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MAX77301

JEITA-Compliant, Li+ Charger with Smart Power
Selector, Automatic Detection, and USB Enumeration

General Description

Benefits and Features

The MAX77301 is a JEITA-compliant® lithium-ion linear
battery charger that operates from a USB port, a dedi-
cated charger, or universal adapter. The IC provides
automatic adapter-type detection and enumeration with
a USB host or hub. The IC integrates independent bat-
tery charge switch, current sense circuit, MOSFET pass
elements, thermal regulation circuitry, and eliminates the
external reverse-blocking Schottky diode to create the
simplest and smallest USB-compliant charging solution.

The IC includes automated detection of charge adapter
type, making it possible to distinguish USB 2.0 device,
USB charger, dedicated charger devices as well as
standard input adapters. See Table 2. When enumeration
is enabled, the IC automatically negotiates with a USB
host, making it possible to achieve the highest-charging
current available from a USB 2.0 device or USB charger
without processor intervention. The adapter type detec-
tion is compliant with USB 2.0 as well as battery charging
Specification Revision 1.1.

The IC controls the charging sequence for single-cell
Li+ batteries from battery detection, prequalification,
fast charge, top-off, and charge termination. Charging is
controlled using constant current, constant voltage and
constant die-temperature (CCCVCT]j) regulation for safe
operation under all conditions. The IC is also compliant
with JEITA battery charging requirements.

The Smart Power Selector feature makes the best use
of limited USB or adapter power. Battery charge current
is set independent of the input current limit. Power not
used by the system charges the battery. The battery
assists the input source when needed. System voltage
is maintained by allowing the application to operate with-
out a battery, a discharged battery, or a dead battery.
Automatic input selection switches the system from bat-
tery to external power.

The 12C interface provides full programmability of battery
charge characteristics, input current limit, and protec-
tion features. This provides flexibility for use with a wide
range of adapter and battery sizes.

Other features include undervoltage lockout (UVLO),
overvoltage protection (OVP), charge status flag, charge
fault flag, input power-OK monitor, battery detection,
JEITA-compliant charging, charge timer, 3.3V/10mA aux-
iliary output, and an external power-on switch.

<*

Enables Charging from a USB Port
Automatic Detection of Adapter Type

4 Input Current Up to 1500mA and Charging Current
Up to 900mA

Enumeration Without Processor Intervention
Supports USB Low-Speed and Full-Speed

4 Compliant with USB 2.0 Specification and Battery
Charging Specification (Revision 1.1)

4 Compliant with Next Generation Low-Voltage
Li-lon Battery Profiles

4 Input Overvoltage Protection Up to 16V

4 Smart Power Selector™ Allows Power Path
Operation with Discharged or No Battery

¢ Battery Detection Including Packs with Open
Protectors

Thermal Regulation Prevents Overheating

4 LED Indicator for Charge Done, Precharge, and
Time/Temperature Error

Serial (400kHz) I12C-Compatible Interface
6pA (typ) Shutdown Current
4 2.44mm x 2.44mm, 25-Bump WLP Package

<>
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<>
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Applications

Bluetooth Headsets, PDAs, and MP3 Players
Other Portable Devices

Simplified Operating Circuit
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Ordering Information appears at end of data sheet.

Smart Power Selector is a trademark of Maxim Integrated
Products, Inc.

*U.S. Patent # 6,507,172.

For related parts and recommended products to use with this part, refer to www.maximintegrated.com/MAX77301.related.

For pricing, delivery, and ordering information, please contact Maxim Direct

at 1-888-629-4642, or visit Maxim’s website at www.maximintegrated.com.

19-6556; Rev 0, 1/13



MAX77301

JEITA-Compliant, Li+ Charger with Smart Power
Selector, Automatic Detection, and USB Enumeration

TABLE OF CONTENTS

General DeSCriptON . . . . oo 1
Benefits and Features . . ... .. 1
APPICAlIONS .« . . 1
Simplified Operating CirCUIt . . . .. ... 1
Absolute Maximum Ratings . . . ... . 6
Package Thermal CharaCteristiCs. . . ... ... 6
Electrical CharaCteristiCs . . . . .. 6
Typical Operating CharacteristiCs . . ... ... . 14
Bump Configuration . . . ..o 20
BUMP DESCriptiON. . 20
Detailed DesCription . . . . .. 24
Data Contact DeteCtion. . . ... o o 24
Power-On Reset . .. 24
Interrupt Request (IRQ). . . . .« o oo 24
USB Interface . . ... 24
D4 and D- o 27
LOW/FUll Speed. . . 27
Adapter DeteCtion . . . .. 27
Low-Power MOode . ... 27
USB SUSPENG . . . oo 27
Keyboard Test Mode. . . . ... 30
Wake-Up and USB ResUME . . . ... o 30
USB Enumeration . .. ... 30
Smart POWEr SEIECIOr . . . .. 34
System Load SWIlCh . . . .o 34
INPUL LMt er. o 35
Setting Input Current Limit . . ..o 35
Minimum Vgyg Threshold. . . ..o 35

INput Current Limit . .. 35
Power Monitor Output (UOK) . . . .. oo oo 36
SOt At . o 36

Maxim Integrated 2



MAX77301

JEITA-Compliant, Li+ Charger with Smart Power
Selector, Automatic Detection, and USB Enumeration

TABLE OF CONTENTS (continued)

Battery Charger. . . .. 37
Charge Enable . . ..o 39
Charge Termination (EOC) . . . . ... 39
CHG Y PE. 39
IBUS _DEF . . 39
Charge Status (CHGSTAT) . . ..o 39

Battery DeteCtioNn. . ... 40
Automatic Detection Mode. . . . ... 41
NTC Detection MOde . . . . ..o 41

Thermistor INput (THM) . . . oo 41

Thermal Overload ProteCtion. . . . .. ... 42

External Clock (Full Speed Only) . .. 42

USB Low-Speed Operation. . . . ... 42
External Crystal or Ceramic ResSONator . . . ... ... 42
External CloCK . .. 42
Clock TIMING ACCUIACY . . o v vttt e e e e e 43
External Power-On Signal . . ... 43

ESD ProteCtion . ... 43
ESD Test Conditions . .. ... 44
[EC B1000-4-2 . o 44

[2C Functional DesCription . ... ... 44
[2C Slave AJAreSS . . . .ot 44
12C Bit Transfer. . ... 45
START and STOP ConditionS. . . . . ..o 45
ACKNOWIEAGE . . . 46
Write Operations. . . . .o 46
Read Operations . . ... 47

