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General Description Features
The MAX8606 complete 1-cell Li+ battery charge-man- 4 Small 3mm x 3mm Thermally Enhanced TDFN
agement IC operates from either a USB port or AC Package (0.8mm max height)

adapter. It integrates a battery disconnect switch, cur- .
rent-sense circuit, PMOS pass element, and thermal- USB-Compliant Suspend Mode (20pA)
regulation circuitry, while eliminating the external Selectable 100mA, 500mA, and Up to 1A Input
reverse-blocking Schottky diode, to create a simple Current Limits

and small charging solution. The charging sequence USB or AC Adapter Input

initiates from power-OK indication, through prequalifi-
+6V to +14V Input Overvoltage Protection

cation, fast-charge, top-off charge, and finally charg-
Input UVLO Below +4V Rising (3.5V Falling)

ing-complete indication for single-cell Li+ batteries.
harging is controlled using constant current, constant

Charging 9 ’ Automatic Current Sharing Between Battery

lation for safe operation in handhelds. Charging and System

* &

* & o o

voltage, or constant die-temperature (CCCVCT) regu-

Two logic inputs (ENT and EN2) select suspend mode, ¢ Die Temperature Regulation (+100°C)

100mA, 500mA, or <1A input current limits to suit USB ¢ Prequal, Fast-Charge, and Top-Off Timers
requirements. Proprietary thermal-regulation circuitry

limits the die temperature to +100°C to prevent exces- ¢ Low Dropout Voltage, 250mV at 0.5A

sive heat on the system PC board. Additional safety 4 NTC Thermistor Input

features include an NTC thermistor input (THM) and ¢ Charge Status and Input-Supply Detection Flags
internal timers to protect the battery. A 3.5V to 4.2V SYS g P PPy g
output, in conjunction with the low-RpsoN battery . .
switch, powers the system even when the battery is Ordermg Information
deeply discharged or not installed. The IC also offers a

+3.3V/500pA output (VL), a charging status flag (CHG), PART TEMP RANGE PIN-PACKAGE ToP
and an input-supply detection flag (POK). The MARK
MAX8606 operates from a +4.25V to +5.5V supply and o o~ 14 TDFN 3mm x
includes undervoltage lockout below +3.4V and over- MAXEBOBETD+  -40°C to +85°C 3mm (T1433-1) AAF

voltage protection up to +14V. +Denotes lead-free package,

Applications
Cellular Phones, Smartphones, PDAs

ical Operating Circuit
Digital Cameras, MP3 Players Typ P 9

USB Appliances, Charging Cradles and Docks
W
- - - STATUS
Pin Configuration USB/AC-ADAPTER INDICATORS
OVP UPTO 14V
RS K
TOPVIR SR EERE ¢ —_l‘_—35VTWV T
N — T -
. L
MAXIM | eyt {1 — et
MA8606 ' SELECTION | | i
5 up —— MR S, * i
i STAND-ALONE | ST MAXIM
Hi2iaiias el e
ZE=EEE =
TDFN B
MAXIM Maxim Integrated Products 1

For pricing, delivery, and ordering information, please contact Maxim/Dallas Direct! at
1-888-629-4642, or visit Maxim’s website at www.maxim-ic.com.
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MAX8606

USB/AC Adapter, Li+ Linear Battery Charger
with Integrated 50m<Q Battery Switch in TDFN

ABSOLUTE MAXIMUM RATINGS

IN to BAT Current .......cooovveeieiin.
INto SYS Current .......coooeeeiiin
BAT to SYS Current .......ccooviiiiinn.
BAT Short-Circuit Duration..............

