pF 0 150 ns
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FAN54511

Table 9. 12C TIMING SPECIFICATIONS (continued)

Symbol Parameter Condition Min. Typ. Max. Unit
Standard Mode 20+0.1Cg 1000
Fast Mode 20+0.1Cg 300
troL SCL Rise Time Fast Mode Plus 20+0.1Cg 120 ns
High iSpeed Mode, Cg < 100 pF 10 80
High iSpeed Mode, Cg < 400 pF 20 160
Standard Mode 20+0.1Cg 300
Fast Mode 20+0.1Cg 300
trcL SCL Fall Time Fast Mode Plus 20+0.1Cg 120 ns
High iSpeed Mode, Cg < 100 pF 10 40
High iSpeed Mode, Cg < 400 pF 20 80
treL Rise Time of SCL after a Repeated High iSpeed Mode, Cg < 100 pF 10 80 o
START Condition and after ACK Bit High iSpeed Mode, Cg < 400 pF 20 160
Standard Mode 2040.1Cp 1000
Fast Mode 20+0:1Cp 300
trRDA SDA Rise Time Fast Mode Plus 20+0.1Cg 120 ns
High iSpeed Mode; Cg < 100 pE 10 80
High iSpeed Mode, Cg < 400.pF 20 160
Standard Mode 20+0.1Cg 300
Fast-Mode 20+0.1Cg 300
tepA SDA Fall Time Fast'Mode Plus 20+0.1Cg 120 ns
High iSpeed-Mode; Cg < 100:.pF 10 80
High iSpeed Mode;Cg< 400 pF 20 160
Standard Mode 4 s
Fast Mode 600 ns
tsu:sTo Stop, Condition.Setup*Time Eost Mode Plus 120 s
High iSpeed Mode 160 ns
Cg Capacitive Loadfor SDA and SCL 400 pF
CIRCUIT OVERVIEW Additionally, theFET provides a low impedance path from

The _FAN5451x combines-"a highly integrated the battery to the system.

synchronous buck regulator for battery charging and
providing system power. The converter can also operate a$PERATING MODES _
a boost regulatowhich can supply 5 V tdSB OniTheiGo The FAN5451x has seven operating modes:
(OTG) peripherals. The regulator employs synchronous
rectification for both the charger and boost operations to
maintainhigh efficiency over a wide range of adapter input
voltage and battery voltages.

With dual inputs, the charger can quickly switch between
multiple power sources. For example, the charger can b
powered from a wireless power receiver until plugged into
a traditional USB or wall adapter. Pre iCharge Mode:

An integrated Power Path FET facilitates fast system Above Vsyorg the buck converter regulates voltage at
startup. This FET also accurately senses charging currentSYS and provides the system current. The BATFET (Q4) is
thus eliminating the need for an external sense resistoroperated as linear current source to preharge the battery

under ppcontrol.

Linear Mode:

When Mgar < Vshort (2.0 V), the buck converter
regulates voltage at SYS and provides the system current
enabling instant turn on of the system. The BATFET (Q4)
charges the battery at theqbrtcurrent to safely recover
&he battery.

WWW. onsemi.com
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FAN54511

Fast Charge Mode: Fast Charge Current Regulation (I gcHrc)

The BATFET (Q4) idully enhanced, chging the battery Limits the maximum battery charging current whespy
under bcHrgcontrol either in the Constant Current Mode > Vgarmin. The default setting is 2000 mA.
or Constant Voltage Mode from the output of the buck SeelOCHRG(REG 12h[5:0])

regulator. )
Thermal Regulation (T rgg)

System Mode (Idle State): Limits charge current to prevent the IC from overheating.
The buck converter regulategitage at SYS and provides The default setting is 106.
the system current, while the battery is not being charged. SeeTREGTH(REG 0Fh[6:5])

This mode can occur if the battery charging has terminated )
or charging is disabled. Output Voltage Regulation (V  gLoaT)
Maximumbattery chaging voltage. The default setting is

Supplemental Mode 4.35 V.
The buck converter cannot produce enough current to SeeFLOAT (REG 11h[7:0])
maintain \gys above \5ar. The BATFET (Q4) is fully

enhanced to provide supplemental current from the batterycharge Termination Threshold (I terwm)
to the system load. Terminates charging at the desired current when TE

(termination enable)="1""The default setting.is 300 mA.
Boost Mode SeelTERM (REG 13h[7:4])
Q1 and Q2 operate as a synchronous boost regulator to
provide power to the VBUS pin for USBnitheiGo CONFIGURABLE INPUT'POWER PARAMETERS
(OTG) applications using the battery as its input. The boost The following “input power™ parameters can be
converter output voltage is programmable. programmed by the host throudict

High flmpedance Mode (Standby State) VBUSinput Current-Limit (I _gystim)

Both the boost and charging circuits are OFF and the Limits the amount of (currept drawn from the VBUS
battery isproviding current to the system. Current flow from SOurce. The default setting.is 560 mA.
VBUS orVIN to the battery or from the battery:to VBUS or,  S€€BUSLIM (REG 140[6:0])

VIN is blocked. VIN-Input-Current Limit (I \nLim)

CONFIGURABLE CHARGE PARAMETERS Limits-the amount of current drawn from the VIN source.
The following charging parameters can-be programmed € default:setting is 1 A.
by the host througHC: SeellNLIM (REG 16h[6:0])

Dynamic Input Voltage Control (V  source)
Limits the input current when a currétimited weak
adapter izonnected to either of VBUS or VIN. The settings

Pre iCharge Current Regulation (I pp)
Limits the maximum, battery charging.-current_when
VsHORT< VBaT < VeatmiN: The'default setting’is 450/ mA.

SeePRECHG(REG 13h[3:0]) Z\rgeci)/nfigurable from 4 to 8.6 V.The default settings are
Minimum Battery Thresheld (V gATMIN) See VBUSLIM (REG 15h[3:0]) andVINLIM (REG

Sets the battery” voltage threshold for transitioning 17h[3:0])
between PrégCharge and Fa&harge. \éarmin Should not
be set lower than the minimum-required system voltage. TheCONFIGURABLE BOOST PARAMETERS

default setting is 3.4 V. The following boost parameters can be programmed by
SeeVBATMIN(REG 0Ch[2:0]) the host through?C:
Regulated System Voltage (V sys) Boost Output Voltage (V' goosT)

Regulates the boost converter output voltage on PMID

VSYS should be programmed 200 mV, or more, above theWhen BOOSTEN = “1”. When OTG = "1" VBUS is

minimum required system voltage. The default setting is CONnected to PMID. The default setting is 5.0 V.
36V SeeVBOOSTREG 1Ch[3:0]).

SeeVSYSREG 0Dh[1:0])

Regulates the system voltage whega¥V < VBaTMIN -
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FAN54511

CHARGE MODE TYPICAL CHARACTERISTICS
Unless otherwise specified, circuit of Typical Application, using FAN54511A, default register values/settings, Vgys = 5.0 V, and T = 25 €.

100 100
95 —_— 95
]
g R —— L [T
A —— = o = I
S e / = S o 7/ S T
& %t s 7 / ~
> >
Q (8]
c c
-g 85 -g 85
£/ c /
L w
= 5VBUS = 5VBUS
80 / 9VBUS 80 // —— ovBUS
= 12VBUS = 12VBUS
= 5VIN = 5VIN
75 t 75 t
0 500 1000 1500 2000 2500 3000 3500 0 500 1000 1500 2000 2500 3000 3500
Charge Current, Igat (MA) Charge Current, Igat (MA)
Figure 9. Efficiency vs. IOCHRG, V gar = 4.3V, Figure 10. Efficieney vs. IOCHRG, V gap. = 3.8V,
Isustim =3.0 A, I)num =2.0 A Isustim =3:0 A, ljnuim = 2.0°A
1,600 4,000
— 1,400 —~ 8,500
< — <
E — £
= 1200 = 3,000
é é — 5VBUS \\
= — =
C 1,000 C 2500 7
g — s5vBUsS \_\ g 12 VBUS
3 — 9vBUS =] — 5VIN
o 800 Q 2/000,
o — i2veus ) =t |
E sViIN g s T |
600 1/500
o S ———— o
400 1,000
35 3.7 39 4.1 48 4.5, 3.5 37 39 4.1 4.3 45
Battery Voltage, Vgar (V) Battery Voltage, Vgat (V)
Figure 11. Fast Charge.Currentvs: Figure 12. Fast Charge Current vs.
VBaT, lochre = 3-2' A, lgusiim =-iNeim= S00.MA, VeaT, locHrG = 3.2 A, IgusLiv = linuim = 1,500 mA,
Veloar= 4.5 V. VeLoar =45V
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FAN54511

CHARGE MODE TYPICAL CHARACTERISTICS
(Unless otherwise specified, circuit of Typical Application, using FAN54511A, default register values/settings, Vgys =5.0V, TA =25 ¢

4,500 6

— vaus

4,000 5 —

—
< I
E
-_— | = A
3,500 P
— S
S o
5
3,000 o 3
= 5VBUS -
5
9vaus =3
2,500 s ,
— 12vBUS /
— .
—_— | 5VIN
2,000 = — 1

Peak Load Current, Igat + Isys (mA)

1,500 0
35 37 39 4.1 43 4.5 0 5 10 15 20

Battery Voltage, Vgar (V) Input Voltage (V)
Figure 13. Peak Available Load Current (I gar + lsys) Figure 14. Quiescent<Current vs. Input Voltage,

vs. Var, Igustim = 3.0 A, Iinpm = 2.0 A, Vi oaT =45V Isys = 0 A No_Battery, LDO Off, NTC= GND,
Veusovp =48.7 V, ViNovp =105V

10 5

— 425C — +25C

— s85C — +85¢C

Battery Discharge Current, ( A)
Battery Discharge Current, ( A)

24 27 3.0 33 3.6 39 4,2 45 2.4 27 3.0 33 3.6 39 4.2 45

Battery Voltage, VgaT (V) Battery Voltage, Vpar (V)

Figure 15. Battery:Discharge.Current Figure 16. Battery Discharge Current
vs. VigaT, Sleép-Mode vs. VgaT, Ship Mode

TekStop E 1 Tol

stop I 1 1

VBus ‘ VBus

& Vsys Vsys

IBAT

IBUS

IBAT

IBUS

(@ 2.00v & @ 200mA & @ 1.00V -J[mnm ][‘"»"KS{S ] [ ¥ ‘-04\'] (@ 200V & @ 200mA & @ 1.00vV ) (100ms 10.0kS/s @ 5 404V
10k points 10k points

Figure 17. Startup at V gys Plug iln, Vgar = 3.2V, Figure 18. Startup at V gys Plug iln, Vgar = 3.8V,
50 SYS Load, ILIM =*0" 50 SYS Load, ILIM =*"0"

WWW. onsemi.com
21



http://www.onsemi.com/

FAN54511

CHARGE MODE TYPICAL CHARACTERISTICS (continued)
(Unless otherwise specified, circuit of Typical Application, using FAN54511A, default register values/settings, Vgys = 5.0 V, and Tp = 25 €)

Tek Prevu [
[ mtsimrmmmmirs et
VBuUS : Vsys
o
® et
IBUS
IBAT
(@ 200V & @ 2ooma @ 200mA % @ 1.00V a‘)[lnams ][:gi(mp(z{:!s][ @ 7 404V

Figure 19. Startup at V gys Plug Tln, Dead Battery,
50 SYS Load, ILIM =*0"

Tek Stop

e Vsys

IBUS

IBAT
@ 200mA % @ 1.00v &)(100ms 10.0kS/s 7404V
@ 25.0 10k points

Figure 21. Startupat. V' gys Plug_iln,\No Battery,
50 SYS Load, ILIM\="0"

fek stop
VBus
| AT LU TIPS NS wmmmm
Vsys
d
IBUS
o) RRDRR RIS TRTRRIRIRL.o 0
@ 2.00V & @) s500mA @ 500mA & @ 1.00V &) (2.00ms 500kS/s ® \ 680mA
[ 29.9 ][mkpolms]

Figure 23.V BUS Un 'I'P|Ug, 3.8 VBAT’
50 SYS Load, ILIM =*“0"

Tek Stop [
d
VBus
Vsys
L
IBAT
IBus
(@ 200V &% @ 200mA 200mA_& 1.00V wJ[l»anms‘ ][::km;gﬁ‘s] @ 5 404V

Figure 20. FAN54510 Startup at V _gjys.Plug Tln,
Vear =3.2V, 50 SYS Load, SDP; No/Host Control

Tek Stop [ T = T ]
‘ et el T
d
VBus
Vsys
4
o IBus s I
B
: IBAT
AW e e e W
(@ 200V &% @ 100mA @ 100mA & 2.00V wJ[moms ][:gknks(sl ] @ 5 4.0V
points

Figure 22. V gys Plug iIn with V soyrce Validation
Fail, Vgar =3.8V,50 SYS Load

Tek Stop [ I 1 1

VSYS gt
R——— VBAT

—

®| 4
\m-‘ IBUS anm—m-—w
un THEL R
» ¢
P
IBAT
o f
(@ s00mA_ & @ 1.00 @ 500mA & @ 1.00V w)[moms ][:gko;;gi/rs“s] @ SlnmA]

Figure 24. Charge Termination, TE = TOEN = “1",
lTERM =300 mA, 100 mA SYS Load
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FAN54511

CHARGE MODE TYPICAL CHARACTERISTICS (continued)
(Unless otherwise specified, circuit of Typical Application, using FAN54511A, default register values/settings, Vgys = 5.0 V, and Tp = 25 €)