Applications INformation. . . . . ... 66
Chip Information . . . .o 68
Ordering INformation . .. . . 68
Package Information. . . . ... 69
ReVisSion HiStOry . . . 70

Maxim Integrated 3



MAX77301

JEITA-Compliant, Li+ Charger with Smart Power
Selector, Automatic Detection, and USB Enumeration

LIST OF FIGURES

Figure 1. Block Diagram and Typical Application CirCuit. . ... ... ... . e 23
Figure 2. Power-On Reset State Diagram . ... ... 25
Figure 3a. Adapter Detection Flow Chart. . .. ... 28
Figure 3b. Adapter Detection Flow Chart. . ... ... .. 29
Figure 4. Enumeration Flow Chart . . ... 30
Figure 5. USB BUS Traffic: Low-Speed Enumeration ... ... ... ... . . . . . . . 32
Figure 6. USB BUS Traffic: Full-Speed Enumeration . ... ... .. 33
Figure 7. Smart Power Selector Block Diagram . . ... ... . 34
Figure 8. Input Current Limit Settings. . . . . ... 35
Figure 9. SYS Regulation . . . ... 36
Figure 10. Charge Profile . . . .. 37
Figure 11. Charger State Diagram . . . .. ... 38
Figure 12. Battery Detection State Diagram. . . .. ... 40
Figure 13. Battery Present Flow Chart . . .. ... ... 40
Figure 14. JEITA Battery Safety Regions . . .. .. 41
Figure 15. EXT_PWRON State Diagram. . . ... ... 43
Figure 16. Human Body ESD Test MOdEIS. . . . . .. 44
Figure 17. Human Body Model Current Waveform. . . ... ... .. 44
Figure 18. IEC61000-4-2 ESD Test Model. . . .. ... .. 44
Figure 19. 12C Interface Timing Diagram . . . .. ... oo 45
Figure 20. 12C Bit Transfer . .. ... .o 45
Figure 21. 12C START and STOP CoNAItioNS . . . .. o oot 45
Figure 22. 12C ACKNOWIBATE . . . .. oottt e 46
Figure 23. 12C Write OPerationS. . . ... .o\t 46
Figure 24. 12C Read Operations. . . . ... oottt et et 47
Figure 25. Recommended PCB Layout for Full Speed . . . ... ... .. . 66
Figure 26. Recommended PCB Layout for Low Speed. . . ... ... . 67

Maxim Integrated 4



MAX77301

JEITA-Compliant, Li+ Charger with Smart Power
Selector, Automatic Detection, and USB Enumeration

LIST OF TABLES

Table 1. Status Registers . . . ... 26
Table 2. Adapter TYPE . ..o 27
Table 3. DeviCe DeSCIPIOr. . . . 34
Table 4. Vgyg Valid Input Range (RiSiNg) . . . . . oo 36
Table 5. UOK SHateS. . . ..ottt e e e e 36
Table 6. CHG _TYPE. . . . . 39
Table 7. IBUS _DEF . . . .. 39
Table 8. CHG_STAT OUIPUL . . . . oo 39
Table 9. 12C Register Map . . ... ... 48
Table 10. CHIP_ID (Register OX00). . . . ..ot 49
Table 11. CHIP_REV (Register OX01) . . . . .. 49
Table 12. STATUS_A (Register OX02). . . . . oo 50
Table 13. STATUS_B (Register OX03). . . . .o oot 51
Table 14. STATUS_C (Register OX04). . . . .. .o 52
Table 15. EVENT_A (Register OX05). . . . . .. oo 53
Table 16. EVENT_B (Register OX0B8). . . . . ..o 53
Table 17. IRQ_MASK_A (Register OX07) . . . .. oo 54
Table 18. IRQ_MASK_B (Register OX08) . . . . .. .ot 55
Table 19. USB_CNTL (Register OX09) . . . .o oo e 56
Table 20. BAT_CNTL (Register OX10). . . . ..o 57
Table 21. IBUS_CNTL (Register OX0A) . . .. o oo 58
Table 22. CHARGER_CNTL_A (Register OX0B) . . . ... o 59
Table 23. CHARGER_CNTL_B (Register OXOC) . . . . ... o 60
Table 24. CHARGER_TMR (Register OX0D). . . . .. ..o 61
Table 25. CHARGER_VSET (Register OX0E) . . . ... .. 62
Table 26. CHARGER_JEITA (Register OXOF) . . . .. ..o e 63
Table 27. PRODUCT_ID_A (Register OX11) . . ... o 64
Table 28. PRODUCT_ID_B (Register OX12) . . . . ..o e 64
Table 29. VENDORL_ID_A (Register OX13) . . . ..o oo 65
Table 30. VENDORL_ID_B (Register OX14) . . . .. .o 65

Maxim Integrated 5



MAX77301

JEITA-Compliant, Li+ Charger with Smart Power
Selector, Automatic Detection, and USB Enumeration

ABSOLUTE MAXIMUM RATINGS

BUS_t0O AGND ....oooiiiiiiiiiiice -0.3V to +16.0V Igus and Isyg Continuous Current (Note 1) ........... 2200mARMS
INT_3V3 10 AGND ....ccooviiiiiiiiiii, SETTTSTPPINY -0.3V to +6V IgaT Continuous Current (Note 1) ... 1800mARMS
CHG_TYPE, IBUS_DEF, ENU_EN_HW, IRQ, Continuous Power Dissipation (Ta = +70°C)

D+, D-, UOK, CHG_STAT, BAT_, SYS_, WLP (derate 19.2mW/°C above +70°C)................... 1538mW

CEN, STDB_EN_HW to AGND ............cceven -0.3V to +6.0V Operating Temperature.............cccccoeeveeiieenn. -40°C to +85°C
XIN, THM, XOUT, to AGND............... -0.3V to (V|NT_3v3 + 0.3V) Junction Temperature .........ccccoocevviiiiiiii +150°C
EXT_PWRON, SDA, SCL to AGND ......... -0.3V to (Vgys + 0.3V) Storage Temperature Range.............ccccooeeie -65°C to +150°C
DGND t0 AGND ..o -0.3V to +0.3V Soldering Temperature (reflow) ........ccccooviiiiiiiiiis +260°C

Note 1: Igys = Igus_a + IBus_B; Isys = Isys_a + Isys_g; IBAT = IBAT_A + IBAT_B

Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only, and functional opera-
tion of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to absolute
maximum rating conditions for extended periods may affect device reliability.