-0.3V to +16V
....... -0.3V to +6V

.......................... -0.3V to +4V

....... -0.3V to +6V
-16V to +0.3V

................................ 1.0ARMS
................................ 1.0ARMS

.......... 1.0ARMS

............................ Continuous

Continuous Power Dissipation (Ta = +70°C)
14-Pin 3mm x 3mm TDFN (derate 18.2mW/°C
above +70°C) .
Operating Temperature Range
Junction Temperature Range.........
Storage Temperature Range ..........cccccoeeeeeen.
Lead Temperature (soldering, 10S) ........ccocevviiieiiiineennn, +300°C

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

ELECTRICAL CHARACTERISTICS

(VIN = 5.0V, VBaT = 3.3V, EN1 = EN2 = GND, RsgT| = 23.58kQ, CyL = 0.1uF, Csys = 4.7uF, Ta = -40°C to +85°C, unless otherwise
noted. Typical values are at Ta = +25°C.) (Note 1)

PARAMETER | CONDITIONS MIN TYP MAX | UNITS
IN
IN Voltage Range 0 14 \
IN Operating Voltage Range (Note 2) 4.25 5.50 \
IN Undervoltage Threshold VIN rising, 500mV hysteresis (typ) 3.9 4.0 41 \
IN Overvoltage Threshold VIN rising, 100mV hysteresis (typ) 5.6 5.8 6.0 Y
Charging, IBAT = Isys = OmA 1.2 3.0 mA
IN Supply Current ————
Suspend, EN1 = EN2 = high, ly. = 0OmA 20 40 PA
) Ta = +25°C 0.1 10
IN to BAT Switch Leakage VIN = 14V, BAT = GND PA
Ta = +85°C 0.5
SYS
SYS Regulated Voltage Isys = OmA, VBaT = 3.3V 3.4 3.5 3.6 V
ENT = low, EN2 = low 90 95 100
SYS Current Limit Vsys = 3.3V ENT = low, EN2 = high 450 475 500 mA
ENT = high, EN2 = low 675 712 750
SYS Dropout Voltage (VN - VBAT) | Isys = 400mA, Vsys = 3.3V, ENT = low, EN2 = high 350 700 mV
SYS Load Regulation Isys = TmA to 675mA, ENT = high, EN2 = low 10 mV
BAT
, Ta = +25°C 418 4.20 4.22
BAT Regulation Voltage IBAT = OmA Vv
Ta =-40°C to +85°C 4.16 4.20 4.24
Maximum Charging Current 1 A
ENT = low, Isys = OmA 87 95 100
EN2 = low Isys = 50mA 45
} ENT = low, Isys = OmA 450 475 500
BAT Charging Current ENZ = high lsvs = 250mA o5 mA
ENT = high, Isys = OmA 675 712 750
ENZ = low Isys = 375mA 337
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USB/AC Adapter, Li+ Linear Battery Charger
with Integrated 50m< Battery Switch in TDFN

ELECTRICAL CHARACTERISTICS (continued)

(VIN = 5.0V, VBaT = 3.3V, EN1 = EN2 = GND, RsgT| = 23.58kQ, Cy| = 0.1uF, Csys = 4.7uF, Ta = -40°C to +85°C, unless otherwise

noted. Typical values are at Ta = +25°C.) (Note 1)