A Vsys ! /VBUS
S 7 SUsoR
| ) Vsys
IBUS
) Bas IBAT
" IBUS
(@ s00mA & @ 500mA & 1.00V aj[woms ][m][ X 4.02V % Zgzz 0 T @ 200mA & @ 2.00V hg[moms ][:gk‘):iw’:u]ﬁ. T 4,zuv]
Figure 25. Battery Removal/lnsertion while Figure 26. Vgys Plug iln OVP Condition; V gar = 3.8
Charging, TE =“0", V gar = 3.8V, 50 mA SYS Load, V, 50« SYS Load, {LIM.=“0"
lgusuiv = 1.5 A, locHrg = 2.0 A
Figure 27. Vgys QVP-Response’ While-Charging, Figure 28. Load Pulse Response, 150 mA 12150
Vpeat = 3.84,'650” SYS Load,dLIM="0" mA 1150 mA SYS Load witht g =t =10 sec,

3.8 Vgar lgusuim = 1.5 A, locHrg = 3.0 A

Figure 29. Load Pulse Response, 150 mA 12150 Figure 30. Input Source Selection, 5.0 V |\ Present,
mA i 150 mA SYS Load witht g =t =10 sec, Insert/Remove 5.0 V gys, 3.8 Vgat, 50  SYS Load
4.35 VBAT! lBUSLIM =15 A, lORCHG =3.0 A, TE =*“0"
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FAN54511

CHARGE MODE TYPICAL CHARACTERISTICS (continued)
(Unless otherwise specified, circuit of Typical Application, using FAN54511A, default register values/settings, Vgys = 5.0 V, and Tp = 25 €)

Figure 31. Battery Discharge Current Limit \
Response to SYS Fault, Sleep Mode, 3.8V gar e @%
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CHARGE MODE TYPICAL CHARACTERISTICS

(Unless otherwise specified, using circuit of Typical Application, Vgar = 3.8 V, VgoosT = 5.00 V, Ta = 25 . Boost enabled by writing
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Quiscent Current Igat ( A)
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Figure 32. Efficiency vs. Load Current
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Figure 33. Efficiency vs. Load.Current; 3.7V BAT
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Figure 34. Qutput Regulation
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Figure 35. Output Ripple vs. Load Current
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CHARGE MODE TYPICAL CHARACTERISTICS
(Unless otherwise specified, using circuit of Typical Application, Vgar = 3.8 V, VgoosT = 5.00 V, Ta = 25 . Boost enabled by writing
BOOSTEN = OTG = “1", simultaneously.)

2 2,500
E
[}
_a 2,000
7 1,500
5 1000
O
% —— 5.000 VBST
3 500 = 5.213VBST
Battery Voltage, Vgar (V)
Figure 38. Load Current Limit vs. V' goosT
Figure 39. Boost Startup, 50 Load Figure 40. Boost Startup, 5 || 10 F Load
Figure 41. Load Transient Response, 100 mA 7400 Figure 42. Line Transient Response, 500mA Load,
mA 7100 mA Load with t R=tg= 100 nsec 3.8 VBAT 13.2 VBAT 13.8 VBAT with t R= t|: =10 sec
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CHARGE MODE TYPICAL CHARACTERISTICS
(Unless otherwise specified, using circuit of Typical Application, Vgar = 3.8 V, VgoosT = 5.00 V, Ta = 25 . Boost enabled by writing
BOOSTEN = OTG = “1", simultaneously.)

Figure 43. V gys Output Fault Response Figure 44. Boost Startup.into V_<_gyg Fault
NON iCHARGING STATES StandbyState
The Standby State«is\an intermediate state where the
Idle State PWM.Buck is off and-the BATFET (Q4) is fully enhanced.

During Idle State the PWM Buck continues to regulate pying Standby, State, reverse current out of the VBUS or
system voltage to M oar providing power to the systém. /N pin is prevented by turning'off the Q3 and Q5 blocking
The battery is not being charged and the BATFET (Q4)\is FETs.
off. ) k If-Standby ‘State .is\entered for any of the following

In the Idle State, theghr/Vsys comparatoris monitored \cgonditions, aeturn to.Charge State occurs when the related
and if gy falls below \gat by VTHsys the BATFET\(Q4) condition’is removed:
is fully enhanced for Supplemental'Made operation. 1. Sleep State whereS$urce< Vear + VsLp O

If Idle State is entered for any of the following-conditions, VSOURCES VSOURCE(FALL)
areturn to Charge State.0ccurs when the related condition is <-2--The device has been put iniHistate by

removed: ») . HZMODE (REG OEh[1]) = “1” or DIS = HIGH.
1. Charge Complete (EHGCMP.=“1") occurs with 3. The die temperature is in thermal shutdown

TE =“1". If RCHGDIS (REG OEh[5]).=“0"«the (TSHUTDOWN)-
IC will return to Charge State-whergxy < If Standby State is entered for any of the following
VFLoAT — VRCHG conditionsthe only way to restart clging is to first remove

2. The ToplOff Timer (tro) expires; IFRCHGDIS Vsourck and then reconnect a valid VIN or VBUS power
(REG QER[9]) = “0", the IC will'return to Charge source:

State when ¥ar < VFLOAT = VRCHG 1. The USB Timer (isp) expires (FAN54510A and
3. The bgttery |s_below Tl or above T4. See JEITA FAN54512A only).
Charging section for detalils.
4. The battery is removed and TE =“1". Sleep State
5. The BATFET is disabled by the Charge Enable bit, Sleep State is part of the suite of conditions which make
CE# = “1”. up the Standby State. The BATFET (Q4) is fully enhanced
If Idle State is entered for any of the following conditions, while the IC is in the Sleep State. This ensures that the
the only way to restart charging is to first removwMRrcy FAN5451x powers the system from the battery when
and then reconnect a valid VIN or VBUS power source:  operating without a valid input source on either VBUS or
1. The Safety Timer greor trasT) expires when VIN.
CONT (REG OEh[7]) = “0". APPLICABLE STATUS AND INTERRUPT
2. The battery voltage drops belovgforTduring Status Bits:  SLEEP (REG 00h[1])
charging.

3. The Watch Dog Timerip) expires and
WDTEXP (REG 30h[7]) = “1".
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CHARGER CIRCUIT DETAILS Source Voltage Validation
Refer to: After battery capacitor discharge, Source \oltage
Charger State Diagram” State and Mode Transitions ~ Validationoccurs with aysource(50 mA) load on PMID.
and To pass validation, eithergys or VN must remain above
Charger State Diagram: Charger/Battery/System Vsource(riseyand below $ourceovpfor tysr vaLID
Protection (32 ms) before the IC initiates chargingysk vaLiD
ensures that unfiltered 50/60 Hz chargers and other
Plug In: Source Selection and Validation nonicompliant chagers are rejected.

Source Selection APPLICABLE STATUS AND INTERRUPT

Only one input source (VBUS or VIN) can be routed to the bins: ;ﬁ\I%SKOK
buckconverter at any given time. If valid power sources are ns: IINT

connected to both VIN and VBUS, the input selector
: . . VBUSINT (REG 04h[5
automatically opens Q5 and closes Q3, thereby selecting  Interrupt Bits: VININT (R(EG 04h[e]§ D

VBUS as the input source to the buck converter. VBUSPWR (REG 00h[5])

The active source is identified by a Status bit. Status Bits: VINPWR (REG 00h[6])
APPLICABLE STATUS AND INTERRUPT INPUTSEL (REG 02h[7])
Status Bits:  INPUTSEL (REG 02h[7]) If the input source fails validation, the validation period is
extended an additional. 32 'ms and-source validation is
Battery Capacitor Discharge reitried. A failure willbresult’in anfinterrupt and the part

When either Mys or V|y rises and remains above returning toSleep State;where the’entire validation routine
Vsource(Risefor the ErcquaL (32 mS) duration, the IC  will restart when \éource> VSOURCE(RISE)
applies a petecT (18 MA) load to \satr for TpetecT APPLICABLE STATUS ANDIINTERRUPT
(262 ms) to ensure that if the battery is not present, or its * pixs: MNT
dl_scharg_qarotectlon switch is open, the capacitors gy Ihterrupt Bits: VALFAIL (REG 04R[7)
will be discharged below thegyjorTtthreshold.
Battery Voltage Measurement

The ‘battery-voltage\is' measured if the adapter passes
Source Validation. The IC can identify an absent, shorted,
low, or dead. battery, configure the charging parameters
accordingly,;and then enter Charge Mode.

D+/D i Adapter Detection (VBUS only)

See Table 1and Table 12 for theMN5451x versions that
have this feature.

When \gys rises and remainsaboveyurce(riseyfor
the BrequaL (32 mS) duration, the FANSASIX Versions, rivire 45  Figure 46, and Figure 47 illustrate Plug In
that have this feature perform adapter detection: timing _under various conditions. Thegiay timing

SDP, CDP, and DCP adapter types ‘can bé uniquely. ification is affected b dis d ibed i
identified bythe €harger.IGwhich will-automatically select izf)f; |i:(a)1'|on 's affected by phr and Is described in

the appropriategys current limit-per the.USB Battery
ChargingSpecification (BC1:2), and.report the adapter type Table 10. Tpgiay TIMING vs. Vgar
in a Status register.

APPLICABLE STATUSANDINTERRUPT

Status Bits;~ ‘GHGDET (REG 01h[6:5])

Vear (V) TpeLay (Ms)
69

37

< VBATMIN

VeaTMIN < VBAT < Viowv

10

>Viowv
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CHARGE MODES

Auto iCharge and Establishing Host Control
The FAN5451x features Aufi€harge, which supports  where the only way to restart charging is to first remove
battery charging prior to Host Control. VsouRrck, then reconnect a valid VIN or VBUS power
After the source voltage has been validated at Plug In, ifsource.
VaT < VBATMIN» the IC resets all registers to their default  If a SDP adapter is detected andaY > Vi owv, the
values. Regardless of battery voltage, the IC then operateshargemwill disable the LDO and enter Standby State, where
in accordance with it?C register settings except that the any PC write to the IC will return it to Charge Mode under
IBUSLIM (REG 14h[6:0]) settings are ignored until the first Host Control.
12C write after charging begins. If a SDP adapter is detected and the DIS pin is HIGH, the
Only after the first#C write after charging begins is Host LDO will be disabled after validation and remain disabled
Control established. until SDPcharging occurs when DIS is driven LOW or Host
Prior toHost Control, thedys current limit and the charge  Control is established.
timer length are as described in Table 11 and Table 12. If a CDP or DCP adapter is detected, AiGhharge uses
Once Host Control has been established, the chargehe Safety Timer with thesljs current limit set to 1500 mA.

parameter settings are as described in Table 13. _ )
For FAN5451x versions where the BC1.2 adapter LM Pin Control Auto iCharge Mode

detection circuit is enabled, thgys current limit prior to
establishingHost Control is determined by D-+iDAdapter
Detection aPlug In. If the adapter type cannot be identified
as either CDP or DCP, the charger will be configured to SD

AutoiCharge.

SDP AutoiCharge uses a dedicated SDP timggg} with
the ys current limit configured as peabble 11lf the tysg

See Table 1and Table 12 for theAN5451x versions that
have this feature.
For FAN5451x versions .where the BC1.2 adapter
pdetection circuitis disabled, the ILIM pin is used to set the

Igus current.limit prior to-Host Control.

timer isallowed to expire, the charger enters Standby State,

Table 11. Igys CURRENT LIMIT (AUTO iGHARGE ONLY)

ILIM»Pin Auto i€harge uses the Safety Timer with the
Igus current limit'eonfigured as-perTable 11.

ILIM Pin Control ILIM Pin Control
Part Number Configuration BC1.2 SDP BC21.2 CDP/DCP (ILIM Pin = HIGH) (ILIM Pin = LOW)
FAN54510A BC1:2 Detection 500{mA 1500 mA N/A N/A
FAN54511A ILIM:Pin Control N/A N/A 500 mA 1500 mA
FAN54511AP. ILIM Rin"Control N/A N/A 500 mA 1500 mA
FAN54512A BC1.2 Detection 100 mA 1500 mA N/A N/A
FAN54513A ILIM.Pin‘Control N/A N/A 100 mA 1500 mA
Table 12. CHARGE-TIMER (AUTO iCHARGE ONLY)

Part Number Configuration BC1.2 SDP BC1.2 CDP/DCP | ILIM Pin Control
FAN54510A BC1.2 Detection tysg = 2 min. Safety Timer N/A
FAN54511A ILIM Pin Control N/A N/A Safety Timer

FAN54511AP ILIM Pin Control N/A N/A Safety Timer
FAN54512A BC1.2 Detection tusg = 45 min. Safety Timer N/A
FAN54513A ILIM Pin Control N/A N/A Safety Timer
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Table 13. CHARGE PARAMETER SETTING VS. OPERATING MODE (HOST CONTROL ONLY)

FAN54511

Charger Bit Settings
Operating Mode | Vsource VAT IINLIM IBUSLIM | PRECHG IOCHRG STAT PWROK

Linear Valid < VSHORT 1000 mA 500 mA 50 mA X 1 0

Pre iCharge Valid < VBATMIN 1000 mA 500 mA 450 mA X 1 0
FAST Charge Valid > VBATMIN 1000 mA 500 mA 1000 mA 1 0
FAST Charge Valid >Viowv 1000 mA 500 mA X 1000 mA 1 1
Top 1Off Valid >Viowv 1000 mA 500 mA X 1000 mA 0 1
Recharge Valid >Viowv 1000 mA 500 mA X 1000 mA 1 1

Linear Pre iCharge Mode

Good Battery Threshold (VLOWYV)

At the beginning of charging, if par < Vshorg the The VLOWV (REG 0Ch[5:3]) bits define a battery
BATFET (Q4) operates as a linear current source with its voltage threshold between 3.0 V and 3.7 V where an
currentlimited to 50 mA (kqorT) in order to safely recover interrupt is generated.«The system designer can use this
a battery pack with an open protection switch. Additionally, interrupt toindicate that full system power is-available or for
the IC delivers power to SYS by regulatingyé to the any other purpose. Chargeparameters are not affected by

default VSYS (REG 0Dh[1:0]) setting. VLOWV.
APPLICABLE STATUS AND INTERRUPTS
Pre iCharge (I pp) Mode '
Pins: /INT

At the beginning of charging, if jorT < Vear <
VBaTMIN» OF if VgaT has transitioned abovesMogrtfrom
Linear PreiCharge Mode, the IC enters RP@harge Mode
while delivering power to SYS.