PACKAGE THERMAL CHARACTERISTICS (Note 2)
WLP
Junction-to-Ambient Thermal Resistance (0a) -......... 52°C/W

Note 2: Package thermal resistances were obtained using the method described in JEDEC specification JESD51-7, using a four-layer
board. For detailed information on package thermal considerations, refer to www.maximintegrated.com/thermal-tutorial.

ELECTRICAL CHARACTERISTICS
(THM = AGND, CEN = INT_3V3, VgaT = 4.2V, Vgys_, EXT_PWRON, UOK, TRQ, CHG_TYPE, and CHG_STAT are unconnected, Ta =
-40°C to +85°C, unless otherwise noted. Typical values are at Ta = +25°C.) (Note 2)

PARAMETER | SYMBOL | CONDITIONS | MIN TYP MAX | UNITS
USB-TO-SYS PREREGULATOR
. Initial Vgyg voltage before enabling
USB Operating Range VBUS charger 4.0 6.6 \
USB Standoff Voltage VBaT = Vgys = 0V, Igyg < 800pA 14 V
. Time from BUS within valid range until
USB_OK Debounce Timer tusB_DB UOK goes high impedance 30 50 ms
UOK logic-low, Before initial
Vgus rising, detection of external 3.85 4.0 415
100mV hysteresis | device
UOK logic-low, For > 500mA adapter
USB Undervoltage Lockout Vgus falling, and except for ILIM 3.40 3.55 3.70 y
Threshold customer UVLO [2:0] = 000, 111
UOK Iogi.c-low, USB 2.0 low-power 375 39 405
Vgus falling device
UOK logic-low, USB 2.0 high-power 305 4.1 4.05
Vgus falling device
USB Overvoltage Protection UOK logic-low, Vgys rising, 100mV
. 6.7 6.9 7.1 \Y
Threshold hysteresis

Maxim Integrated 6
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ELECTRICAL CHARACTERISTICS (continued)
(THM = AGND, CEN = INT_3V3, Vgart = 4.2V, Vgys_, EXT_PWRON, UOK, TRQ, CHG_TYPE, and CHG_STAT are unconnected, Tp =

-40°C to +85°C, unless otherwise noted. Typical values are at Ta = +25°C.) (Note 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
IbETECT Charge type detection, 05
Isys = IaT = OMA
IENUMERATE USB 2.0 enumeration in progress, 100
Isys = IBaT = OMA
Suspended mode, | =1 = 0mA,
EJNSoEt’elg gez)Squly curent 'SUSPEND VSTEB_EN_HW = OVSYS . 05 mA
Ta =0°C to +85°C 100
IUSB 100mA USB 2.0 low-power
- device detected | T, = -40°C to +85°C 102.5
lUSB_500mA USB 2.0 high-power device detected 500
Isus During suspend 0
[ENU During USB enumeration, Tp = +25°C 80 90 98
IUSE LP LTJASE i.gslgc\/:v—power device detected, 80 %9 %8
lUsB_HP USB 2.0 high-power device detected 460 475 490
ILIM = 000, Tp = +25°C 80 90 98
USB Input Current Limit ILIM = 001 (default) 460 475 490 mA
ILIM =010 600
ILIM = 011 700
'um ILIM = 100 900
ILIM = 101 1000
ILIM = 110, Tp = +25°C (Note 3) 1344 1500 1650
ILIM = 110, Ta = -40°C to +85°C 1324 1500 1700
\(/)‘ffgégs\t/asrfgé VgUs = 5V, Isys = 400mA 200 320 | ma
v v Rever When SYS is in rlegulation andlcharging v oy Y i
Riéiigiiof AT ORI f};os?;evs?gs— falling, SOmV typical gomv  5omv  ZomV
Input Limiter Soft-Start Time Input current ramp time 50 100 us
THERM_REG = 00 90
Thermal-Limit Start THERM _REG = 01 100 R
Temperature TDIE_LIM THERM _REG = 10 110 ¢
THERM _REG = 11 120
Thermal-Limit Triggers TRQ Toig_Lim + 10°C °C
Thermal-Limit Gain Isys reduction/die temperature 5 %/°C
SYS Regulation Voltage VAT > 3.45V, Igyg = TmA to 1.6A 14\?;\; 51\?;\; v
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JEITA-Compliant, Li+ Charger with Smart Power
Selector, Automatic Detection, and USB Enumeration

ELECTRICAL CHARACTERISTICS (continued)
(THM = AGND, CEN = INT_3V3, Vgart = 4.2V, Vgys_, EXT_PWRON, UOK, TRQ, CHG_TYPE, and CHG_STAT are unconnected, Tp =

-40°C to +85°C, unless otherwise noted. Typical values are at Ta = +25°C.) (Note 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
V_SYS =00 3.4
;@E 4.2 435 4524
Minimum SYS Regulation Vavs uiN ?;?(gi??:}& . V_SYS =01 Ta = v
Voltage — 16A -40°C to 4.185 4.35 4.524
+85°C
V_SYS =10 4.4
V_SYS = 11 4.5
Vgys = 5.5V rising 3.0
Undervoltage Lockout Vsys uvLO = - \Y
- VBus_ = 5.5V falling 2.6 2.85 3.1
CHARGER
BAT-to-SYS On-Resistance VAT = 4.2V, Igyg = 200mA 55 80 mQ
VBAT_UVLO F | VBaTfaling | BAT_UVLO_VPREQ = 1 2.15 2.40 2.65
BAT Undervoltage Lockout | VBAT_UVLO_R | VBAT rising (Register 0x10N) 2.45 2.70 2.95 v
(Register Ox10h, Bit7=0) | Vgar uvio_F | VBaT falling | BAT_UVLO_VPREQ = 0 160 185 210
VBAT UVLO_R VBAT rising (default, Register 0x10h) 1.85 2.10 2.35
Charger Soft-Start Time 1 ms
Vgys not connected 2 6
BAT Leakage Current VBaT =4.2V | Vgys connected, 5 i5 pA
Veen = 0V
PRECHARGE MODE
BAT Precharge Current lPcHG VgaT > 1.4V (Note 5) 50* mA
VBAT_PcHG_F | VBaTfalling | BAT_UVLO_VPREQ = 1 260 270 2.80
BAT Prequalification VBAT PcHG_R | VaaTrising | (Register 0x10h) 270 280 295 v
Threshold VBaT PcHG_F | VBaT faling | BAT_UVLO_VPREQ = 0 205 215 225
VBAT PCHG.R | VBAT rising (default, Register 0x10h) 215 205 2.40
FAST-CHARGE MODE
lFcHG = 000 100
lFcHg = 010 (default) 200
lFcHG = 001 300
BAT Charge-Current Set IFcHG = 110 370
Range IFera lFchg = 111 450 mA
lFcHg = 011 600
lFcHg = 100 800
lFcHG = 101 900
Maxim Integrated 8
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JEITA-Compliant, Li+ Charger with Smart Power
Selector, Automatic Detection, and USB Enumeration