PARAMETER CONDITIONS MIN TYP MAX | UNITS
EN1 = low, EN2 = low, Isys = OmA 87 95 100
EN1 = low, EN2 = high, Isys = 0 to
95
BAT Prequal Current VBAT = 2.0V 350mA mA
ENT = high, EN2 = low, Isys = 0 to 95
575mA
Soft-Start Time 1.5 ms
BAT Prequal Threshold VBAT rising, 150mV hysteresis (typ) 2.9 3.0 3.1 \
BAT Dropout Voltage (VIN - VBAT) | VBAT = 4.1V, IBAT = 400mA 200 400 mV
BAT Short-Circuit Current Limit BAT = GND 70 95 120 mA
BAT to SYS Switch Ron VBAT = 3.5V, Vgys = 3.4V, V|N = OV 50 100 mQ
BAT to SYS Switch Threshold BAT rising, 160mV hysteresis (typ) 3.4 3.5 3.6 \
Battery-Removal Threshold BAT rising, 210mV hysteresis (typ) 4.5 4.75 5.0 \
Ta = +25°C 0.1 10
VIN = 0V
Ta = +85°C 0.1
Ta = +25°C 0.1 10
BAT Leakage Current VIN = 2.4V pA
Ta = +85°C 0.1
_— . = Ta = +25°C -10 0.1 +10
EN1 = high, EN2 = high
Ta = +85°C 0.1
VL
VL Output Voltage lvL = O to 500pA 3.1 3.3 3.5 \
VL Shutdown Voltage VENT = VEN2 = 5V 0 \
THM
THM Internal Pullup Resistance 10 kQ
THM Resistance Threshold, Hot 10% hysteresis 3.72 3.93 413 kQ
THM Resistance Threshold, Cold | 10% hysteresis 26.6 28.3 30.0 kQ
THM Resistance Threshold, 70% hysteresis 274 305 336 Q
Disabled
SETI
EN1 = low, EN2 = low 0.28
SETI Servo Voltage EN1 = low, EN2 = high 14 \
EN1 = high, EN2 = low 2.1
SETI Resistance Range 17.68 2358 35.36 kQ
POK
- 41V < VN < 5.6V, VN rising 150 250 350
POK Trip Threshold (VIN - V mV
P (VIN-VBAT) |y ar = 4.4V Vin falling 5 55 125
POK Voltage, Low [POK = 5mA 0.05 0.2 V
_ ) Ta = +25°C 0.01 1
POK Leakage Current, High VPOK = 6V pA
Ta = +85°C 0.01
MNAXIW 3
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MAX8606

USB/AC Adapter, Li+ Linear Battery Charger
with Integrated 50m<Q Battery Switch in TDFN

ELECTRICAL CHARACTERISTICS (continued)

(VIN = 5.0V, VBaT = 3.3V, EN1 = EN2 = GND, RsgT| = 23.58kQ, Cy| = 0.1uF, Csys = 4.7uF, Ta = -40°C to +85°C, unless otherwise
noted. Typical values are at Ta = +25°C.) (Note 1)

PARAMETER | CONDITIONS MIN TYP MAX | UNITS

CHG

Eﬁlrliﬁ(t)t%ry Detection Current IgaT falling 30 50 70 mA

CHG Voltage, Low ICHG = 5mA 0.05 0.02 v

__ ) Ta = +25°C 0.01 1

CHG Leakage Current, High VTHG = 6V uA
Ta = +85°C 0.01

EN1,EN2, TMR

Logic Input Leakage Current VTMR = VENT = VEN2 = 010 5.5V Th = +25°C 0.01 ! pA
Ta = +85°C 0.01

Logic Input Low Voltage 0.4 \

Logic Input High Voltage 1.6 \

THERMAL LIMIT

Thermal-Regulation Threshold +100 °C

Thermal-Regulation Gain TytoIgaT, Ty > +100°C -50 mA/°C

TIMER

Oscillator Accuracy 112 140 168 kHz

Overvoltage Turn-On Delay 800 ms

Prequal Fault Timer 24 30 36 min

Fast-Charge Fault Timer 480 min

Top-Off Timer 30 min

CHG Blinking Rate In fault state, 50% duty 1.68 2.10 2.52 Hz

Note 1: Specifications are 100% production tested at Ta = +25°C. Limits over the operating temperature range are guaranteed by
design and characterization.
Note 2: Guaranteed by undervoltage and overvoltage threshold testing.
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USB/AC Adapter, Li+ Linear Battery Charger
with Integrated 50m< Battery Switch in TDFN

Typical Operating Characteristics
(VIN = +5V, VBaT = 3.6V, Isys = 0, ENT = 1, EN2 = 0, circuit of Figure 3, Ta = +25°C, unless otherwise noted.)