During PreiCharge Modethe BATFET (Q4) will.operate
as a linear current source with its current, limited to the
PRECHG (REG 13h[3:0]) setting. The IC will regulate
Vgysto the VSYS (REG 0ODh[1:0])'setting and attempt to
charge the battery at less than or equal to the.PRECH
setting without allowing ¥¢ysto drop below Barmin -

All registers are programmable in Rharge Made.
APPLICABLE STATUSIAND INTERRUPT

pins: ISTAT
Ins: /INT

WKBAT-(REG-04h[1])

PRE (REG 00h[2])
STAT (REG 00h{3])

Interrupt Bits:
Status Bits:

VLOWVTH\(REG 04h[4])
PWROK (REG/00R{4])

Constant Voltage (CV) Mode
When \garreaches ¥ oat, as set by VFLOAT (REG
11h [7:0]),-the_charger enters the voltage regulation (CV
Mode) phase of charging. The PWM regulator goes from
Gfegulating current across the BATFET (Q4) to regulating
voltage)on the BATSNS pin. This results in charge current
declining.
The CV (REG 20h[0]) Monitor bit will be set to a “1”
while the IC is in CV Mode.

Termination

Charge current termination is enabled when TE (REG
OEh[3]) = “1". When charge current falls below:knm, as
set by ITERM (REG 13h[7:6]), for longer than the deglitch
time of 30 ms, charging stops, Q4 turns off, an interrupt is
issued, and the IC enters Idle State (Charge Complete) if
TOEN (REG OEh[2]) = “0". The buck converter will
regulate SYS to VFLOAT (REG 11h[7:0]) and the battery

Interrupt Bits:

Status Bits:

Fats Charge (I ocHrg) Mode
At the beginning of charging, if §AT > VeaTmiN, OF if
Vpar has transitioned aboveg¥rvin from PreiCharge
Mode, the IC enters Fast Charge. - - ;
! , will support Supplemental Mode if required.
During Fast Charge Mode, the BATFET (Q4) is fully Recharge occurs after Termination (TE = *17), if

enhance@nd acts as a current sense element to limit charges ~cpiS (REG OENISN = “0”. when <V -
current per the IOCHRG (REG 12h[5:0]) setting. Battery ( 5] ’ War FLOAT

charging under constant current (CCGchg control
continues until the battery voltage reachesdAT.
APPLICABLE STATUS AND INTERRUPT

VRcHG

Chargetermination is blocked unless thg-knm threshold
is crossed while in CV Mode. If another control loop
(IBUSLIM, IOCHRG, DIVC) or Supplemental Mode
Pins: /INT operation exist, termination will be prevented until the CV

/STAT o
condition is met.

Interrupt Bits: CHGMOD (REG 04h[2])
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APPLICABLE STATUS AND INTERRUPT

Pins:

Interrupt Bits:
Status Bits:

/INT
ISTAT

CHGEND (REG 04h([3])
CHGCMP (REG 01h([4])

FAN54511

If TE = *“0", when the charge current falls beloyekm,
chargingcontinues, an interrupt issued, buthe CHGCMP
bit is not set.

APPLICABLE STATUS, INTERRUPT AND MONITOR

Pins:

Interrupt Bits:
Status Bits:
Monitor Bits:

/INT

Top 10ff Charging Mode
TopiOff Charging occursfter Termination (TE £1") if
TOEN (REG OEh[2]) = “1". The CHGEND interrupt will be

issued and TofOff Charging begins 400 ms later with the

IBATLO (REG 05h[7])
LOIBAT (REG 01h[7])
ITERMCMP (REG 20h[7])

/STAT pin HIGH. During TogOff Charging, the Battery
AbsenceDetection is retried every 5s unle€d IBDETDIS
(REG 1Bh[3]) is set to “1".
The TopiOff Charging duration is set by the Tiopff
Timer, TOTMR (REG 1Bh[2:0]). See Tapff Timer for

details.

APPLICABLE STATUS AND INTERRUPT

/INT
STAT

CHGEND (REG 04h[3])
TOCMP (REG 06h[7])

STAT (REG 00h[3])
LOIBAT (REG 01h[7])
TOCHG (REG 01h[3])

Pins:

Interrupt Bits:

Status Bits:

System Current Prioritization

During Charge Mode, if the current available to charge is
less than the programmed charge setting due to an input
current limit setting, source limitations, or system load
requirements, the current to the battery will be reduced to
support the system load.

Supplemental Mode

During Charge Mode-omldle State, if the\system load
exceeds what the buck converter can providegy Wil
drop. If a falling®™\&ys drops' more-~than ¥jsys below
Vpar, the BATFET«(Q4) will be fally'enhanced to hold the
system up to ¥ar.

Then, once a rising §¢sbecomes higher thangyt by
VTusys the BAFFET (Q4) again serves as the current sense
element to limit the charge,current:

Table 14. SUMMARY OF BATFET (Q4) OPERATION VS. OPERATING\MODE

PWM Operating Mode CE# VsSouRrGE VBaT BATFET (Q4)

OFF SLEEP X Both < (VSYS + VSLR) X ON

ON Linear and Pre iCharge 0 Valid > VSHORT & < VBATMIN Linear

ON FAST Charge 0 Valid > VBATMIN & < VSYS ON

OFF | HZMODE (REG OEh[1])i="1" X X X ON

ON Supplemental X Valid >VSYS ON
CE# ="1" (disable Q4 with

ON Supplemental Mode 1 Valid <VSYS OFF
remaining functional)

ON | Sl pplemental Mode dsabied) | * Vaii x OFF
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Source Plug Out CHARGER/BATTERY/SYSTEM PROTECTIONS
The IC continuously monitors g¢js (or ViN) during _
charging. If \kource falls below the higher of  Dynamic Input Voltage Control

and enters Sleep State (Standby). loop which automatically limits input current in case a

currentilimited sourceis supplying \ys or ViNy. The
control loop increases the charging current until either:

APPLICABLE STATUS AND INTERRUPT
/BUSOK

Pins: /INOK Igusuim / inLim O locHrG
' /INT is reached or
ISTAT

VBus = VBusLIM OF ViN = ViNLIM

VLOWTH (REG 04hia) If an increase in load occurs VSYS duringchargingthat

Interrupt Bits: VBUSINT (REG 04h[5])

VININT (REG 04h[6]) causes VBUS or VIN to reduce below VBUSLIM or
SLEEP (REG 00h[1]) VINLIM, the charge current is reduced until VBUS or VIN
st . VBUSPWR (REG 00h[5]) rise to the VBUSLIM or VINLIM threshold. At ¥ource
atus Bits: i
VINPWR (REG 00h[6]) plugin, the VBUSLIM (REG 15h[3:0]) and VINLIM (REG

INPUTSEL (REG 02h{7) 17h[3:0]) bits are always set to their default values.

(F\Z’EQSCR;'II'I\III\CI;GSTATUS AND INTERRUPT High ilmpedance Modetand Disable
Setting theHZMODE (REG, OEh[1]) bit,to “1” or setting
Charging Status the DIS pin to HIGHdisables the.charger and puts the IC into
The /STAT pin is used to report the charge status to theHigh iimpedance Mode (HZ): The Saféfimer and Watch

hostprocessor. During chge, the /STAT pin is LOW. After ~ Dog Timer are reset. _ o
Termination, the /STAT pin goes HIGH and will remain ItV Bar fallsbelow\Earmin, with HZMODE set to “17,

HIGH even during TopOff Charging Mode. the HZMODE hit\will automatically reset to “0”, and
The STAT (REG 00h[3]) bit indicates a “1” when aiag .~ charging will commenge. ‘Setting\HZMODE = “1" when
except during TojOff. VBAT < VBatmIN is.dgnored. The DIS pin is functional when
APPLICABLE STATUS AND INTERRUPT VBAT.< VBATMIN®
Pins: [STAT Safety Timer
Status Bits: STAT (REG 00h[3]) At'the beginning of charging, the IC starts the Safety
Timer. -The\'Safety Timer consists of two segments,
Int_le_;]rupt/TNT - d indi h PreiCharge(PRETMR) and Fast Charge (FCTMR). The
N ked i pin 1 gseh t0 'S gy (natigne” owre Safety Timer can be programmed using the bits in the
unmasked interrupt bits-have been set: TIMER (REG 19h) register.

The pin will_remain \LQW:until «all,"set _interrupt .hits ; ; ; ;
5 The PreiCharge timer begins at tstart of charging of a
(Register®4h to 06h) are read and,cleared. In the-event thatbattery whose voltage is less thamayyn. Once the

another interrupbccurs while the register-containing the bit b : .

. . . . attery voltage has risen aboveA¥min, the PréCharge

is read, th.e interr§et wil\ Retoreq i et a0s t.ransferred ._Timer is cleared and the Fast Charge Timer begins. If the
to the register aftertheread. Thus, the)/INT pin may rema'nbattery voltage were to fall belowgdryy during Fast

LOW until theJEWEr is read apeNteared again. Chargethe Fast Charge Timer will continue to run until the
APPLICABLERNATUS AND INTERQRLW battery is fully charged or the timer expires.

Pins: /INT Charging with the Safety Timer running is used for
_ INT O (REG 04h) charging that is unattended by the host. If the Safety Timer
Interrupt Bits: 11T 2 (REG 0°n) expires charging ceases, all registers reset to their default
(REG 06h) ) . -
valuesthe device enters Idle Stated an interrupt is issued.
Interrupt Masking If the CONT (REG OEh[7]F “1", charging will continue

Masking arinterrupt bit using its corresponding mask bit, if the Safety Timer is allowed to expire.
found in registers 08h to 0Ah, prevents a masked interruptAPPLICABLE STATUS AND INTERRUPT
event from setting the /INT pin to LOW. The associated ins: /INT

. L Pins:
interrupt bit will be set to “1”. ISTAT
Interrupt Bits: TIMER (REG 06h[0])
Status Bits: TMRTO Status bit (REG 02h[0])
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Watch Dog Timer (WDT) Top TOff Timer
SettingWDEN (REG 19h[6]) to “1” enables the WDT and The TopiOff timer duration is programmable using the
disables, but does not clear the Safety Timer. TOTMR (REG 1Bh [2:0]) bits. When the timer expires

Setting TMRRST (REG19h[7]) to “1” resets the WDT. chargingstops, the BATFET (Q4$ disabled, an interrupt is
This bit should be written at a rate more frequentthgnt  issuedand the device enters Idle State. If RCHGDIS (REG
If the WDT expires, charging continues on the remainder OEh[5]) =“0", the IC will return to Charge State wheg)M
of the time left on the Safety Timer. Additionally, all < Vg oaT — VRcHG
registerexcept SAFETY (REG 1Ah[7:0]), are reset to their APPLICABLE STATUS AND INTERRUPT
defaultvalues, and an interrupt is issued. If WDTEXP (REG Pins: JINT
30h[7]) ="1" and the WDT expires, the device will instead

) . Interrupt Bits: TOCMP (REG 06h[7])
immediately enter Idle State.

APPLICABLE STATUS AND INTERRUPT Status Bits: CHGCMP (REG 01h[4)
Pins: NT
/STAT
Interrupt Bits: TIMER (REG 06h[0])
Status Bits: WDTTO (REG 02h[1])
Table 15. SUMMARY OF TIMERS
Name Control Register Range (Minutes) Default
Pre iCharge 19h[4:3] 100 sec to 36 min. On, 36 min.
Fast Charge 19h[2:0] 4 hr 1016 hr On, 8 hr
Watch Dog 19h[6] 100 see Off
Top — Off 1Bh[2:0] 10 min.to 70 min! On, 30 min.
Thermal Regulation Thermal Shutdown

When the IC’s junction temperature reaches thel\If thejunctiontemperature increases beyond the Thermal
programmable Thermal Regulation,threshol@gd Ty, set Shutdown threshold, Shutpown charging is suspended
by TREGTH (REG (OFh[6:5]), the thermalregulationHoop ( and the buck converter is disabled. While suspended, all
reduces charge currentsto the lowest IOCHRG (REG timersstop and registers do matset. Chaging resumes only
12h[5:0]) setting (200 mA)-torprevent overheating: afterthe die temperature falls belowdgTHwhere beura

The device will attempt to charge the battery at~a will be stepped back up to the programmed IOCHRG
maximum average \current while \maintaining _the \die setting.
temperature at or belowgEgth This istaccomplished by  APPLICABLE STATUS AND INTERRUPT

stepping bcHrg from the lowest IOCHRG setting back up _ /INT
to the programmed-IOCHRG Ssetting. {gdeTH is again Pins: ISTAT
reached the proeess-s repeated. Interrupt Bits: ICTEMP (REG (06h[4])
During Thermal Regulation,-the IBUSLIM and IINLIM Status Bits: TEMPSD (REG (02h[5])
input current limit settings are\retained in order to support
the system load from a valid power source. Register Reset Conditions
APPLICABLE STATUS AND INTERRUPT As an added layer of safety, théCl control bits
Pins: JINT automatically reset to their default values under certain

Interrupt Bits:  ICTEMP (REG (06h[4]) situations. Refer to Table 16 for details.