ELECTRICAL CHARACTERISTICS (continued)
(THM = AGND, CEN = INT_3V3, VgaT = 4.2V, Vgys_, EXT_PWRON, UOK, TRQ, CHG_TYPE, and CHG_STAT are unconnected, Ta =
-40°C to +85°C, unless otherwise noted. Typical values are at Ta = +25°C.) (Note 2)

PARAMETER SYMBOL CONDITIONS MIN TYP  MAX | UNITS
. BAT_FCHG = 00 3.8
VBAT rising
threshold, where BAT_FCHG = 01 3.9
VBAT FCHG_R |charging current | BAT_FCHG = 10 v
IFcHG is reduced | (default) 3.88 4 412
o lrcHe BAT_FCHG = 11 41
. BAT_FCHG_HYS
BAT Fast-Charge Threshold VBAT hystere3|s, =00 150
the falling threshold
where charging BAT_FCHG_HYS = 200
v current is increased | 01 default y
BATFCHGHYS |10 Ipcpg s: BAT_FCHG_HYS -
VBAT_FCHG_HYS =10
S JBATFCHG.R™  [BAT FCHG HYS
BAT_FCHG_F oy 300
TOP-OFF CHARGE MODE
TCHG = 00 0.4x
IFcHG
y oy TCHG = 01 IO'B X
Top-Off Charge Current ITcHG BAT > - FeHG mA
(Note 5) 0.8 x
TCHG = 10
IFcHG
TCHG = 11 (default) 10x
IFcHG
CHG_DONE = 000 10
CHG_DONE = 001 20
CHG_DONE = 010 30 40 50
Charge DONE Qualification CHG_DONE = 011 37.5 50 62.5
Note 3 lcHG_DONE - mA
(Note 3) CHG_DONE = 100 (default) 45 60 75
CHG_DONE = 101 80
CHG_DONE = 110 100
CHG_DONE = 111 120
BAT_REG = 00 4.05
BAT_REG = 01 4.10
BAT_REG = 10 415
BAT Regulation Voltage VBAT_REG | IBAT_=0mA T/;S: c | 4179 4200 4221 v
+ o
BAT_REG =
11 (defaulty | TA=
0°C to 4158 4200 4.242
+85°C
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JEITA-Compliant, Li+ Charger with Smart Power
Selector, Automatic Detection, and USB Enumeration

ELECTRICAL CHARACTERISTICS (continued)
(THM = AGND, CEN = INT_3V3, VgaT = 4.2V, Vgys_, EXT_PWRON, UOK, TRQ, CHG_TYPE, and CHG_STAT are unconnected, Ta =
-40°C to +85°C, unless otherwise noted. Typical values are at Ta = +25°C.) (Note 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
BAT_RECHG = 00
(default) -350
BAT Recharge Threshold VBAT RECHG Y/V'th respecto | BAT_RECHG = 10 -300 mv
BAT_REG BAT_RECHG = 01 250
BAT_RECHG = 11 -200
CHARGE TIMER
From start of PCHG_TMR = 00 30
precharge until end | PCHG_TMR = 01 60
Prequalification Timer tPCHG of prequalification PCHG_TMR = 10 Minutes
charge model (default) 120
(Figure 10) PCHG_TMR = 11 240
FCHG_TMR = 00 75
](Frotm sta” of y FCHG_TMR = 01 150
§ ) ast charge unti .
Fast-Charge Timer tFCHG maintains charge FCHG_TMR = 10 300 Minutes
(Figure 10) FCHG_TMR = 11 600
Default
MTCHG_TMR = 10 0
(default)
Maintain-Charge Timer tMTCHG (Figure 11) MTCHG_TMR = 01 15 Minutes
MTCHG_TMR = 00 30
MTCHG_TMR = 11 60
Timer Accuracy -30 +30 %
Timer Extend Threshold E’ercentage of charge current below which 50 %
timer clock operates at half speed
Timer Suspend Threshold E’ercentage of charge current below which 20 %
timer clock pauses
INSERTION AND REMOVAL DETECTION
BAT Discharge Current IDIS 1V <VgaT<4.2V, Cgat < 10pF 0.375 1.125 mA
. . Discharge timer expires if VgaT drop >
BAT Discharge Time 'Dis VBAT_uvLO threshold, battery cap < 10uF 150 ms
Charge Debounce Timer tpB Delay before checking charge done 100 150 200 ms
Charging in prograss (precharge, fast-
Battery Detecting Current IBAT_DET charge or maintain charge); 1 3 5 mA
if IgsaT < IBAT_DET = battery absence
ADAPTER TYPE DETECTION
D- Current Sink IDM_SINK 50 100 150 HA
D+ Current source IDP_SRC 7 13 HA
Maxim Integrated 10
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JEITA-Compliant, Li+ Charger with Smart Power
Selector, Automatic Detection, and USB Enumeration