SUSPEND-MODE SUPPLY CURRENT

SUPPLY CURRENT vs. INPUT VOLTAGE vs. INPUT VOLTAGE CHARGE CURRENT vs. BATTERY VOLTAGE
20 . 100 5 1000 g
18 g % g 900 -
16 vy FALLING = W SR :
E 14 « ERR (0 E 70
= 1 = =
Z 12 ; g 60 Z 600
& = <
= 10 ' = 50 A = 500
> 08 : Z 0 - & 400
& 1 | & // =
7 06 S 3 30 - S 300
04 : VN RISING 20 T 200
02 : VAT = 3.3V — 10 // N2 =1 —] 100
0 \ \ o L | )
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14 0 05 10 15 20 25 30 35 40 45
INPUT VOLTAGE (V) INPUT VOLTAGE (V) Vear (V)
CHARGE CURRENT BATTERY REGULATION VOLTAGE
CHARGE CURRENT vs. INPUT VOLTAGE vs. INPUT VOLTAGE HEADROOM vs. TEMPERATURE
1000 | . 1000 g 424 s
900 ‘ g 900 g 4z g
800 |- Vin 2 800 E E
= RISING = g 42
) \L 1 £ 00 L =
Z 600 , Z 600 /1 = | —T
= £ / S 420
3 50 # 3 500 = o _—
i) [} =2 4.
S 400 ' &S 400 3
= Viy 1 = < 418
S 300 FFALLING 1 S 300 &
200 : 2w A 2 417
VeaT = 4V @
100 ! 100 BA‘T ‘ 416
0 L 0 415
0 2 4 6 8 10 12 14 0 50 100 150 200 250 300 350 400 450 500 40 1510 35 60 85
Vin (V) (Vi - Vea) (MV) Ta(°C)
CHARGE CURRENT CHARGE CURRENT
vs. AMBIENT TEMPERATURE vs. AMBIENT TEMPERATURE
600 5 1100 g
550 § 1000 g
500 e 900 e
z = CONSTANT T,
E — £ 800 REGULATION |
= 450 = |
= Z 700
£ £ \y
3 400 S 600 N
& & 500 N
= 350 =
5 a0 L — S 40 Vin =55V
% =0 300 Vpar=3.2V
2-1 B -
250 —] ENT=1
200 250
200 100 L
40 510 35 60 85 40 510 35 60 85
Ta(°C) Ta(°C)
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MAX8606

USB/AC Adapter, Li+ Linear Battery Charger
with Integrated 50mQ Battery Switch in TDFN

Pin Description

PIN

NAME

FUNCTION

1,2

BAT

Battery Connection. The IC delivers charging current and monitors battery voltage using BAT. Connect
both BAT outputs together externally. During suspend mode, BAT is internally connected to SYS.

Supply Voltage Input. Connect IN to a 4.25V to 5.5V supply. Charging is suspended if V|N exceeds
6V. Bypass IN to GND with a 4.7uF or larger ceramic capacitor.

+3.3V Output Voltage and Logic Supply. VL is regulated to +3.3V and is capable of sourcing 500pA
to provide power for external circuits. Bypass VL to GND with a 0.1uF or larger ceramic capacitor. VL
is internally pulled to GND during suspend mode.

Thermistor Input. Connect a 10kQ NTC thermistor from THM to GND in close proximity to the battery

to monitor the battery temperature. The IC suspends charging when the temperature is outside the
hot and cold limits. Connect THM to GND to disable the thermistor monitoring function.

o
@
T
@)

Charging Status Output. CHG is an open-drain output that goes low when the battery is charging.
CHG goes high impedance when the charge current drops below 50mA (typ) and the battery voltage
is 4.2V (typ). CHG is high impedance when the IC is in suspend mode.

~
o
o
~

Power-OK Monitor. POK is an open-drain output that pulls low when a valid charging source is detected at IN.

[e¢]
—
X

top-off timers.

Timer-Selection Input. Drive TMR high to enable the microprocessor mode where the charge times
are determined by an external device. Drive TMR low to use the internal prequal, fast-charge, and

= Charge-Current Selection Input. Drive EN_ high or low to select the charge current or to put the
MAX8606 into suspend mode (see Table 1).

= Charge-Current Selection Input. Drive EN_ high or low to select the charge current or to put the
MAX8606 into suspend mode (see Table 1).

Ground. Connect directly to exposed paddle under the IC.

Charge-Current Programming Input. Connect a resistor from SETI to GND to set the maximum
charging current. RsgT) must be between 17.68kQ and 35.36kQ.