Status Bits: TEMPFB (REG 02h[4])
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Table 16. REGISTER RESET SUMMARY

FAN54511

Reset Condition Description

Registers that are Reset

Behavior After Reset Event

VBUS/VIN plug in (from no input connected)
and any Vgar Vvoltage

VBUSLIM and VINLIM only

VBUSLIM = 4.56 V
VINLIM =4.56 V

VBUS/VIN plug in (from no input connected)
and Vat < VsHorT

All registers except STATUS, and IN
TERRUPT

Pre iCharge with default settings;
Q4 in Linear Region

VBUS/VIN plug in (from no input connected)
and VsHoRrT < VBAT < VBATMIN

All registers except SAFETY, STATUS, and
INTERRUPT

Pre iCharge with default settings;
Q4 in Linear Region

VBAT falls below VBATMlN with an input
connected

HZMODE bit only

Pre iCharge at programmed settings;
Q4 in Linear Region

Battery Removal Detected (input connected)

VFLOAT, IOCHRG, PRECHG, ITERM,

Buck regulates at Vg oaT; Q4 Off

SAFETY

Buck regulates at 4.35 V;
Charging stops;
Q4 Off

Pre iCharge / Fast Charge Safety Timer Ex-
piration

Charge Mode Watchdog Timer Expiration Charging continues with default-settings;

(WDTEXP="0") Q4 On
Charge Mode Watchdog Timer Expiration Bugk roguldies aL4'35 v,
— wqn Charging stops;
(WDTEXP= “17) i
All registers except SAFETY, STATUS, and Q

) ) INTERRUPT Boost.Off:
OTG Boost Mode Watchdog Timer Expira- 03 Off: ’
tion 54 0on

Set RESET (REG OFh[7]) = “1” Charging continues with default settings;

(Charge Mode) Q4°0n
Set RESET (REG OFh[7]) = “1” g%O(S)tﬁfo;
(OTG Boost Mode) 5% on

JEITA Charging To disable'the thermistor circuit, tie the NTC pin to GND.
The IC reducesdcHrg@and M oar if the-measured \ "~ This (also disables the REF output. Before enabling the
battery temperature is (outside ofithe fast charging-limits-chargerthe IC tests to see if NTC is shorted to GND. If NTC
(Between T2 td'3) as described ithe JEIR specification. is shorted to GND, the NTCGND monitor bit (REG 21h[2])
There are four battery temperature\thresholds that.changevill be set, no thermistor readings will take place, the
battery charger.operation: T1, T2, T3,;and T4, NTCOK bit (REG 18h[4]) and NTCINTC1l (REG
The IC first measures the”NTC.immediately prior to 18h[3:0]) bits will be reset.
entering any PWM charging state;"and then measures th@ppL|CABLE STATUS AND INTERRUPTS
NTC once per—second, updating~the result in the
NTC4iNTC1 bits(REG 18h[3:0]).
The Host'processor can disaBlE TA chaging reduction
by setting the TEMPDIS (REG 18h[5]) bit to “1”.

/INT
BATTEMP (REG 06h[3])

JEITA (REG 02h[3])
TBAT (REG 02h[2])

Pins:

Interrupt Bits:

Status Bits:

Table 17. BATTERY TEMPERATURE THRESHOLDS, FOR USE WITH 10 KNTC, =3380, and Rrgr = 10 K

Threshold Tgar (C) % of VREF
T1 0o¢ 73.9
T2 10¢ 64.6
T3 5 ¢ 32.9
T4 60 ¢ 23.3
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Table 18. ELECTRICAL CHARACTERISTICS (T;=25 & unless otherwise noted)

Tgar (C) locHRG VELOAT NTC4 11 JEITA TBAT Notes

Below T1 Charging disabled (Q4 open) 0000 1 1

Between T1 VELoaT — 200 mV 0001 1 0 If IOCHRG is programmed to less than

and T2 locHra / 2 400 mA, the charge current will be limited
to 200 mA.

Between T2 locHRG VELOAT 0011 0 0

and T3

Between T3 locHrg / 2 | VELoaT — 200 mV 0111 1 0 If IOCHRG is programmed to less than

and T4 400 mA, the charge current will be limited
to 200 mA.

Above T4 Charging disabled (Q4 open) 1111 1 1

Table 19. TEMPERATURE THRESHOLD WITH VARIOUS THERMISTORS, R rer = Rtgrm AT 25 C

Parameter Various Thermistors
RTHRM(25 @) 10K 10K 47K 100K
E 3380 3940 4050 4250
T1 o¢ 3¢ 6¢ 8¢
T2 10¢ 12 ¢ 13 ¢ 14 ¢
T3 5 ¢ 2¢ 41'¢ 0¢
T4 60 ¢ 55.¢ 53'¢ 51¢

Vpus Over iVoltage Protection
When \Vgys > Veusovr the IC stops switching1 fully APPLICABLE'STATUS AND INTERRUPT

enhances Q4 to support SYS load, and issues_an-interrupt: _ /INOK
When \gys falls below \susovp'~ VBUSOVP(HYS) Pins: AL
chargingresumes after VBUS is revalidated, where another
; o . VININT (REG 04h[6])
interrupt is issued. : Interrupt Bits:  5\/pINPUT (REG 06h[6))
If Veus > Veusovr VIN cannot’be used as a-charging

source. Status Bits: INPUTOVP (REG 02h[6])

APPLICABLE STATUS AND|INTERRUPT Vpar Over iVoltage Protection

' {BUSOK The FLOAT voltage regulation loop preventgaf from
Pins: ;g\IT-I:AT overshooting ¥ oar by more than ¥ar ovp if the battery

is removed during Charge Mode with TE (REG OEh[3]) =
VBUSINT (REG 04h[5]) “0” or “1”
OVPINPUT (REG 06h(ED Azzj't' . lly, if the battery i d during Ch

. itionally, if the battery is removed during Charge
Status Bits: INPUTOVP (REG 02h6]) Mode and TE = “0”, the IC will remain in Charge Mode.
V| Over iVoltage Protection Then if abattery is inserted that is charged to a voltage higher

When Viy > Vinove the IC stops switching, opens Q5, than 1.05 * \¢ oar; _

fully enhances Q4 to support SYS load, and issues an 1.  PWM pulses stop whilegar > Ve oaT.

Interrupt Bits:

interrupt. 2. HIVBAT (REG 20h[3]) monitor bit set to “1”.
When Wy falls below Minove — Vinovp(Hys) charging 3. BATFET (Q4) remains on to support the
resumesfter VIN is revalidated, where another interrupt is system, thus removing excess charge from the
issued. battery.
If ViN > Vinove VBUS cannot be used as a charging
source.
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Battery Absence Detection while Charging

The IC can detect the presence, absence, or removal of APPLICABLE STATUS AND INTERRUPT

battery if TE (REG OEh[3]) = “1” and CE# = “0". During
normal charging, once gAr = VFLoaT and the charge
current falls belowgrnm, the PWM charger continues to
provide power to SYS, the BATFET (Q4) is turned off

/INT
BATOCP (REG 06h[1])

Pins:

Interrupt Bits:

Safety Register

except tasupport Supplemental Mode, and the IC enters Idle  The IC contains a SAFETY (REG 1Ah) register that

State. It then turns on a battery discharge currggtgcTt

for tpeTecT If Vear is still above ¢ oar — VrcHa the
battery is present and the NOBAT bit is maintained at “0”.
If VgaT is below M oaT — VRcHG the battery is absent and

prevents the values in FLOAT (REG 11h[7:0]) and
IOCHRG (REG 12h[5:0]) from being set to unsafe levels.
The VSAFE (REG 1Ah[7:4]) and ISAFE (REG 1Ah[3:0])

register bits within the SAFETY register set a maximum

the IC resets all charging related registers to their defaultprogrammable value for FLOAT and IOCHRG.

values (FLOAT, IOCHRG, PRECHG, and ITERM) and
issues an interrupt.

By default the IC will retry Battery Absence Detection
every tnT (2.1 S) unless NOBATOP (REG OEh[4]) = “0".
APPLICABLE STATUS AND INTERRUPT
/INT
BATINT (REG 04h[0])

NOBAT (REG. 00h[0])

Pins:
Interrupt Bits:
Status Bits:

Battery Under T1Voltage Protection

The battery voltage falling belowsy,orTtduring battery
charging indicates thatcatastrophic event has occurred.on
the BAT pin. If the battery voltage drops belowp6rT
during charging, the IC will automatically disable the
BATFET (Q4) to stop current flow to the battery:node, and

After VgaT rises above ¥Yyory the SAFETY register is
loadedwith its default value and may be changed on the first
write to the SAFETY register and only before writing to any
other register. The VSAFE and ISAFE values must be
written tothe register at thexsame time. After.first writing to
the SAFETY registertor any other register, the SAFETY
register is locked:

The SAFETY register will reset\to"default values when
VBaT < VsHort The SAFETY register does not reset if the
Safety, Timer or WDT timer.expires.

Ship Mode

Ship Mode‘is—a state: where the BATFET (Q4) is
configured\to isolate-the battery from the system load to
minimizebatterydischargeurrent to the system. This mode
of operation«is-useful_for preserving the battery life of a

issue an interrupt. The IC enters the ddle State where themobile device during extended shipping and storage
buckconverter continues to provide power to the'system,If ,  asions Ship:Wode is also useful for production testing of

the batteryoltage recoverabove \51ors Q4 remains off
(Idle State is maintained) and BAHORT isset to'1™-This
implementation isntended to lock outbattery eharging..The
only way to restart charging is to first removed(jrcg and
then reconnect@a valid VIN ‘or VBUS-power source,
APPLICABLE STATUS AND INTERRUPT

/INT
/STAT

SHORTBAT (REG.06h({5])
LOIBAT (REG 01h[7])
BATSHORT {(REG 20h[4])

Pins:

Interrupt Bits:
Status Bits!
MonitorBits:

BATFET (Q4) Over iCurrent Protection

a,mobile device without having to drain the battery.

The /SHIP pin controls entry into and exit out of Ship
Mode. Toenter Ship Modehe /SHIP pin must be held LOW
for tspipenTER TO exit Ship Mode, /SHIP must be first
released and then held LOW forshipexi: This
configuration prevents accidental entry into and exit out of
Ship Mode with a single key press of a mobile device's
powerbutton. An alternate method for exitiSfpip Mode is
to reapply a valid source to VBUS or VIN. Once the source
has been validated, the charger IC will exit Ship Mode.

Ship Mode can also be programmed using the PPOFF
(REG OFh[1]) and PPOFFSLP (REG OFh[2]) control bits.
SettingPPOFF to “1” will disable€)4 and isolat¢he battery

In order to prevent damage to the charger and battery dugom the system load. As long as there is input power to
to a potentially dangerous fault on the SYS pin, the IC maintain the charger'@C port, setting PPOFF back to “0”

preventsts internal BAFET(Q4) from allowing excessive
battery discharge current for more thascbuaL. The Q4
shortcircuit current limit (] imoasc) is set for9 A (typical).

If the battery is connectehd the discharge current through
Q4 exceeds |vgssc for more than thestquar deglitch
time (1ms), Q4 will be disabled for the¢recovrecovery

will re fenable Q4.

Setting PPOFFSLP to “1” while there is input power
connected will disable Q4 once power is removed from
VBUS and VIN. Once power is reapplied, the charger IC
will automatically enable Q4.

The PPOFF and PPOFFSLP bits are automatically

time of 2 seconds. Once the 2 seconds has passed, Q4 willgntrolled by the /SHIP pin. When entering Ship Mode

turn on and check if the ovesurrent condition still exists.

If the overicurrent condition still exists, Q4 will be disabled
again for 2 seconds. This cycle will repeat until the
overicurrentcondition is removed.

using the /SHIpin, PPOFF and PPOFFSLP are set to “1”.
When exiting Ship Mode using the /SHIP pin, PPOFF and
PPOFFSLP are reset to “0”.
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Hardware Reset pull idown. After the 512 ms period has passed, Q4 is
This is a factory configurable option of the /SHIP pin.  refjenabled and the 200 pull idown is disconnected from
The Ship Mode feature can be disabled and the /SHIP pinSYS. This feature allows for a quick system restart of a

can also be reconfigured to perform a Hardware Resetmobiledevice with an embedded battery by eliminating the

When the /SHIP pin is held LOW for 8 s it will disable Q4 time needed for the battery to sidischarge to the point

for 512 ms and discharge SYS using an internal 200 where its protection switch opens.