ELECTRICAL CHARACTERISTICS (continued)
(THM = AGND, CEN = INT_3V3, VgaT = 4.2V, Vgys_, EXT_PWRON, UOK, TRQ, CHG_TYPE, and CHG_STAT are unconnected, Ta =
-40°C to +85°C, unless otherwise noted. Typical values are at Ta = +25°C.) (Note 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
D- Weak Current Sink IbM_CD_PD 0.1 bA
D+ Source Voltage VDP_SRC Ipp_src = 200pA 0.5 0.6 0.7 \Y
D+ Detection Threshold VDAT_REF 0.25 0.32 0.40 Vv
D- Logic-High Threshold VDM_IH 0.8 2.0 \
D+ Logic-High Threshold VDP_IH 0.8 2.0 Vv
DP_25%
DM_ 25% 23.75 25.0 26.25
DM_34% 5 on threshold f 32.3 34 35.7
D+/D- Detection Threshold DP_47% cr?;?cg?sn;srsso?V or custom 44.65 47.00 49.4 %
DM_47% 9 ° O VBUS ' ' '
DP_60%
DM_ 60% 57 60 63
D- Pulldown Resistor Rom_DwN 14.25 24.8 kQ
D- Pullup Resistor Rpom_pu External resistor = 33Q, low speed only 1.425 1.500 1.575 kQ
D+ Pullup Resistor Rop_pu External resistor = 33Q, full speed only 1.425 1.500 1.575 kQ
D+ Charger Detection
Pullup Resistor Rpp_cp_pu Rpop_cp_pu connected to INT_3V3 200 330 600 kQ
Data Contact Detection ; 30 s
Debounce Timer DCD_DBNC
D+ Source On Time tbP_SRC_ON 100 ms
D+ Source to High-Current
Time toP_srRc_HC 40 ms
Enumeration Time Limit fENUM Tme from star.t of enumeration process 10 S
until enumeration
) . Time from suspend mode until it re-
Reenumeration Timer tRE_ENUM enumerates, RWU_EN = 1 100 ms
Reconnect Timer i Time from failed enumeration to adapter 3 S
FAULT type detection reenabled, nENU_EN =0
Detecting Time D+/D- open power source nENU_EN = 1 100 ms
Time from enumeration fail at 500mA
Enumeration Fail to ¢ until enumeration is retried at 100mA or 87 ms
Reconnect Timer ENU_FAULT time from enumeration fail at 100mA until
reconnect timer is started
XIN, XOUT PINS
Oscillator Frequency Internal oscillator (low speed), 501 6.00 6.09 MHz
Accuracy Ta =+25°C
XIN, XOUT Input .
Capacitance With external crystal (full speed) 3 pF
Maxim Integrated "
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JEITA-Compliant, Li+ Charger with Smart Power
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ELECTRICAL CHARACTERISTICS (continued)
(THM = AGND, CEN = INT_3V3, VgaT = 4.2V, Vgys_, EXT_PWRON, UOK, TRQ, CHG_TYPE, and CHG_STAT are unconnected, Ta =
-40°C to +85°C, unless otherwise noted. Typical values are at Ta = +25°C.) (Note 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
XIN Input Current With external crystal (full speed) 10 pA
XIN Logic-High Input 0.667 x v v
Voltage VINT 3v3 INT_3V3
XIN Logic-Low Input 0.4 v
Voltage
THERMISTOR MONITOR (THM)
THM Hot Threshold Ty V1M raising, 2% hysteresis 322
THM Warm Threshold T3 VTHwm raising, 2% hysteresis 46.5 % of
THM Cool Threshold To V1Hm falling, 2% hysteresis 81.9 VINT 3Vv3
THM Cold Threshold T4 Vtum falling, 2% hysteresis 88.7
THM Disable Threshold Vtum falling, 2% hysteresis 3.4
High impedance when no BUS or THM is
THM Input Impedance THMzIN disabled 500 kQ
THM = AGND Ta = +25°C -1 0.001 +1
THM Input Leakage A
P 9 THERM_EN = 0 Tp = +85°C 0.01 "
EXT_PWRON
Logic-Low Output Voltage Sinking 10mA 35 100 mV
Time where EXT_PWRON is high-
High-Impedance Time tEXT_PWR_RESET | impedance during transition between two 63 ms
EXT_PWRON low states
CHARGER STATUS (CHG_STAT)
Logic-Low Output Voltage Sinking 10mA 35 100 mV
Blink Period for
Temperature Suspend 50% duty cycle, battery present 1.5 S
Mode
Blink Period for Timeout 50% duty cycle, battery present 0.15 S
Mode
LOGIC I/O: UOK, CEN, ENU_EN_HW, CHG_TYPE, IBUS_DEF, IRQ, SDA, SCL, STDB_EN_HW
High level 1.3
Logic Input Voltage High level for SDA and SCL 14 \
Low level 0.4
i . Ta = +25°C 0.001 1
Logic Input-Leakage Vus = OV to 5.5V A UA
Current Ta = +85°C 0.01
Logic-Low Output Voltage
(CHG_TYPE, IRQ, UOK, Sinking 10mA 35 100 mV
Only)
Maxim Integrated 12



MAX77301

JEITA-Compliant, Li+ Charger with Smart Power
Selector, Automatic Detection, and USB Enumeration

ELECTRICAL CHARACTERISTICS (continued)
(THM = AGND, CEN = INT_3V3, VgaT = 4.2V, Vgys_, EXT_PWRON, UOK, TRQ, CHG_TYPE, and CHG_STAT are unconnected, Ta =
-40°C to +85°C, unless otherwise noted. Typical values are at Ta = +25°C.) (Note 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Logic-High Output-Leakage Ta = +25°C 0.001 1
Current (CHG_TYPE, TRQ, Vgys = 5.5V A
UOK, Only) Ta = +85°C 0.01
UOK Blink Period During Only for USB automatically entering 15 S
USB Suspend suspend mode, 50% duty cycle '
UOK Blink Period with
50% dut I 0.15
Open D+/D- Detected uty eyele S
I2C INTERFACE (See Figure 19) (Note 3)
Clock Frequency 400 kHz
Bus-Free Time Between ¢ 13 R
START and STOP BUF : W
Hold Time Repeated START 06 S
Condition . y
SCL Low Period tLow 1.3 ys
SCL High Period tHIGH 0.6 us
Setup Time Repeated
START Condition 'SU_STA 0-6 KS
SDA Hold Time tHD_DAT 0 us
SDA Setup Time tsu_DAT 100 ns
) Width of spikes that must be suppressed
Maximum Suppressed . )
Pulse Width by the input filter of both SDA and SCL 50 ns
signals
Setup Time for STOP
Condition 'su_sTO 0.6 HS
USB DATA INTERFACE
Differential-Receiver Input
Sensitivity V. - Vo 0.2 v
Differential-Receiver
Common-Mode Voltage 0.8 25 v
D+, D- Input Impedance 300 kQ
D+, D- Output Low Voltage VoL RLoaD = 1.5kQ from Vp_to 3.6V 0.3 v
D+, D- Output High Voltage VoH RLoaD = 15kQ from D+ and D- to AGND 2.8 3.6 v
Driver Output Impedance Excludes external resistor 2 7 11 Q
Only valid when an adapter type is
' detected as a USB 2.0 device; time BUS is
BUS Idle Time UDLE inactive until charging current is reduced 8 ms
to IsusPEND
Maxim Integrated 13



MAX77301

JEITA-Compliant, Li+ Charger with Smart Power
Selector, Automatic Detection, and USB Enumeration