13, 14 SYS

System Supply Output. SYS delivers up to 1ARMS to power an external system. Bypass SYS to GND
with a 4.7uF or larger ceramic capacitor. SYS is connected to BAT through an internal 50mQ switch
when VBaT exceeds 3.5V or when the MAX8606 is in suspend mode.

dissipation.

Exposed Paddle. Connect to GND under the IC. Connect to a large ground plane to improve power

Detailed Description

The MAX8606 charger uses current, voltage, and ther-
mal control loops to charge and protect a single Li+
battery cell. It can start the system even when the bat-
tery is in deep saturation. The MAX8606 provides a
SYS output that supplies the external system with a
minimum 3.5V at 1A.

Two active-low enable inputs (EN1 and EN2) are sup-
plied to set the SYS and charging current limits. During
prequal and fast-charge modes, the CHG output status
flag is pulled low. As the battery voltage approaches

4.2V, the charging current is reduced. When the charg-
ing current drops below 50mA and the battery voltage
equals 4.2V, the CHG output goes high impedance,
signaling a full battery. At any time during charging, if
both EN1 and EN2 are driven high, the charger enters
suspend mode, charging stops, and CHG goes high
impedance.

The MAX8606 contains an internal timer to measure the
prequal, fast-charge, and top-off charge time. If the
battery voltage has not risen above 3V after 30 minutes
or has not completed fast-charge in 8 hours, the charg-
er goes into a fault state where the charging is

MAXIN




USB/AC Adapter, Li+ Linear Battery Charger
with Integrated 50mQ Battery Switch in TDFN

ANY CHARGING STATE

Rrhm > 3.93kQ AND
RTHm < 28.3kQ

305Q < Ryym < 3.93kQ2 OR
RTHm > 28.3kQ

TEMPERATURE SUSPEND
_ lpar=0A
POK = PREVIOUS STATE
CHG = PREVIOUS STATE
TIMER STOPPED

Vin <4V OR
Viv> 5.8V OR ANY STATE
___ NOT READY Vin < VBar
POK = Hi-Z, CHG = Hi-Z,
liny= OmA 4V < Vi <5.8V AND
Vin > Vgat AND
4V <V <5.8V AND ENT =EN2 =1
Vin > Vgar AND
S %’R‘Agﬁio v ENTOREN2=0 ~” SUSPEND
SETTIMER =0 POK =0, CHG = Hi-Z,
_ PREQUAL Ii < 40pA
POK =0V, CHG =0,
IgaT = 100mA
IIN< LM .
i TIMER > 30MIN AND TMR =0
Vpar < 2.9V Vpar >3V
SETTIMER =0 SETTIMER=0 ~RAULT
POK =0, CHG = BLINK,
/ IgaT = 0A
_FAST-CHARGE —
POK =0, CHG =0, TIMER > 8 HOURS AND TMR =0
ViN(Max) = 4.2V, (TIMER SUSPENDED IN 100mA MODE)
IIN(VAX) = ILIM
IToTAL < 50mA Vpar < 4.06V
AND Vpar=4.2V,
SETTIMER =0
A/
___ TOP-OFF
POK =0, CHG = Hi-Z,
ViN(Max) = 4.2V,
IIN(MAX) = LM
TIMER > 30min
' AND TMR =0
___ DONE
POK =0, CHG = Hi-Z,
Iin=0A
ILiv = 100mA,
500mA, OR UP TO 1A

Figure 1. MAX8606 State Diagram

suspended and the CHG flag turns on and off at 2Hz.
Either the input power must be cycled or the suspend

mode enabled to clear the fault.