VBAT |
ISHIP | : : l
0 I i i

)
|
|
1 i
ﬂtSH\pENTER:« »{tsmpgmm:« »ll tsHipexIT :« +: tsHipexIT :<—
T T T ] '

-

|
|
ltsipenterbe | »itsmpwm
On 1 ! ! : !
Q4 + Diode : L
Offl +
| | | | | |
SDA/SCL | ||
el el el el el el
g 9 g 9 g 9
Figure 48. Ship Mode Control
BOOST CIRCUIT DETAILS APPLICABLE STATUS ANDANTERRUPT
Refer to:Boost State Diagram Pins: ANT

Q1 and Q2 operate as a synchronous boost regulator to . interrupt Bits: BSTWDTTO (Reg.05h[1])
provide power to the_ VBUS pin for _US_B)nTthe'l'Go Status Bits: BOOST (REG 01h[1])
(OTG) applications using the battery as its input. The Boost
output voltage can be programmed using the VBOOST Boost PWM . Control
(REG 1Ch[3:0]) bits. TheIC uses accomputed-dilne and a regulated dtime
(withan _enforced<minimum) to regulatepMip. The

p regulator)-achieves* excellent transient response by
Boost Mode can be enabled by setting the BOOSTEN employing cutréntmode modulation.

(REG 1Ch[s]) bit to “1". BOOSTEN starts the boost ~ gincevgopsris regulated at the PMID nodegys will

operation, regulating VBOOST (REGLEN[3:0])-at_the. syhikit a loadline equal to the Bs(on) of Q3.
PMID node. To provide’ power out.to the VBUYS pin;, the

OTG bit (REG 1Ch[6]) must also be setto “1”.-Whenever ‘Beost PFM Mode
boost mode s disabled; reither by.a fault-eor writing If Vpmip > VRERsposT (nominally 5.00 V) when the
BOOSTEN="0"the OTG bit will be automaticallyfesetto minimum offitime has ended, the regulator enters PFM
“0". Mode. Boost pulses are inhibited untilpMp <
The HZMODE (REG OEh[1]) bit will'be.ignored when the VREFgpoosTt The minimum oritime is increased to enable
boost isenabled. The device will'returnyto-High Impedance the output to pump up sufficiently with each PFM boost
Mode when BOOSTEN is set backto*“0” or the DIS pinis pulse. Therefore the regulator behaves like a constant
raised HIGH: onitime regulator, with the bottom of its output voltage
The boost should not be enabled with a valid VIN present.ripple at \bpostin PFM Mode.
If a source is plugged into VIN while the boost is already
running, VIN will be ignored (Q5 will remain off) until the ~ BOOst Startup

Boost Enable and Programming

boost is disabled. As f[he device should be in the St_andby State when the
boostis enabled, the BATFET (Q4) will already be enabled
Boost Mode and Timer Operation to support the system.

It is recommended to enable the watchdog timygp )by
setting WDEN (REG 19h[6]) bit to “1” to ensure that the
host processor is controlling Boost Mode operation. The
TMRRST (REG 19h[7]hit must be set by the host before
the typ timer times out. Ifyp times out in Boost Mode, the
BOOSTEN and OTG bits are reset, and an interrupt is
issued.
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Soft iStart State APPLICABLE STATUS AND INTERRUPT
By setting BOOSTEN = “1”, the boost regulator begins Status Bits: BOOST (REG 01h([1])
switching with a reduced peak current limit of 50% of its  |If VV gg fails to reach Wyp 1400 mV within 1 ms, a
normal current limit (liwpk(ssT)). The output slews up  boost fault state is initiated, and an interrupt is issued.
until Vpmip is within 5% of its setpoint (¥s7); at which  AppLICABLE STATUS AND INTERRUPT
time, the regulation loop is closed and the current limit is set Pins: /INT
to 100%.
If the output fails to achieve 95% of its setpoint within
128 s, the current limit is increased to 100%. If the output Boost State
fails to achieve 95% of its setpoint after an additional 1 ms This is the normal operating mode of the boost regulator.
period, a boost fault state is initiated and an interrupt is Vin
issued. NouT
APPLICABLE STATUS AND INTERRUPT

Interrupt Bits: BSTFAIL (REG 05h[3])

The minimum ggf is proportional toYoUT | which keeps
the regulator’s switching frequency relatively constant in

Pins: /INT CCM.
Interrupt Bits: BSTFAIL (Reg.05h[3])
Boost Alert
Short Check State When thebattery voltage falls below 3.0 \Vsan interrupt is

The OTG (REG 1Ch[6]) control bit needs to be set in order issued warning thatithe battery is depleted’ The /INT pin is
to pass the boost output voltage (PMID) tgy¥ for USB pulled low tos@lert, the processor—of the condition.
OnitheiGo operation. Once OTG is set to “1", the Short BOOSTEN iS\not reset.

Checkstate enables a resistor from PM¢DV/gys and waits APPLICABLE STATUS AND INTERRUPT

for Vgys to rise to about 1.5 V before proceeding with the Pins: IINT

VBUS Connect State. This prevents high current drain from
the battery, whicleould occur if Q3 is turned on into a short
circuit.

If Vgus fails to rise above 1.5V within 8 ms, aniinterrupt gt Faiiits
is issued, the resistor is disconnected between PMID and 1.9 \B00ST fault ocours:

Interrupt Bits: VBATLV (REG 05h[0])
Status Bits: BATLO (REG 01h[0])

VBUS, and \byip remains regulated t0gbost 1, The/INT Pin'is pulled low for Interrupt faults.
APPLICABLE STATUS AND INTERRUPT 2. BOOSTEN bit is reset to “0”. OTG bit is reset to
Pins: /INT “0%. Q3 is opened.
Interrupt Bits: OTGOEP,(REG 06h[2]) 3. BOOST status bit is cleared.
If the VBUS fault is removed, Short €heck State:will 4. The power stage is in Highmpedance Mode.
automaticallyretry after 2 seconds, and then proceed to the 5. Interrupt bits are set p&able 20.
VBUS Connect State BOOSTEN:s reset on boost faults. Boost Mode can only

be reienabled by setting the BOOSTEN bit.
VBUS Connect State

If a short is not'detected-ors\sduring the-Short Check  Boost Shutdown
State, Q3 will fullyturn'on and provide<a low impedance ~ When the boost regulator is shut down (BOOSTEN =
pathbetween PMID'and VBUS. The resisiatween PMID “0"), currentflow is prevented from ¥ar to Vgys, as well
and VBUS:is left connecteds This state ends whgp<V as reverse flow from Mys to Vgar.
risesabove \bp 1400 mV within a 1 ms period, at which
point boost regulation is achieved and a Status bit is set.

Table 20. FAULT BITS DURING BOOST MODE

Fault Name Fault Bit Fault Description
BSTOVP REG 05h[5] Vewmip > VBoosT ovp
REG OBt | Ve e e e e it g sofstar
BATUVL REG 05h[2] Vgar < UVLOgsT
BSTTSD REG 05h[4] Thermal Shutdown (T > TregTH)
BSTWDTTO REG 05h[1] Boost Watch Dog Timer Fault
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LDO A Data change allowed
The FAN5451x provides a 4.95 V (typical), 10 mA LDO - g
that issourced by PMID. TheDO is automatically enabled
32 ms after Bys or V|n Plug In. SDA
The LDO can be disabled by setting LDO_OFF (REG
0Dh[5]) to“1”. The LDO output voltage can be programmed T
using the VLDO (REG 0Dh[4:3]) bits. —_—
Whenever the FAN5451x is operating in boost mode SCL Ty
(BOOSTEN = “1"), the LDO will be disabled. When the - > [ \
LDO is disabled, an internal switch pulls the output low
through al2k pU" Tdown resistor. Figure 49. Data Transfer Timing

Each bus transactidregins and ends with SDA and SCL
HIGH. A transaction begins with a 8RT condition, which
FAN54511A, FAN54511AP, FAN54513A only is defined a$SDA transitioningfrom 1 to O with SCL HIGH.

The LDO output sources the high side of the GPO1 and
GPO2 CMOS output drivers, while the gate of the output SDA [ Taoem / Slave Address ><
drivers are controlled by the GPO2 (REG 0Dh [7]) and \ MS Bit
GPO1 (REG 0Dh [6]) control bits. LDO and GPO1 are

enabled by default. SCL I\_

12C INTERFACE _ _

The FAN5451x's serial interface is compatible with Figyre\o. Start Bit
Standard, Fast, Fast Plus, and Hig§peed Mode 12C bus A transaction (ends withta STOP condition, which is
specificationsThe AN5451x’sSCL line is an input andits ~ defined asSDA transitioning from “0" to “1” with SCL high.
SDA line is a bidirectional operfidrain output; it can only.
pull down the bus when active. The SDA line©nly.pulls low
during data reads and when signalingrACK. All"data is ACK(0) or
shifted in MSB (bit 7) first. SDA :X NACK(1)

Slave Address e —
SCL _\—/7

2
Table 21. 1-C Slave Address Byte Figure 51. Stop Bit

7 6 5 QY 4 X z 0 During a read from the FAN5451x, the master issues a
1 1 0 1 0 1 1 RIW Repeatedbtart after sending the register address and before

In hex notation, the slave address assumesa“0" LSB. Thgesending thelave address. The Repeated Start ist@iD
hex slave address is D6H (it write address) for all parts  transition on SDA while SCL is high.
in the family. Other slave addresses can be accommodateg”gh iSpeed (HS) Mode

upon reqL_Jest. Contact your-- ON Semiconductor The protocols for HigliSpeed (HS), LoviSpeed (LS),
represeRtative. and FasiSpeed (FS) Modes are identical except the bus
Bus Timing speed for HS Mode is 3.4 MHz. HS Mode is entered when
As shown in Data Transfer Timing, data is normally the bus master sends the HS master code 00001XXX after
transferredvhen SCL is low. Data is clocked in on the rising @ start condition. The master code is sent in Fast or Fast Plus
edge ofSCL. pically, data transitions shortly at or after the Mode (maximum 1 MHz clock); slaves do not ACK this
falling edge of SCL to allow ample time for the data to set transmission.
up before the next SCL rising edge.

LDO and GPO Configurations

Slave Releases™ ; Master Drives

tHD:STO !
-~
|
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The master then generates a repeated start condition that _Slave Releases | lsusml, bosm |
causes all slaves on the bus to switch to HS Mode. The ¢, ACKO) \ / SLADDR ><
master then sends 12C packets, asilleed above, using the

HS Mode clock rate and timing. scL \I \ /
The bus remains in HS Mode until a stop bit is sent by the S

master. While in HS Mode, packets are separated by

", Figure 52. Repeated Start Time
repeated start conditions.

READ AND WRITE TRANSACTIONS

Table 22. BIT DEFINITIONS

Symbol Definition
S START
A ACK. The slave drives SDA to 0 acknowledge the preceding packet.
A NACK. The slave sends a 1 to NACK the preceding packet.
R REPEATED START
P STOP
ra——7 bits—»| 0 «—38 bits——» .0 «——8 bits——»0
S | Slave Address | 0 | A Reg Addr A Data A ‘ P ‘
Figure 53. Write Transaction
«——7 bits— 0 «—38 bits—==» 0 =7 bits—= > 0 4«8 bits— 1
S| Slave Address | 0 | A Reg Addr A | Ry.\Slave Address | I | A Data K‘ P ‘

Figure 54.,Read Transactions
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SOLUTION DESIGN RECOMMENDATION

Figure 56. Recommended GND Connections
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The default states of the registers are with only the battery connected (VBUS and VIN not connected).

Table 23. 12C REGISTER MAP

REG NAME | ADR DEFAULT Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
STATUS 0 0oh 1000_0010 RESERVED VINPWR VBUSPWR PWROK STAT PRE SLEEP NOBAT
STATUS 1 01h 0000_0000 LOIBAT CHGDET CHGCMP TOCHG DIVC BOOST BATLO
STATUS 2 02h 0000_0000 INPUTSEL INPUTOVP TEMPSD TEMPFB JEITA TBAT WDTTO TMRTO

INT 0 04h 0000_0000 VALFAIL VININT VBUSINT VLOWTH CHGEND CHGMOD WKBAT BATINT

INT 1 05h 0000_0000 IBATLO RCHGN BSTOVP BSTTSD BSTFAIL BATUVL BSTWDTTO VBATLV

INT 2 06h 0000_0000 TOCMP OVPINPUT SHORTBAT ICTEMP BATTEMP OTGOCP BATOCP TIMER
MINT O 08h 0000_0000 MVALFAIL MVININT MVBUSINT MVLOWTH MCHGEND MCHGMOD MWKBAT MBATINT
MINT 1 09h 0000_0000 MIBATLO MRCHGN MBSTOVP MBSTTSD MBSTFAIL MBATUVL RESERVED MVBATLV
MINT 2 0Ah 0000_0000 MTOCMP MOVPINPUT | MSHORTBAT MICTEMP MBATTEMP MOTGOCP MBATOCP MTIMER

CONTROL 0 0Ch 0011_1111 RESERVED VLOWV VBATMIN

CONTROL 1 0Dh 0101_0111 GP02 GPO1 LDO_OFF VLDO RESERVED VSYS

CONTROL 2 OEh 0001_1100 CONT RESERVED RCHGDIS NOBATOP TE TOEN HZMODE RESERVED

CONTROL 3 OFh 0100_0000 RESET TREGTH RESERVED PPOFFSLP PPOFF CE#

VFLOAT 11h 0110_1001 FLOAT
IOCHRG 12h 0001_0000 RESERVED | IOCHRG
IBAT 13h 1001_1000 ITERM | PRECHG
IBUS 14h 0001_0000 RESERVED | IBUSLIM
VBUS 15h 0010_0100 RESERVED L VBUSOVP I VBUSLIM
1IN 16h 0001_1011 RESERVED | IINLIM
VIN 17h 0001_0100 RESERVED VINOVP VINLIM
NTC 18h 0000_1111 RESERVED TEMPDIS NTCOK NTC4 NTC3 NTC2 NTC1
TIMER 19h 0001_1011 TMRRST T WDEN RESERVED PRETMR FCTMR
SAFETY 1Ah 1111 1114 SAFETY
TOPOFF 1Bh 0000_0011: RESERVED TO_BDETDIS TOTMR
BOOST 1Ch 0001_0010 RESERVED oTG BOOSTEN RESERVED VBOOST
DPLUS 1Fh 0000_0000 FOREGEDET RESERVED SETTMRO
MONITOR 0 20h 1000_0110 ITERMCMP. VBATCMP VLOWVCMP BATSHORT HIVBAT IBUS# ICHG# Ccv
MONITOR 1 21h 1010_0XXX RESERVED PMIDVBAT PPON BUCKON ISRCCMP NTCGND DISPIN ILIMPIN
IC_INFO 2Dh 10XX: XXXX VENDOR €ODE PN REV
ggﬁ‘rrlé'?)li 30h. 0010_0000 WDTEXP RESERVED DIVCON DISREF RESERVED RESERVED
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Table 24. 12C REGISTER DESCRIPTIONS
This table defines the operation of each register bit for all IC versions. Default values are with VBAT = 3.8 V and VBUS = VIN = open.