ELECTRICAL CHARACTERISTICS (continued)
(THM = AGND, CEN = INT_3V3, VgaT = 4.2V, Vgys_, EXT_PWRON, UOK, TRQ, CHG_TYPE, and CHG_STAT are unconnected, Ta =
-40°C to +85°C, unless otherwise noted. Typical values are at Ta = +25°C.) (Note 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
USB Host Remote Wake-Up ¢ Time delay from suspend mode until it 100 ms
Timer RWU requests the host for a remote wake-up
) ) C = 50pF to 600pF, low speed only 75 250
D+, D- Rise Time (Note 3) tRISE ns
C = 50pF, full speed only 4 20
) C = 50pF to 600pF, low speed only 75 250
D+, D- Fall Time (Note 3) tFALL ns
C| = 50pF to 600pF, full speed only 4 20
Rise/Fall-Time Matching C = 50pF to 600pF, low speed only 80 120 o
(Note 3) C| = 50pF to 600pF, full speed only 90 110
Output-Signal Crossover _
Voltage C = 50pF to 600pF, low speed only 1.3 2.0 Vv
INT_3V3 REGULATOR
INT_3V3 Voltage | | VBus = 5V, IinT_3v3 = 0 to 10mA | 30 3.3 36 | v
ESD PROTECTION (D+, D-, BUS )
Human Body Model | | BUS bypassed with 1uF to AGND | +8 | kV

Note 2: Specifications are 100% production tested at Tp = +25°C. Limits over the operating temperature range are guaranteed by
design and characterization.

Note 3: Guaranteed by design. Limits not production tested.

Note 4: Sum of input current limit and current used for INT_3V3.

Note 5: Maximum charging current is adaptively regulated to Iy - Isys though maximum IcHg.

Typical Operating Characteristics

(Circuit of Figure 1, Ta = +25°C unless otherwise noted.)

Vgus INPUT SUPPLY CURRENT Vgus INPUT SUPPLY CURRENT Vgus INPUT SUPPLY CURRENT
vs. Vus (SUSPEND MODE) vs. Vgus (FULL SPEED) vs. Vpus (LOW SPEED)
1600 . 1600 5 1600 g
1400 2 1400 2 1400 r g
= iz iz z
21200 21200 21200
z z z
= 1000 = 1000 = 1000
S | S f S |
> 800 / > 800 / > 800 /
o o o
[ [ [
2 600 / 2 600 / 2 600 /
= = =
2 40 =1 = w =1 2 ]
L~ —] L+—" L+
200 200 200
/ STOB_EN_FW = AGND / /
0 | | | | 0 0

0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16
Vgus (V) VBus (V) Vgus (V)
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MAX77301

JEITA-Compliant, Li+ Charger with Smart Power
Selector, Automatic Detection, and USB Enumeration

Typical Operating Characteristics (continued)

(Circuit of Figure 1, Tp = +25°C unless otherwise noted.)

INPUT SUPPLY CURRENT (mA)

Vgus INPUT SUPPLY CURRENT
vs. Vpus (CHARGER ENABLED)

‘ 1600

l | |
BAT UNCONNECTED

CEN = INT_3V3 | 1400

MAX77301 toc04

(
—
N
o
S

1000

(<23 ")
S O
S S

INPUT SUPPLY CURRENT (pA)

S
=1
S

N
~
\

\

o

VBus (V)

BATTERY LEAKAGE CURRENT
vs. BATTERY VOLTAGE

Vgus INPUT SUPPLY CURRENT
vs. Vpus (CHARGER DISABLED)

I I
VeaT=4.2V

CEN=AGND

MAX77301 toc05

\\-’

25 5
20 v ]
=l
= /

é 15
oD
3 /,.__,//’
wl
2 10
z
05
BUS UNCONNECTED, SDA = SCL = AGND
CEN =INT_3V3
0 L L L
25 30 35 40 45
Vpar (V)
CHARGE CURRENT vs. BATTERY
VOLTAGE (LOW-POWER MODE)

100 2

90 5

80 E:
En
=
Z 60
&

S 50

& 40

<<

S 30
20
10
0

2.0 2.5 3.0 35 40 4

BATTERY VOLTAGE (V)

Maxim Integrated

5

25

1600
1400

(
—
N
o
S

1000

INPUT SUPPLY CURRENT (pA)
~no P D [os]

o

Vgus INPUT SUPPLY CURRENT
vs. Vpus (CHARGER DISABLED)

I I
VeaT=4.2V
CEN=INT_3V3]

MAX77301 toc06

\\S

VBus (V)

BATTERY LEAKAGE CURRENT
vs. TEMPERATURE

AX77301 toc08

2.0

yd

LEAKAGE CURRENT (uA)

VBaT=3.6V, CEN = INT_3V3
BUS UNCONNECTED

-40

-15

10 35 60 85
TEMPERATURE (°C)

CHARGE CURRENT vs. BATTERY
VOLTAGE (HIGH-POWER MODE)

250

IAX77301 toc10

200

150

100

CHARGE CURRENT (mA)

50

0

2.0

2.5

3.0 35 40 45

BATTERY VOLTAGE (V)

15



MAX77301

JEITA-Compliant, Li+ Charger with Smart Power
Selector, Automatic Detection, and USB Enumeration

Typical Operating Characteristics (continued)

(Circuit of Figure 1, Tp = +25°C unless otherwise noted.)

CHARGE CURRENT vs. BATTERY CHARGE CURRENT BATTERY REGULATION VOLTAGE
VOLTAGE (1A DEDICATED CHARGER) vs. AMBIENT TEMPERATURE vs. AMBIENT TEMPERATURE
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MAX77301

JEITA-Compliant, Li+ Charger with Smart Power
Selector, Automatic Detection, and USB Enumeration

Typical Operating Characteristics (continued)

(Circuit of Figure 1, Tp = +25°C unless otherwise noted.)