MAXI

L L EN1 and EN2 Inputs
EN1 and EN2 are logic inputs that enable the charger
and select the charging current (see Table 1). Drive
EN1 and EN2 high to place the IC in suspend mode.
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MAX8606

USB/AC Adapter, Li+ Linear Battery Charger
with Integrated 50mQ Battery Switch in TDFN

SYS
IN BAT
BODY-
DIODE
CONTROL I,
I
_ CHG
EN1 —
— CURRENT-LIMIT |
EN2 CIRCUITRY |
— |POK.
SETI LOGIC |
CIRCUITRY |
THERMAL
REGULATION =
+
CoLD _ %
5
—1 0vVIo THM
HOT
o |
OSCILLATOR _
VL : -
N PREQUAL _
0 FAST-CHARGE VR
BIAS TOP-OFF
MAXKIMN TIMERS
MAX8606
GND

Figure 2. MAX8606 Block Diagram
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USB/AC Adapter, Li+ Linear Battery Charger
with Integrated 50m< Battery Switch in TDFN

VL Internal Voltage Regulator
The MAX8606 linear charger contains an internal linear
regulator to supply the power for the IC. Bypass VL to
GND with a 0.1uF ceramic capacitor. VL is regulated to
3.3V whenever the input voltage is above the battery
voltage and can source up to 500uA for external loads.

CHG Charge-Indicator Output
CHG is an open-drain output that indicates charger sta-
tus and can be used with an LED. CHG goes low dur-
ing charging. CHG goes high impedance when VBAT
equals 4.2V and the charging current drops below
50mA. When the MAX8606 is used in conjunction with a
microprocessor (UP), connect a pullup resistor between
CHG and the logic I/O voltage to indicate charge status
to the yP. CHG also indicates a timer fault. If the inter-
nal prequal or fast-charge timer expires without com-
pleting the charge cycle, charging is suspended and
the CHG output “blinks” at 2.1Hz.

Soft-Start
To prevent input transients, the rate of change of the
charge current is limited when the charger is turned on
or changes its current compliance. It takes approxi-
mately 1ms for the charger to go from OmA to the maxi-
mum fast-charge current.

TMR Input
The MAX8606 includes a 30-minute prequalification
fault timer, an 8-hour fast-charge fault timer, and a 30-
minute top-off timer to terminate the changing cycle.
Drive TMR low to enable the internal timers. Drive TMR
high to disable the internal timers and allow an external
device to determine charge times.

THM Input
The MAX8606 monitors the battery temperature with an
external NTC thermistor that is in close thermal contact
with the battery. Select a thermistor resistance that is
10kQ at +25°C and has a beta of 3500 Kelvins. The IC
compares the resistance from THM to GND and sus-
pends charging when it is greater than 28.3kQ or less
than 3.93kQ, which translates to a battery temperature
of 0°C or +50°C, respectively. Connect THM to GND to
disable the temperature control function.

SYS Output
The MAX8606 contains a SYS output that delivers up to
1ARMS at 3.5V to 4.2V to power an external system.
Bypass SYS to GND with a 4.7uF or larger ceramic
capacitor. When VBAT exceeds 3.5V or when the
MAX8606 is in suspend mode, the MAX8606 internally
connects SYS to BAT through a 50mQ switch. When
charging a battery, the load on SYS is serviced first and

MAXIM

Table 1. EN1 and EN2 Control

EN1 EN2 MODE
0 0 100mA
0 1 500mA
1 0 8000 x 2.1V / RsETI
1 1 Suspend

the remaining available current goes to charge the bat-
tery. SYS is connected to BAT when V|N is not valid.

_ POK
The MAX8606 contains an open-drain POK output that
goes low when a valid input source is detected at IN. A
valid input source is one whose voltage is between 4V
and 5.8V and exceeds the battery voltage by 250mV.
After a valid input has been established, charging is
sustained with inputs as low as 3.5V as long as the
input voltage remains above the battery voltage by at
least 556mV. POK is high impedance otherwise.

Applications Information

Charge-Current Selection
For USB applications, the charging current is internally
limited to 100mA or 500mA. For wall-cube applications
requiring a different current requirement, set the charg-
ing current with an external resistor from SETI to GND
(RseTI). Calculate RsgT| as follows:

RsETI = 8000 x 2.1V / (IBAT + Isys)
where EN1 = high and EN2 = low.