STATUS 0 Register Address: 00h Default Value = 1000 0010
Bit Name Value Type Description
7 RESERVED 1 R Reserved. This bit should always read “1".
A “1” indicates that an input source voltage at V| has risen above Vsourcg(risg) and
6 VINPWR 0 R passed validation, and a valid VBUS is not present. To maintain a “1” Vsourcg(raLL) < ViN
<Vinovp and Viy > Vgar + Vsip
VINPWR will not be set to “1” if VBUSPWR = “1".
A “1” indicates that an input source voltage at Vgys has risen above Vsoyrce(risg) and
5 VBUSPWR 0 R passed validation. To maintain a “1”
VsouRce(FALL) < VBus < Veusovp and Veys > Vear + Vsip,
A “1” indicates that Vgar > V| owv during charging.
4 PWROK 0 R If HZ state is entered while PWROK is set to “1” and then Vgar falls below V| ow,
PWROK will not reset to “0” until after the source is re ivalidated and the IC returns to
Charge Mode. Validation occurs whenever the part exits HZ State.
3 STAT 0 R A “1” indicates the /STAT pin is pulled low when charging is being performed. - This bit goes
to “0” during Top iOff charging.
A “1” indicates that the charger is in Pre iCharge‘mode and a “0™indicates it is not. In con-
2 PRE 0 R junction with the STAT (REG 00h[3]) bit, the system processor. can‘determine the type of
charging being performed.
A “1” indicates that the charger is'in sleep.mode. Sleep mode is entered when the highest
1 SLEEP 1 R available input source yoltage drops below the-higher of
VBAT * VsLp O vSQURCE(FALL):
0 NOBAT 0 R A “1” indicates that the IC has determined there is ho battery connected.
STATUS 1 Register Address: 01h Default Value = 0000 0000
Bit Name Value Type Description
7 LOIBAT 0 R A “1” indicates thatthe battery is,present.but.the current has fallen below the Itgrm
threshold when TE="0" orf TOEN =:1".
Identifies the type“of chargeradapter connected to the VBUS input after adapter detection
is.completed..(FAN54510A, FAN54512A only).
Binary “Adapter Type
6:5 CHGDET 00 R 00 Detection not completed
0x SDP
10 CDR
11 DCP
A"1" indicates that the battery is charged (Igat< ;Term) @nd that charging has completed
4 CHGCMP 0 R when TE = “1".
This bit remains “0” during Top TOff charging.
3 TOCHG 0 R A “1” indicates Top TOff charging mode.
A “1” indicates that the Dynamic Input Voltage Control loop is active.
2 DIVC 0 R If DIVC =“1", the INPUTSEL (REG 02h[7]) status bit indicates whether the Vgysm or
V|nLim Voltage control loop is active.
1 BOOST 0 A “1” indicates the device is in boost mode.
0 BATLO 0 A “1” indicates that Vgar < 3.0 V during Boost Operation only.
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Table 24. 12C REGISTER DESCRIPTIONS (continued)
This table defines the operation of each register bit for all IC versions. Default values are with VBAT = 3.8 V and VBUS = VIN = open.

STATUS 2

Register Address: 02h Default Value = 0000 0000

Bit

Name

Value

Type

Description

INPUTSEL

Indicates which input is routed to PMID whenever a valid source is connected to VBUS or
VIN.

Binary  Input

0 VBUS

1 VIN

INPUTOVP

A “1” indicates that Vgyg and/or V| is higher than its OVP threshold. Switching is stopped
to protect the IC and the BATFET (Q4) is turned on to support the system load.

If INPUTOVP = “1", the INPUTSEL status bit (REG 02h[7]) state indicates whether the
OVP condition exists on Vgyg or V).

TEMPSD

A “1” indicates the charger is in thermal shutdown.

TEMPFB

A “1” indicates the charger is in thermal regulation.

JEITA

A “1” indicates the battery temperature is outside the JEITA nermal temperature range
during battery charging, charge current and floatwoltage have been reduced.or charging
has stopped, and NTC (REG 18h[3:0]) = “0000”,“0001",0111", or “1311™;

See (REG 18h[5:0]) for details on NTC operations

TBAT

A “1” indicates the battery temperature is unsafe and, therefore; charging has been
stopped and NTC (REG 18h[3:Q]) =*0000" or “1111"
See (REG 18h[5:0]) for details on NTC operation.

WDTTO

A “1” indicates the 100sec Watch Dog, Timer hasjtimed out in Charge Mode. When the
watch dog timer expires, registers are resetto their default values,and the WDEN (REG
19h[6]) controlbit is cleared.

Setting WDEN (REG 19h[6]) = “1*.0ra.re iinsertion of VBUS 'or VIN will reset WDTTO
back to™“0”.

TMRTO

A “1"indicates the safety\timer expired during Pre iCharge or Fast Charge.
A re iinsertion of VBUS or VIN will.reset WDTTO’back to “0”.

INT O

Register/Address: '04h ] Default Value = 0000 0000

Bit

Name

Value

Type

Description

VALFAIL

RC

A™1” indicates\that Vgys.or V|y validation failed.

VININT

RC

VIN Plughln: A *1*indicates V|n > VsouRce(risg)- The bit will remain “0” if VBUS is al-
ready present.

VIN/Plug Out: A “1” indicates V| < VSOURCE(FALL) or ViN < VeaTt+VsLp.

VBUS Plug Out with VIN Present: A “1” indicates that V|y > Vsourcg(risg)- This VIN in-
terrupt will not occur, though, until Vgyg < VSOURCE(FALL) or Vgys < VpattVsLp

VBUSINT,

RC

VBUS Plug In: A “1” indicates Vgys > VSOURCE(RISE)-
VBUS Plug Out: A “1” indicates Vgys < VSOURCE(FALL) or Vgus < Veatt+VsLp

VLOWTH

RC

A “1” indicates the battery voltage has risen above or fallen below the V| oy threshold
during charging or Vgar > V| owy at the start of charging. The interrupt will also occur at
Plug Out if VgaT > Vi owv-

CHGEND

RC

A “1” indicates that the device has completed a normal charge cycle where Igar has fallen
below the Itgrm threshold if TE = “1”. If configured to do so, the IC may continue charging
in Top Off with CHGEND = “1".

CHGMOD

RC

A “1” indicates that the charging mode has changed between Pre iCharge and Fast
Charge modes.

WKBAT

RC

A “1” indicates the battery is below the Vgarmin threshold set in VBATMIN (REG 0Ch[2:0])
at Plug In.

BATINT

RC

A “1” indicates that the IC has determined the battery presence has changed state.
See NOBAT (REG 00h[0]) status bit.
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Table 24. 12C REGISTER DESCRIPTIONS (continued)
This table defines the operation of each register bit for all IC versions. Default values are with VBAT = 3.8 V and VBUS = VIN = open.

INT 1 Register Address: 05h Default Value = 0000 0000
Bit Name Value Type Description
A “1” indicates that the charging current has risen above or fallen below Iygrpm When
7 IBATLO 0 RC E =“0". The LOIBAT (REG 01h[7]) status bit should also be read to determine if the actu-
al charging current is above or below the Itgrym threshold.
A “1” indicates that the battery voltage has fallen by Vrchg below Vg oar after charging
6 RCHGN 0 RC has completed.
5 BSTOVP 0 RC A “1” indicates that VBUS has risen above the boost OVP threshold.
A “1” indicates that the IC junction temperature has exceeded the temperature shutdown
4 BSTTSD 0 RC threshold, TrRegTH, during boost operation.
Vpgus fails to achieve the voltage required to advance to the next state during soft istart or
8 BSTFAIL 0 RC sustained (>50 s) current limit during the boost state.
A “1” indicates that the battery voltage fell below UVLOggt during boost operation or that
2 BATUVL 0 RC Vpar< UVLOgsT When the boost is first enabled.
1 BSTWDTTO 0 RC A “1” indicates the 100sec Watch Dog Timer has timed out during Boost.©peration.
0 VBATLV 0 RC Provides an interrupt bit for indicating that the battery has fallen below3.0 V during Boost
Operation. Boost operation will continue until either BOOSTEN\= “0” or Vgar < UVLOggT.
INT 2 Register Address: 06h T Default Value = 0000 0000
Bit Name Value Type Description
A “1” indicates that Top 1Off charging has cempleted with the expiration of the Top TOff
’ TOCMP 0 RC timer when both TE="1" and TOEN="1".
A “1” indicates that the Vgys or. V| voltage has risen ahove'or fallen below the OVP
6 | OVPINPUT 0 RC | threshold. See INPUTOVPAREG 02h[6]).Status bi,
5 SHORTBAT 0 RC A “1"indicates that Vigat-has fallen below Vigyort during charging.
A “1” indicates that the IC.temperature has risen high enough to trigger Thermal Regula-
4 ICTEMP 0 RC tion (TregTh), OF Thermal Shutdown(T sHuTDOWN)-
If ICTEMR =."1", see TEMPEB (REG 02h[4]) and TEMPSD (REG 02h[5]) Status bits to
determine if the-device is.in Thermal Regulation or Thermal Shutdown.
3 BATTEME o RO A 1" indicates Eh?t the battery temperature has changed status. .
If BATTEMP = #1",'see NTC (REG 18h[5:0]) for battery temperature details.
2 OTGOCP 0 RC A.1" indicates'that the boost did not successfully pass the Short Check State.
1 BATOCP 0 RC A-“L*>indicates that the BATFET (Q4) has exceeded its discharge current limit.
If'running from the Safety Timer, a “1” indicates that the safety timer for Pre iCharge or
0 TIMER 0 RE Fast Charge has expired. See TMRTO (REG 02h[0]) Status bit.
If running from the Watch Dog Timer, a “1” indicates that the watch dog timer has expired
in boost or charge operation.
MINT O Register Address: 08h Default Value = 0000 0000
Bit Name Value Type Description
7 MVALFAIL 0 R/W | Writing a “1” masks VALFAIL = “1” from driving the /INT pin LOW.
6 MVININT 0 R/W | Writing a “1” masks VININT = “1" from driving the /INT pin LOW.
5 MVBUSINT 0 R/W | Writing a “1” masks VBUSINT = “1” from driving the /INT pin LOW.
4 MVLOWTH 0 R/W | Writing a “1” masks LOWTH = “1” from driving the /INT pin LOW.
3 MCHGEND 0 R/W | Writing a “1” masks CHGEND = “1” from driving the /INT pin LOW.
2 MCHGMOD 0 R/W | Writing a “1” masks CHGMOD = “1” from driving the /INT pin LOW.
1 MWKBAT 0 R/W | Writing a “1” masks WKBAT = “1” from driving the /INT pin LOW.
0 MBATINT 0 R/W | Writing a “1” masks BATINT = “1” from driving the /INT pin LOW.
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Table 24. 12C REGISTER DESCRIPTIONS (continued)
This table defines the operation of each register bit for all IC versions. Default values are with VBAT = 3.8 V and VBUS = VIN = open.

MINT 1 Register Address: 09h Default Value = 0000 0000
Bit Name Value Type Description
7 MIBATLO 0 R/W | Writing a “1” masks IBATLO = “1” from driving the /INT pin LOW.
6 MRCHGN 0 R/W | Writing a “1” masks RCHGN = “1” from driving the /INT pin LOW.
5 MBSTOVP 0 R/W | Writing a “1” masks BSTOVP = “1” from driving the /INT pin LOW.
4 MBSTTSD 0 R/W | Writing a “1” masks BSSTSD = “1” from driving the /INT pin LOW.
3 MBSTFAIL 0 R/W | Writing a “1” masks BSTFAIL = “1” from driving the /INT pin LOW.
2 MBATUVL 0 R/W | Writing a “1” masks BATULV = “1” from driving the /INT pin LOW.
1 Reserved 0 R
0 MVBATLV 0 R/W | Writing a “1” masks VBATLV = “1" from driving the /INT pin LOW.
MINT Register Address: 0Ah Default Value = 0000 0000
Bit Name Value Type Description
7 MTOCMP 0 R/W | Writing a “1” masks TOCMP = “1” from driving the /INT pin LOW.
6 MOVPINPUT 0 R/W | Writing a “1” masks OVPINPUT = “1” from driving the /INT pin LOW.
5 MSHORTBAT 0 R/W | Writing a “1” masks SHORTBAT-= “1™from driving the /AN pin LOW.
4 MICTEMP 0 R/W | Writing a “1” masks ICTEMP:=“1" from driving the /INT pin LOW.
3 MBATTEMP 0 R/W | Writing a “1” masksBATTEMP.= “1"from driving'the /INT pin LOW;
2 MOTGOCP 0 R/W | Writing a “1”.masks OTGOCP =*“1" from driving the+/INT pin’ LOW.
1 MBATOCP 0 R/W | Writing@,“1” masks BATOCP =“1" from driving the /INT\pin LOW.
Writing a “1” masks TIMER=.“1" from driving the/INT pin low if CONT = “1”
(REG OEN[7]).
0 MTIMER 0 RIW If CONT = “0", MTIMER will-be reset to “0”when a Pre iCharge or Fast Charge timer
expires and will, therefore, net mask/INT bit.
CONTROL O RegisterAddress: 0Ch Default Value = 0011 1111
Bit Name Value Type Description
7:6 Reserved 00 R
This sets.the good battery voltage threshold on the BAT pin, above which full system pow-
er is available to the user.
Binary = Vi owv (V)
000 3.0
001 3.1
. 010 3.2
5:3 VLEOWV 111 R/W 011 33
100 34
101 35
110 3.6
111 3.7
This sets the voltage threshold on the BAT pin above which Fast Charge begins.
VBATMIN should not be set lower than the minimum required system voltage.
Binary  Vgatmin (V)
000 2.7
001 2.8
2:0 VBATMIN 111 R/W | 010 2.9
011 3.0
100 3.1
101 3.2
110 3.3
111 34
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Table 24. 12C REGISTER DESCRIPTIONS (continued)
This table defines the operation of each register bit for all IC versions. Default values are with VBAT = 3.8 V and VBUS = VIN = open.