SYS OUTPUT VOLTAGE vs. SYS OUTPUT VOLTAGE vs.
LOAD CURRENT (USB HIGH-POWER MODE) LOAD CURRENT (DEDICATED CHARGER)
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JEITA-Compliant, Li+ Charger with Smart Power
Selector, Automatic Detection, and USB Enumeration

Typical Operating Characteristics (continued)

(Circuit of Figure 1, Tp = +25°C unless otherwise noted.)
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MAX77301 toc23 MAX77301 toc24
g | —
= =
w w
: g
=} =}
w w
A A
& &
0 10 20 30 40 50 6.0 0 10 20 30 40 50 60 70 80
TIME (x 10" -7) s TIME (x 101 -8) s
DEDICATED CHARGER CONNECT DEDICATED CHARGER CONNECT
MAX77301 ‘UC'_FZE " r . " " M:\X7730I1Jt_u'2'222
v 5V/div E 5V/div
VaUs VBUS I R R
5V/div IBUS  [remrmsmnt i 0.5 v
Vsys A B I -
2V/div Coe oo )
IAARAS e e bbbt} 2V/div
. R 2V/div : }L Lo [ 2V/div
. | DEDICATED CHARGER:  : © 4 P 1SNy usoa
Vb- ~===-Rsys = 25Q e V- meiend RSYS = 2502
. VBAT=3.6V . . . © 1 VpaT=36V
200ms/div 200ms/div
DEDICATED CHARGER DISCONNECT DEDICATED CHARGER DISCONNECT
MAX77301 toc26 MAX77301£E'Z_§3
e ; T 5V/div Vaus T T T ] B iy
VBUS oo o
b lBUS . . : : B : :
Vsys | 4 sv/div oo R 4 05A/y
VD+ 3 . . . . VD+ B . . . - -
preepessspussstensed 2V/div USSETORESUUNEJOUE. SVELNN FVSS SRRSO 1YY
P Y AR S S S o simmipaiind
s e ] OV e aas e SARHESIERRHISE AL 1Y
SONY U50A Lo Vp- Lo R
VD- b RSYS=25Q -t M mminmesinemaiasinse T Ut —
VBar=3.6V Loon Loon oo

200ms/div

Maxim Integrated 18



MAX77301

JEITA-Compliant, Li+ Charger with Smart Power
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Typical Operating Characteristics (continued)

(Circuit of Figure 1, Tp = +25°C unless otherwise noted.)
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MAX77301

JEITA-Compliant, Li+ Charger with Smart Power
Selector, Automatic Detection, and USB Enumeration

Bump Configuration

TOP VIEW
(BUMPS ON BOTTOM) MAX77301
1 2 3 4 5
* BUS_DEF  CHG_TYPE BAT_A SYS_A BUS_A
N o0 S Vool
ENU_EN_HW  EXT_PWRON BAT_B SYS_B BUS_B
31 [ T S S G S S S
XIN SDA UOK STDB_EN_HW  AGND
of ¢ L) A
Xout ScL CEN CHG_STAT D+
'l I T G T G N G
IRQ THM INT_3V3 DGND D
31 T T N T G T S B A
WLP
(0.4mm PITCH)
Bump Description
BUMP NAME FUNCTION
Logic Input that Sets Input Current Limit. Only valid when enumeration is disabled or D+/D- are open.
Logic-high programs the ILIM[2:0] register value. Logic-low sets the input current limit at 100mA.
A1l IBUS_DEF —
Low Input current limit = 100mA
High Input current limit = ILIM[2:0] (default = 500mA)
Open-drain Output. Used to signal to the processor the current capability of the external adapter.
Connect this pin to ground if not used.
A2 CHG_TYPE CHG_TYPE ADPATER TYPE
Low USB 2.0 host 100mA or ILIM = 100mA
High impedance ILIMIT > 500mA
BAT A Li+ Battery Connection (VgaT). Connect a single-cell Li+ battery from VgaT to ground. Bypass VgaT to
A3, B3 BAT_B DGND with a 10uF X5R or X7R ceramic capacitor. Both BAT_A and BAT_B must be connected together

externally.

Maxim Integrated
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JEITA-Compliant, Li+ Charger with Smart Power
Selector, Automatic Detection, and USB Enumeration

Bump Description (continued)

BUMP

NAME

FUNCTION

A4, B4

SYS_A
SYS_B

System Supply Output (Vgyg). Connect SYS_A and SYS_B to the system load.

When a valid voltage is present at Vgys, Vsys is programmed by the greater of register V_SYS[1:0]
or VpaT + 0.14V (typ). When Vgyg is not present the SYS voltage is set to the battery voltage minus a
small voltage drop determined by the system load.

Bypass Vgyg to DGND with a 10pF X5R or X7R ceramic capacitor. SYS_A and SYS_B must be
connected together externally.

A5, BS

BUS_A
BUS_B

USB Power Input (Vgs). Connect input power source to BUS_A and BUS_B.

Bypass Vpyg to DGND with a 10puF X5R or X7R ceramic capacitor. BUS_A and BUS_B must be
connected together externally.

B1

ENU_EN_HW

Automatic Enumeration Enable. ENU_EN_HW is a logic-low input used to enable USB enumeration.
Connect ENU_EN_HW to AGND to allow the IC to automatically perform enumeration. Connect to
INT_3V3 or drive logic-high to disable automatic enumeration and enable adapter detection. In case of
USB host/hub, do not initiate USB enumeration, but set input current according to IBUS_DEF.

The nENU_EN_HW_MASK bit is used to determine if NENU_EN is controlled by ENU_EN_HW logic
input or if controlled by 12C directly.

B2

EXT_PWRON

Open-Drain Output. Used to enable other parts of the system when valid supply is present. Connect
this pin to ground if not used.

C1

XIN

Crystal Oscillator Input.
For full-speed operation, connect XIN to one side of a parallel resonant 12MHz +0.25% crystal and a
33pF capacitor to AGND. XIN can also be driven by an external clock referenced to INT_3V3.

For low-speed operation only, a crystal or clock signal is not required. Connect XIN to AGND and
connect XOUT to INT_3V3. In this case the internal oscillator is used, and only low-speed operation is
supported.

Cc2

SDA

Data Input for 12C Serial Interface. Connect an external 2.2kQ pullup resistor from SDA to the logic
supply. SDA is high impedance when off.

C3

C
~

Active-Low Adapter Type Detection. UOK is an open-drain output that pulls low when adapter
detection is successfully completed. In USB suspend mode, UOK flashes with a duty cycle of 50% and
a period of 1.5s. When D+/D- open is detected and bit nENU_EN = 1, the UOK pin flashes with a duty
cycle of 50% and a period of 0.15s. When no adapter is detected, UOK is high impedance. Connect
this pin to ground if not used.

C4

STDB_EN_HW

Standby Mode Enable. STDB_EN_HW is a logic-low input used to force the IC into suspend mode.
Connect STDB_EN_HW to INT_3V3 or drive logic high for automatic detect mode. In automatic detect
mode the IC determines when to enter suspend mode depending on the status of SUS_EN register
and USB conditions.