The SETI input also enables the user to monitor the
charging current. Under fast-charge operation, the
SETI voltage regulates to 1.4V (EN1 low and EN2 high)
or 2.1V (EN1 high and EN2 low). As the charging cur-
rent decreases, VSgT| decreases. This is due to either
the thermal regulation control or voltage regulation con-
trol (4.2V) of the MAX8606. VSET] is calculated using

the following equation:
VSETI = (IBAT + ISYs) x RsgTI / 8000

Thermal Regulation
The MAX8606 features a thermal limit that reduces the
charge current when the die temperature exceeds
+100°C. As the temperature increases, the IC lowers
the charge current by 50mA/°C above +100°C.

Capacitor Selection
Connect a ceramic capacitor from SYS to GND as
close to the IC as possible for proper stability. Use a
4.7uF X5R ceramic capacitor for most applications.

9098XVIN



MAX8606

USB/AC Adapter, Li+ Linear Battery Charger
with Integrated 50mQ Battery Switch in TDFN

Connect a 4.7uF ceramic capacitor from IN to GND as
close to the IC as possible. Use a larger input bypass
capacitor to reduce supply noise.

Thermal Considerations
The MAX8606 is available in a thermally enhanced
TDFN package with exposed paddle. Connect the
exposed paddle to a large copper ground plane to pro-
vide a good thermal contact between the device and
the circuit board. The exposed paddle transfers heat
away from the device, allowing the MAX8606 to charge
the battery with maximum current while minimizing the
increase in die temperature.

DC Input Sources
The MAX8606 operates from well-regulated DC
sources. The full-charging input voltage range is 4.25V
to 5.8V. The device survives input voltages up to 14V
without damage to the IC. If V|N is greater than 5.8V
(typ), the IC stops charging. An appropriate power sup-
ply must provide at least 4.25V when sourcing the
desired peak charging current. It also must stay below
5.8V when unloaded.

Application Circuits

Stand-Alone Li+ Charger
The MAX8606 provides a complete Li+ charging solu-
tion. Figure 3 shows the MAX8606 as a stand-alone Li+
battery charger. The 23.58kQ resistor connected to
SETI sets a charging current of 712mA (typ). The LED
indicates when either prequal or fast-charging has
begun. When the battery is charged the LED turns off.

USB Application with AC Adapter
The MAX8606 can be configured for USB applications
with an optional AC-adapter input (Figure 4). The p-
channel MOSFET disconnects the USB port when the
AC adapter is installed. Alternately, the USB port and
AC adapter may be excluded from each other by
mechanical means, such as using a single connector.

USB-Powered Li+ Charger
The universal serial bus (USB) provides a high-speed
serial communication port, as well as power for the
remote device. The MAX8606 can be configured to
charge a battery at the highest current possible from
the host port. Figure 5 shows the MAX8606 as a USB
battery charger. To make the circuit compatible with
either 100mA or 500mA USB ports, the system software
begins at 100mA charging current. The microprocessor
then enumerates with the host to determine its current
capability. If the host port is capable, the charging cur-
rent is increased to 475mA to avoid exceeding the
500mA USB specification.

10

Vi STATUS
INDICATORS
R3
USB/AC-ADAPTER 100k
OVP UP TO 14V N e
o POK
47uF "¢~ 1 GND

WAXI

VL MAX8606 =
cs L] 135V T0 +4.2V

4.7uF
— | =
W BAT
THM
N
+
SETI NTC
R1 =
23.58kQ
Figure 3. Stand-Alone Application
Layout and Bypassing

Place the input capacitor as close to the device as pos-
sible. Provide a large copper ground plane to allow the
exposed paddle to sink heat away from the device.
Connect the battery to BAT as close to the device as
possible to provide accurate battery voltage sensing.
Make all high-current traces short and wide to minimize
voltage drops. A sample layout is available in the
MAX8606 evaluation kit to help speed designs.