CONTROL 1 Register Address: 0Dh Default Value = 0101 0111
Bit Name Value Type Description
7 GPO2 0 RIW A “1” enables GPO2 to output logic high. GPO2 is sourced by the LDO. (FAN54511A,
FAN54511AP, FAN54513A only)
6 GPO1 1 RIW A “1” enables GPOL1 to output logic high. GPOL1 is sourced by the LDO. (FAN54511A,
FAN54511AP, FAN54513A only)
5 LDO_OFF 0 R/W | A“1" disables the LDO.
Sets the LDO output voltage. The LDO input is sourced from PMID.
Binary Vi po (V)
. 00 3.30
4:3 VLDO 10 R/W o1 360
10 4.95
11 5.05
2 Reserved 1 R
Regulated system voltage in Pre iCharge Mode (Vgat < Veatmin)- V8YS should be pro-
grammed 250mV, or more, above the minimum required system voltage. With limited
available input power, Vgys can be up to 250 mV below its programmed target level.
. Binary  Vgys (V)
1:0 VSYS 11 R/W 00 33
01 3.4
10 35
11 3.6
CONTROL2 Register Address: 0Eh Default Value = 0001 1100
Bit Name Value Type Description
Writing.a “1” ignores a:Pre iCharge or'Fast Charge'Safety Timer expiration fault and al-
lows the IC'to continue ‘charging. However, the TMRTO (REG 02h[0]) status bit and
TIMER (REG 06h[0}) interrupt bit will stilhbe set to “1” upon timer expiration.
7 CONT 0 W A“0™will reset all registers’except SAFETY and put the charger IC into IDLE State when
the PreiCharge or'Fast Charge Safety Timer expires.
CONT does,not affect the watchdog timer or top ioff timer. Reading this bit always returns
‘0.
6 Reserved 0 R
Wiiting.a“1" disables the automatic recharge function with TE = “1” when the battery volt-
5 RCHGIRG ¢ RV age-falls below Vg oaT — VRCHG-
For-a “0”, if no battery is detected during source plug iin or when a Full Battery (end of
charge) is reached, the charger will not perform an additional battery absence test. The
buck converter will stay on and the BATFET turns off allowing the host processor to con-
4 NOBNTOP 1 nefy tinue to run with no battery.
For a “1” if no battery is detected during source plug iin or when a Full Battery (end of
charge) is reached, the charger will perform a battery absence test every 2 seconds until a
battery is connected. The buck converter will stay on and the BATFET (Q4) turns off allow-
ing the host processor to continue to run with no battery.
3 TE 1 RIW A “1” enables charge current termination and a “0” allows charging to continue even if Igat
< lterm-
2 TOEN 1 R/W | A“1” enables the Top T1Off charging.
A “1” puts the IC in the High iZ state. This bit will be ignored when BOOSTEN = “1", but
1 HZMODE 0 RIW device will return to HZ state when BOOSTEN is set back to “0”.
The bit will reset to “0” when VBAT falls below VBATMlN' When VBAT < VBATMIN: writes to
this bit are ignored.
0 Reserved 0 R
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Table 24. 12C REGISTER DESCRIPTIONS (continued)
This table defines the operation of each register bit for all IC versions. Default values are with VBAT = 3.8 V and VBUS = VIN = open.

CONTROL3 Register Address: OFh Default Value = 0100 0000
Bit Name Value Type Description
Writing a “1” resets all registers to their defaults: writing a “0” has no effect.
7 RESET 0 R/W Read returns “0”.
Temperature threshold at which the current is reduced to prevent the device from
overheating.
Binary  TrecTH (€)
6:5 TREGTH 10 R/W | 00 70
01 85
10 100
11 120
4:3 Reserved 0 R
PPOFFSLP is for automatic Ship Mode entry once the input source (VBUS or VIN) is
removed. When PPOFFSLP is set to a “1", PPOFF will besautomatically written te “1”
2 PPOFFSLP 0 RIW when Vgus Or Vi falls below VSOURCE(FALL)-
PPOFFSLP will be reset to “0” once a valid input power.source is connected:
Writing a “1” to this bit turns the BATFET(Q4) off immediately. While PPOFF is set to “1”,
supplemental mode is not allowed.
Bit Reset Behavior
1 PPOFF 0 R/W | PPOFFSLP = “1" (Ship Mode): PPOFF and/PPOFFSLP-will be reset to “0” when a valid
input source is connected.
PPOFFSLP="0": PPOFF will'be resetto “0*when a validiinput source, is either removed or
connected.
During a normal charging condition,@ “0” enables the BATEET, Q4 and a “1” disables the
0 CE# 0 R/W | BATFET (Q4) but will allow the'battery to'supplement.the 'SYS load when Vgyg falls below
VBAT-
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Table 24. 12C REGISTER DESCRIPTIONS (continued)
This table defines the operation of each register bit for all IC versions. Default values are with VBAT = 3.8 V and VBUS = VIN = open.

VFLOAT Register Address: 11h Default Value=0110 1001

Bit Name Value Type Description
Charger output “float” voltage, Vi _oaT
Programmable from 3.3 V t0 4.72 V in 10 mV increments. Default is 4.35 V
Hex VeLoat(V) | Hex VeLoat(V) | Hex VeLoat(V)
00 3.30 37 3.85 6E 4.40
01 3.31 38 3.86 6F 4.41
02 3.32 39 3.87 70 4.42
03 3.33 3A 3.88 71 4.43
04 3.34 3B 3.89 72 4.44
05 3.35 3C 3.90 73 4.45
06 3.36 3D 3.91 74 4.46
07 3.37 3E 3.92 75 4.47
08 3.38 3F 3.93 76 4.48
09 3.39 40 3.94 7 4.49
0A 3.40 41 3.95 78 4.50
0B 3.41 42 3.96 79 4.51
ocC 3.42 43 3.97 7A 4.52
oD 3.43 44 3.98 7B 453
OE 3.44 45 3.99 7C 4.54
OF 3.45 46 4.00 7D 4.55
10 3.46 47 4.01 TE 4.56
11 3.47 48 4.02 TF 4.57
12 3.48 49 4.03 80 4.58
13 3.49 4A 4.04 81 459
14 3.50 4B 4.05 82 4760
15 3.51 4C 4.06 83 4.61
16 3.52 4D 4.07 84 4.62
17 3.53 4E 4.08 85 4:63
18 3.54 4F 4.09 86 4,64
19 3.55 50 4.10 87 4.65

7:0 FLOAT 01101001 | R/W | 1A 356 51 441 88 466
1B 3.57 52 4312 89 4.67
1C 3.58 53 413 8A 4.68
1D 3.59 54 4.14 8B 4.69
1E 3.60 55 4.15 8C 4.70
1F 3.61 56 4.16 8D 4.71
20 3.62 57 4.17 8E 4.72
21 3.63 58 418
22 3.64 59 419
23 3.65 5A 4.20
24 3.66 5B 4.21
25 367 5C 4.22
26 3.68 5D 4.23
27 369 5E 4.24
28 3.70 5F 4.25
29 3.71 60 4.26
2A 372 61 4.27
2B 3.73 62 4.28
2C 3.74 63 4.29
2D 3.75 64 4.30
2E 3.76 65 4.31
2F 3.77 66 4.32
30 3.78 67 4.33
31 3.79 68 4.34
32 3.80 69 4.35
33 3.81 6A 4.36
34 3.82 6B 4.37
35 3.83 6C 4.38
36 3.84 6D 4.39

Bits 8Fh i FFh=4.72V
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Table 24. 12C REGISTER DESCRIPTIONS (continued)
This table defines the operation of each register bit for all IC versions. Default values are with VBAT = 3.8 V and VBUS = VIN = open.

IOCHRG Register Address: 12h Default Value=0001 0000
Bit Name Value Type Description
7:6 Reserved 00 R

Sets the typical battery charging current, locyrg, during Fast Charging.
Programmable from 0.200 A to 3.200 A in 50 mA increments. Default is 1.000 A.

Hex locHrg(A) | Hex locHrG(A) | Hex locHrG(A)
00 0.200 15 1.250 2A 2.300
01 0.250 16 1.300 2B 2.350
02 0.300 17 1.350 2C 2.400
03 0.350 18 1.400 2D 2.450
04 0.400 19 1.450 2E 2.500
05 0.450 1A 1.500 2F 2.550
06 0.500 1B 1.550 30 2.600
07 0.550 1C 1.600 31 2.650
08 0.600 1D 1.650 32 2.700
50 IOCHRG 010000 R/W 09 0.650 1E 1.700 33 2.750
0A 0.700 1F 1.750 34 2.800
0B 0.750 20 1.800 35 2.850
ocC 0.800 21 1.850 36 2.900
0D 0.850 22 1.900 37 2.950
OE 0.900 23 1.950 38 3.000
OF 0.950 24 2.000 39 3.050
10 1.000 25 2.050 3A 3.100,
11 1.050 26 21100 3B 3:150
12 1.100 27 2.150 3C 3200
13 1.150 28 2.200
14 1.200 29 2.250
Bits 3Dh "3Fh = 3.200.A
IBAT Register Address: 13h Default Value = 1001 1000
Bit Name Value Type Description

Sets the termination current.thresholdytgrm-
Programmable from 100'mA te.600-mA. Defaultis 300 mA.
If TE = “1” and the,charge-current falls ‘below the termination current threshold, charging

will stop.
Binary_~_\term (A) Binary  Iterm (A)
0000 Reserved 1000 0.250

74 ITERM 1001 RIW 10001 ,Reserved 1001  0.300
0010 Reserved 1010 0.350
0011 0.100 1011 0.400
0100 0.125 1100 0.450
0101 0.150 1101 0.500
0110 0.175 1110 0.550
0111 0.200 1111 0.600

Sets the typical battery charging current, Ipp, during Pre iCharge Mode.
Programmable from 200 mA to 800 mA. Default is 450 mA.

Binary  Ipp (A) Binary  Ipp (A)
0000 Reserved 1000 0.450
0001 Reserved 1001 0.500
3:0 PRECHG 1000 R/w | 0010 Reserved 1010 0.550
0011 0.200 1011 0.600
0100 0.250 1100 0.650
0101 0.300 1101 0.700
0110 0.350 1110 0.750
0111 0.400 111 0.800
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Table 24. 12C REGISTER DESCRIPTIONS (continued)
This table defines the operation of each register bit for all IC versions. Default values are with VBAT = 3.8 V and VBUS = VIN = open.

IBUS Register Address: 14h Default Value = 0001 0000
Bit Name Value Type Description
7 Reserved 0 R

This sets the maximum input current limit, Igysy v, from the VBUS input.
Programmable from 100 mA to 3.00 A in 25 mA steps. Default is 500 mA.
There are 3 FET segmentation ranges: 00h (100 mA) to 08h (300 mA), 09h (325 mA) to
23h (975 mA), and 24h (1000 mA) to 7Fh (3000 mA). Refer to the Electrical Specifications
table for the associated Rps(on) values.
Hex lgusLim (A) [ Hex iBusLIM (A) | Hex IgusLim (A) | Hex lgusLIm (A)
00 0.100 1D 0.825 3A 1.550 57 2.275
01 0.125 1E 0.850 3B 1.575 58 2.300
02 0.150 1F 0.875 3C 1.600 59 2.325
03 0.175 20 0.900 3D 1.625 5A 2.350
04 0.200 21 0.925 3E 1.650 5B 2.375
05 0.225 22 0.950 3F 1.675 5C 2:400
06 0.250 23 0.975 40 1.700 5D 2.425
07 0.275 24 1.000 41 1.725 5E 2.450
08 0.300 25 1.025 42 1.750 5F 2.475
09 0.325 26 1.050 43 1.775 60 2.500
0A 0.350 27 1.075 44 1.800. 61 2.525

6:0 IBUSLIM 0010000 R/W 0B 0.375 28 17100 45 1.825 62 2.550
oc 0.400 29 1.125 46 1.850 64 2.600
oD 0.425 2A 1.150 47 1.875 65 2.625
OE 0.450 2B 1.175 48 1.900 66 2.650
OF 0.475 2C 1.200 49 1.925 67 2.675
10 0.500 2D 1.225 4A 1.950 68 2.700
1 0.525 2E 1.250 4B 1.975 69 2.725
12 0550 2F 1275 4 2:000 6A 2.750
13 0.575 30 1:300 4D 2.025 6B 2.775
14 0:600 31 1:325 41E 2.050 6C 2.800
15 0.625 32 1.350 AF 2.075 6D 2.825
16 0.650 33 1.375 50 2.100 6E 2.850
17 0.675 34 1.400 51 2.125 6F 2.875
18 0.700, 35 1.425 52 2.150 70 2.900
19 0.725 36 1450 53 2.175 71 2.925
1A 0.750 37 11475 54 2.200 72 2.950
1B 0.775 38 1.500 55 2.225 73 2.975
1C 0.800. 39 1.525 56 2.250 74 3.000

Bits 75h 1 7Fh =3.000 A
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Table 24. 12C REGISTER DESCRIPTIONS (continued)
This table defines the operation of each register bit for all IC versions. Default values are with VBAT = 3.8 V and VBUS = VIN = open.