The nSTDB_EN_HW_MASK bit determines if nSTDB_EN is controlled by STDB_EN_HW logic input or if
controlled by 12C directly.

C5

AGND

Analog Ground. Connect AGND to quiet ground, including crystal oscillator and INT_3V3 ground nodes.

D1

XOuT

Crystal Oscillator Output.
For full-speed operation, connect XOUT to one side of a parallel resonant 12MHz +0.25% crystal
and a 33pF capacitor to AGND. Connect XOUT unconnected if XIN is driven by an external clock.

For low-speed operation only, a crystal or clock signal is not required. Connect XOUT to INT_3V3 and
connect XIN to AGND. In this case the internal oscillator is used, and only low-speed operation is
supported.

Maxim Integrated
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Bump Description (continued)

BUMP

NAME

FUNCTION

D2

SCL

Clock Input for Serial Interface. Connect an external 2.2kQ pullup resistor from SCL to the logic supply.
SCL is high impedance when off.

D3

CEN

Charger Enable Input. Logic-high input used to control charge status. Connect CEN to logic-high to

enable battery charging when a valid source is connected at Vgyg. Connect to AGND or drive logic-
low to disable battery charging. The CEN_MASK bit is used to determine if CHG_EN is controlled by
CEN logic input or if controlled by 12C directly.

D4

CHG_STAT

Charge Status Output. Logic-low open drain output indicating battery charging. When a temperature
fault is detected, the output is pulsed at 50% duty cycle with a period of 1.5s. When a charge timer
fault is detected CHG_STAT is pulsed at 50% duty cycle with a period of 0.15s. When no battery

is connected, CHG_STAT is pulsed at a 0.1s period and 10%-20% duty cycle. Connect this pin to
ground if not used.

D5

D+

USB D+ Signal. Connect a 33Q resistor between D+ a USB connector to add signal integrity.

E1

Interrupt Request. Logic-low open-drain output that indicates when an interrupt has occurred.

E2

THM

Thermistor Input. Battery temperature detect input. Connect a negative temperature coefficient (NTC)
thermistor close to the battery pack. Connect the other thermistor lead to AGND. Connect a pullup
resistor from THM to INT_3V3 (47kQ pullup resistor is recommended with a 100kQ thermistor). Connect
to AGND to disable this feature. Note the thermistor and pullup resistor are required for battery NTC
detection mode.

E3

INT_3V3

3.3V Logic Supply Output. Connect a 1pF capacitor from INT_3V3 to AGND. The output is rated for up
to a 10mA load. The INT_3V3 output is active whenever a valid voltage is present on BUS_ pins.

E4

DGND

Digital Ground. Connect DGND to power ground, including input capacitor, system capacitor, and
battery capacitor ground nodes.

E5

D-

USB D- Signal. Connect a 33Q resistor between D- a USB connector.

Maxim Integrated
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Figure 1. Block Diagram and Typical Application Circuit
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Detailed Description

The MAX77301 is a USB-compliant linear battery charger
that operates from a USB port, a dedicated charger, or a
universal adapter. The IC provides automatic detection of
adapter type and enumeration with a USB host. All power
switches and charging circuitry is integrated.

The IC is capable of negotiating more than 100mA of
charging current from a USB host or hub without pro-
cessor intervention. Alternatively, the IC automatically
detects a dedicated charger and sets the input current
limit accordingly. The battery charge current and the
input current limit can be set up to 900mA and 1500mA,
respectively. If enumeration is disabled or a nonvalid
adapter is connected to the IC the current depends on
the logic level of IBUS_DEF (IBUS_DEF logic-low sets the
current limit to 100mA,; logic-high sets the current limit to
register value ILIM[2:0] (default = 500mA).

Data Contact Detection
USB plugs are designed so that when the plug is inserted
into the receptacle, the power pins make contact before
the data pins make contact. This ensures that BUS volt-
age is applied to data pin contact.

To detect when the data pins have made contact, the
data pins are prebiased so at least one of the data pins
changes state. When this change is detected, the IC is
allowed to check which type of port is attached.

The IC has two different modes of operation during the
data contact detection.

The first mode allows up to 3s (see the Electrical
Characteristics table) for the D+/D- to be connected. If
D+/D- are still open after 3s, an interrupt is issued and
the IC allows the input current to be user defined. The IC
continues to monitor D+ and D- for connection.

The second mode occurs when enumeration is disabled.
In this mode, the IC initiates with user defined current
limit and then transitions to the ideal charging current
determined by the USB enumeration engine.

Power-On Reset
To guarantee the correct startup, the IC triggers power-
on reset when a valid adapter or battery is detected.
Power-on reset ensures that all 12C registers are set to
the default values.

Maxim Integrated

When only a battery is connected to the IC and the bat-
tery voltage is above VpaT uvLo_F all internal circuitry
is powered down except the internal BAT to SYS switch,
UVLO comparator, and 12C. If the battery voltage drops
below VBaT uvLO F, the 12C interface and the BAT to
SYS switch are disabled.

If a valid power source is present at the BUS input, the
mode of operation depends on the battery voltage.

For battery voltage above VBaT uvLO F: The system
is supported by battery power when the external adapter
current limit is exceeded.

For battery voltage below VAT yvLo F: The system
cannot be supported by an external adapter and battery
power. The IC enters fault mode and the charger input
current is disabled. This is done to ensure that system
does not continuously attempt to start up with an under-
powered adapter. Exit this mode by disconnecting the
adapter. Use this mode to disconnect the charger.

Interrupt Request (IRQ)
IRQ is an active-low, open-drain output signal that indi-
cates an interrupt event has occurred and status informa-
tion is available in the EVENT_ and STATUS_ registers.
Interrupts indicate temperature and voltages and current
fault conditions. Events are triggered by a state change
in the associated register. The event registers are reset to
default condition when read. When the EVENT_ registers
are read in page mode the TRQ is not released until the
last bit been read. New interrupt events are held until a
complete read of all registers has occurred.

USB Interface
An integrated USB peripheral controller provides autoe-
numeration in full-speed and low-speed modes. The USB
controller completes the following tasks:

e Adapter type detection, or
e USB enumeration with USB type inputs

With no crystal oscillator, the IC operates in USB low-
speed mode. An external 12MHz crystal oscillator and
decouling capacitors are required for USB full-speed
mode. This flexibility allows the IC to interface with any
USB connector type.
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Figure 2. Power-On Reset State Diagram
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