Chip Information

PROCESS: BICMOS
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USB/AC Adapter, Li+ Linear Battery Charger
with Integrated 50mQ Battery Switch in TDFN

Q1
+5V AC-ADAPTER IRF7534D1 SYSLDO
INPUT
SY§ ﬁm OUTPUT
; :
e BT
R3 iF 60 aaxim
10kQ = MAX8606
THM
— Vsys Py
CHG
_ POWER-OK
VL
o ] POK OUTPUT
0.1pF ::[:
= 0N CHARGE-CURRENT
o SELECTION
SETI o EN2 INPUTS
TR
R1
235840 JT_
Figure 4. USB Application with AC Adapter
SYS L 4
3
4.7uF
VBUS oI BAT [+ =
oL -

42vL
] E GND - _maxim Viio

waxseos M
_ — R
CHG 100kQ SYSTEM
W L 2 A d

_I:T_ VL _I_ C4
C2 0w

O.mFI p—
USB PORT = N |

SETI o e |
TMR Vijo
R1
23.58kQ JT_ R3 AAA
100kQ

D+

o
A A

Figure 5. USB Charger Application
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MAX8606

USB/AC Adapter, Li+ Linear Battery Charger
with Integrated 50mQ Battery Switch in TDFN

Package Information

(The package drawing(s) in this data sheet may not reflect the most current specifications. For the latest package outline information,
go to www.maxim-ic.com/packages.)
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TME PACKAGE OUTLINE, 6,8,10 & 14L,
TDFN, EXPOSED PAD, 3x3x0.80 mm
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COMMON DIMENSIONS
SYMBOL [ MIN. | MAX.
A 0.70 0.80
D 2.90 3.10
E 2.90 3.10
AL 0.00 0.05
L 0.20 0.40
k 0.25 MIN.
A2 0.20 REF.
PACKAGE VARIATIONS
PKG. CODE N D2 E2 e JEDEC SPEC b [(N2)-11x e | "2 owen
T633-1 6 1.50+0.10 | 2.30£0.10 | 0.95BSC MO229 / WEEA 0.40+0.05 1.90 REF NO
T633-2 6 1.50+0.10 | 2.30+£0.10 | 0.95 BSC MO229 / WEEA 0.40+0.05 | 1.90 REF NO
T833-1 8 1.50+0.10 | 2.30£0.10 | 0.65 BSC MO229 / WEEC 0.30+0.05 | 1.95 REF NO
T833-2 8 1.50+0.10 | 2.30£0.10 | 0.65 BSC MO229 / WEEC 0.30+£0.05 | 1.95 REF NO
T833-3 8 1.50+0.10 | 2.30£0.10 | 0.65 BSC MO229 / WEEC 0.30+0.05 | 1.95 REF YES
T1033-1 10 1.50+0.10 | 2.30£0.10 | 0.50 BSC | MO229 /WEED-3 | 0.25+0.05 | 2.00 REF NO
T1433-1 14 1.70+0.10 | 2.30£0.10 | 0.40 BSC e 0.20+0.05 | 2.40 REF YES
T1433-2 14 1.70+0.10 | 2.30£0.10 | 0.40 BSC e 0.20+0.05 | 2.40 REF NO

1. ALL DIMENSIONS ARE IN mm. ANGLES IN DEGREES.

2. COPLANARITY SHALL NOT EXCEED 008 mm

3. WARPAGE SHALL NOT EXCEED 0.10 mi

4. PACKAGE LENGTH/PACKAGE WIDTH ARE CONSIDERE) AS
SPECIAL CHARACTERISTIC(S).

5. DRAWING CONFORMS TO JEDEC M0229, EXCEPT DIMENSIONS "D2" AND "E27, ED

6.

7.

AND T1433-1 & T1433-2. DALLAS s /AKX /M

“N" IS THE TOTAL NUMBER OF LEADS.

" NUMBER OF LEADS SHOWN ARE FOR REFERENCE ONLY. TME: pACKAGE OUTLINE, 6,8,10 & 14L,
TDFN, EXPOSED PAD, 3x3x0.80 mm
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Maxim cannot assume responsibility for use of any circuitry other than circuitry entirely embodied in a Maxim product. No circuit patent licenses are
implied. Maxim reserves the right to change the circuitry and specifications without notice at any time.
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