VBUS Register Address: 15h Default Value = 0010 0100

Bit Name Value Type Description

7:6 Reserved 00 R
This sets the Vgys ovp threshold.
Binary  Vgus_ovp (V)

. 00 6.5

5:4 VBUSOVP 10 R/W o1 105
10 13.7
11 Reserved
This sets the Vgys voltage, Vgysym, which the Dynamic Input Voltage Control loop will
regulate to in a charging scenario where a current ilimited weak adapter is connected to
VBUS.
Binary  Vgysuim (V)
0000 4.240
0001 4.320
0010 4.400
0011 4.480
0100 4.560

. 0101 4.640

3.0 VBUSLIM 0100 R/W 0110 4720
0111 4.800
1000 7.632
1001 7.776
1010 7.920
1011 8.064
1100 8.208
1101 8.352
1110 81496
1111 8.640
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Table 24. 12C REGISTER DESCRIPTIONS (continued)
This table defines the operation of each register bit for all IC versions. Default values are with VBAT = 3.8 V and VBUS = VIN = open.

IIN Register Address: 16h Default Value = 0001 1011
Bit Name Value Type Description
7 Reserved 0 R

This sets the maximum input current limit from the VIN input.
Programmable from 325 mA to 2 A in 25 mA steps. Defaultis 1 A.
Hex Iiniv (A) Hex IinLim (A) Hex IinLim (A)
00 0.325 1D 1.050 3A 1.775
01 0.350 1E 1.075 3B 1.800
02 0.375 1F 1.100 3C 1.825
03 0.400 20 1.125 3D 1.850
04 0.425 21 1.150 3E 1.875
05 0.450 22 1.175 3F 1.900
06 0.475 23 1.200 40 1.925
07 0.500 24 1.225 41 1.950
08 0.525 25 1.250 42 1.975
09 0.550 26 1.275 43 2.000
0A 0.575 27 1.300
0B 0.600 28 1.325

6:0 IINLIM 0011011 R/W | 0C 0.625 29 1.350
oD 0.650 2A 1.375
OE 0.675 2B 1.400
OF 0.700 2C 1.425
10 0.725 2D 1.450
11 0.750 2E 1475
12 0.775 2F 1.500
13 0.800 30 1.525
14 0.825 31 1.550
15 0.850 32 1.575
16 0.875 33 1.600
17 0.900 34 1.625
18 0925 35 1.650
19 0.950 36 1:675
1A 0.975 37 1700
1B 1.000 38 1.725
1Cc 1.025 39 1750

Bits 44h ~ih7Fh = 2.000 A
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Table 24. 12C REGISTER DESCRIPTIONS (continued)
This table defines the operation of each register bit for all IC versions. Default values are with VBAT = 3.8 V and VBUS = VIN = open.

VIN Register Address: 17h Default Value = 0001 0100

Bit Name Value Type Description

7:6 Reserved 00 R

This sets the Viy_ovp threshold.

Binary  ViN_ove (V)
6.5

5:4 VINOVP 01 R/w | 00
01 10.5
10 13.7
11 Reserved

This sets the V| voltage, Viyiim, which the Dynamic Input Voltage Control loop will regu-
late to in a charging scenario where a current ilimited weak adapter is connected to VIN.

Binary  VinLiv (V)

0000 4.240
0001 4.320
0010 4.400
0011 4.480
0100 4.560
0101 4.640

3:.0 VINLIM 0100 R/W | 0110 4.720
0111 4.800
1000 7.632
1001 7.776
1010 7.920
1011 8.064
1100 8.208
1101 8.352
1110 8.496
1111 8.640

NTC Register Address:.18h | Default Value = 0000 1111

Bit Name Value Type Description

7:6 Reserved 00 R
This centrols whether'the . NTE circuit affects the charge current. Temperature mea-
surements will'continue to'be updated every 1 second in the NTC1 i 4 monitor bits.

5 TEMPDIS 0 RIW Binary, “NTC Operation
0 NTC measurement affects charge parameters
1 NTC measurement does not affect charge parameters

4 NTCOK (0] R “0"GENTC is either shorted to ground, open or shorted to REF.

3 NTC4 1 R A*1" indicates that NTC is above the T4 threshold. (Note 14)

2 NTC3 1 R A “1” indicates that NTC is above the T3 threshold. (Note 14)

1 NTC2 1 R A “1” indicates that NTC is above the T2 threshold. (Note 14)

0 NTC1 1 R A “1” indicates that NTC is above the T1 threshold. (Note 14)
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Table 24. 12C REGISTER DESCRIPTIONS (continued)
This table defines the operation of each register bit for all IC versions. Default values are with VBAT = 3.8 V and VBUS = VIN = open.

TIMER Register Address: 19h Default Value = 0001 1011
Bit Name Value Type Description
Writing a “1” resets the Watch Dog Timer; writing a “0” has no effect.
7 TMRRST 0 W Reading this bit always returns “0".
6 WDEN 0 R/W | Writing a “1” enables the Watchdog timer (typ) and disables the Safety timer.
5 Reserved 0 R
These bits set the Pre iCharge safety timer.
SETTMRO (REG 1Fh[0] must be set to “1” immediately after the Pre iCharge timer value
is changed to restart the timer in the programmed configuration.
4:3 PRETMR 11 R/W | Binary  PreiCharge Safety Timer
00 Follows FCTMR (REG 19h[2:0]) programming
01 100 seconds
10 15 minutes
11 36 minutes
This sets the Fast Charge safety timer.
Binary  Fast Charge Safety Timer (Hours)
000 Never Expires
001 4
2:0 FCTMR 011 R/w | 010 6
011 8
100 10
101 12
110 14
111 16
SAFETY Register Address: 1Ah Default Value = 1111 1111
Bit Name Value Type Description
These bits set the maximum programmablé FLOAT (REG 11h[7:0]) value.
Binary Veroar.Max. (Hex) VL oaT Max. (V)
0000 00 330
0001 0A 3.40
0010 14 3.50
0011 1E 3.60
0100 28 3.70
0102 32 3.80
7:4 VSARE 1111 R/W . (010~ _3C 3.90
0111 46 4.00
1000 50 4.10
1001 5A 4.20
1010 64 4.30
1011 6E 4.40
1100 78 4.50
1101 82 4.60
1110 8C 4.70
1111 8E i FF 4.72
These bits set the maximum programmable IOCHRG (REG 12h[5:0]) value.
Binary locHrg Max. (Hex) locHrg Max. (A)
0000 00 0.20
0001 04 0.40
0010 08 0.60
0011 oc 0.80
0100 10 1.00
0101 14 1.20
3:0 ISAFE 1111 Rw | 0110 18 1.40
0111 1C 1.60
1000 20 1.80
1001 24 2.00
1010 28 2.20
1011 2C 2.40
1100 30 2.60
1101 34 2.80
1110 38 3.00
1111 3C 3.20
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Table 24. 12C REGISTER DESCRIPTIONS (continued)
This table defines the operation of each register bit for all IC versions. Default values are with VBAT = 3.8 V and VBUS = VIN = open.

TOPOFF Register Address: 1Bh Default Value = 0000 0011
Bit Name Value Type Description
74 Reserved 0000 R
3 TO_BDETDIS 0 R/W | Setting this bit “1” disables the periodic battery check during top ioff charging.
This sets the Top 10ff charge timer.
Binary  Top Off Timer (min.)
000 Never Expires
001 10
2:0 TOTMR 011 R/w | 010 20
011 30
100 40
101 50
110 60
111 70
BOOST Register Address: 1Ch Default Value = 0001,0010
Bit Name Value Type Description
7 Reserved 0 R
Connects PMID to VBUS when the boost is enabled (BOOSTEN = “1”).
6 oTG 0 RIW This will reset when BOOSTEN =\"0".
This programs the operation of the switch imade converter,to charge.or boost mode. If a
fault occurs during boost mode the BOOSTEN bit and-sthe*OTG bit will reset.
5 BOOSTEN 0 R/W ]
BOOSTEN Switch iMode Converter
0 Charge Mode
1 BoostMode
4 Reserved 1 R
This sets:the-boost.converter output voltage, VgoosT
Programmable from,4.947 V10 5.347 V in 26.67 mV steps. Default is 5.00 V.
Binary ( VeoosmA(V)
0000 4.947
0001 4973
0010 5.000
001% 5.027
0100 5.053
. 0101 5.080
3:.0 VBOOST 0010 R/W. 0110 5107
0111 5.133
1000 5.160
1001 5.187
1010 5.213
1011 5.240
1100 5.267
1101 5.293
1110 5.320
1111 5.347
DPLUS Register Address: 1Fh Default Value = 0000 0000
Bit Name Value Type Description
7 FORCEDET 0 R/W | Setting this bit to “1” forces a BC1.2 detection on D+ and D 1.
6:1 Reserved 000000 R
While operating on the Safety Timer a “1” restarts the timer. During Pre iCharge,
0 SETTMRO 0 W SETTMRO must be set to “1” immediately after the Pre iCharge timer (PRETMR (REG
19h [4:3]) value is changed in order to restart the timer in the programmed configuration.
Reading this bit always returns “0”.
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Table 24. 12C REGISTER DESCRIPTIONS (continued)
This table defines the operation of each register bit for all IC versions. Default values are with VBAT = 3.8 V and VBUS = VIN = open.

MONITOR 0 Register Address: 20h Default Value = 1000 0110
Bit Name Value Type Description
7 ITERMCMP 1 R ITErMm COmparator output: “1” when Igat > ITERM reference or VBUS/ VIN not present.
6 VBATCMP 0 R Output of VBAT comparator: “1” when Vgat > VBATMIN.

Output of VLOWYV comparator. In Fast Charge mode, a “1” indicates when Vgar > Vi owv-
5 VLOWVCMP 0 R In Pre iCharge mode, a “1” indicates when Vgys > Vgarmin- In Boost mode, a “1” indi-
cates when Vgar > VBATLYV threshold.

A “1” indicates that Vgat > VsnorT in any charge mode or HZ. In Boost mode, a “1” indi-

4 BATSHORT 0 R cates that Vgyg > UVLOgsT.
3 HIVBAT 0 R A “1” indicates that Vgar t VELoaT When charge termination, TE bit is set to “0”.
2 IBUS# 1 R A “0” indicates the Igyg or Iy loop is controlling the battery charge current.
1 ICHG# 1 R A “0” indicates the IocHrg loop is controlling the battery charge current.
0 cv 0 R A “1” indicates the constant ivoltage (CV) loopris controlling the charger-and all current
loops have released.
MONITOR 1 Register Address: 21h Default Value = 1010 0XXX
Bit Name Value Type Description
7 Reserved 1 R
6 PMIDVBAT 0 R A “1” indicates that Vpymip > VeaT:
5 PPON 1 R A “1" if charging and Vgat > VsqorT.or if the /€ is'in Standby or HZ.
4 BUCKON 0 R A “1” indicates the buck converter is on:

A “1" indicates that either Vgyg 0r\Vy has fisen-above Vsourcerisg) and is currently
3 ISRCCMP 0 R above VSOURCE(RlSE)-
A “0*indicates that both'Vgys andVjy are below VSOURCE(FALL)-

2 NTCGND X R A “1” indicates that'the NTCpinwas tied to ground at Vgys_POR.
1 DISPIN X R A.“1” indicates that the|DIS_ pin has been externally driven HIGH.
0 ILIMPIN X R A “L¥indicates that the ILIM pin has been externally driven HIGH.
IC_INFO Register Address: 2Dh Default Value = 10XX XXXX
Bit Name Value Type Description
7:6 Vendor Code 10 R Identifies ON Semiconductor as the IC supplier.
5:3 PN XXX R Part numbers bits, see the Ordering Info in Table 2.
2:0 REV XXX R IC Revision
FEATURE CONTROL Register Address: 30h Default Value = 0010 0000
Bit Name Value Type Description

A “1” will reset all registers except SAFETY and put the charger IC into IDLE State when

’ WDTEXP 0 RIW the Watch Dog Timer (WDT) expires.

6 Reserved 0 R

5 DIVCON 1 R/W | A “0" disables Dynamic Input Voltage Control (DIVC).

4 DISREF 0 R/W | A“1” will disable the REF output and NTC functionality. JEITA not enforced.
3 Reserved 0 R

2 Reserved 0 R

1 Reserved 0 R

0 Reserved 0 R

14.Without power from VBUS or VIN, the reference will not be powered and the NTC pin will be at ground. See applications section for more
detail.
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