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Data Sheet

Li-ion/Li Polymer Linear Battery Charger

The ISL6291 provides a low-cost integrated charger solution
for single-cell Li-ion and Li Polymer rechargeable batteries.
No external pass element, current sensing resistor, or
reverse blocking diode is required with this solution.

The ISL6291 is a constant-current (CC)/constant-voltage
(CV) charger. The constant charge current is programmable
up to 2.0A with an external signal resistor. An internal
trimmed current-sense circuit guarantees 10% accuracy,
with no bulky external current-sense resistor. The constant
voltage is either 4.1V or 4.2V. The charger always
preconditions the battery with 1/10 of the programmed
charge current at the beginning of a charge cycle, until it
verifies that the battery can be fast-charged. A safety timer
prevents over-charging a dead battery. The charging
terminates as the charge current falls below the
programmed minimum current during the CV mode. The
charger automatically re-charges the battery when the
battery voltage drops below a recharge threshold. A simple
interface with an NTC thermistor avoids charging the battery
outside a programmable temperature window. A thermal-
foldback feature of the ISL6291 guarantees safe operation
when the printed circuit board space is limited for thermal
dissipation. The charger reduces the charge current
automatically, as the internal temperature rises above a
preset level, to prevent further temperature rise.

When the wall adapter is not present, the ISL6291 draws
less than 1pA current from the battery. Two logic outputs
provide the charging status and fault information, and an
easy interface to system logic. A V2P8 pin outputs a 2.8V
reference voltage that can be used to bias other circuits, or
as an indication for the adapter presence.

The ISL6291 is packed in a thermally enhanced 5x5 QFN
package. See the Technical Brief TB389 given in the
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Features

* Integrated Linear Pass Element

 Integrated Charge Current Sensor

« No External Reverse Blocking Diode Required
* 1% Voltage Accuracy

* Programmable Current Limit Up to 2.0A

« Programmable End-of-Charge Current

e Trickle Charge an Over Discharged Battery

¢ Charge Current Thermal Foldback

¢ Simple Interface for Low-Cost Thermistor

* Accepts USB Bus Power

* Ambient Temperature Range: -20°C to 70°C

» Thermally-Enhanced 5x5 QFN Package (634 = 33°C/W)

Applications

¢ Handheld Devices
Cell Phones

e PDAs

Stand-Alone Chargers

* USB Bus-Powered Chargers

Related Literature

« Technical Brief TB363 “Guidelines for Handling and
Processing Moisture Sensitive Surface Mount Devices
(SMDs)”

¢ Technical Brief TB389 “PCB Land Pattern Design and
Surface Mount Guidelines for QFN Packages”
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Block Diagrams
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Typical Application
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Absolute Maximum Ratings

Supply Voltage (VIN) . ... .o 13.5V Thermal Resistance 03A (°ciw)

Signal Input Voltage (EN, TOEN) . ...................... 3.3V QFN Package (Notes 1,2). . ... ... 36

ESD Rating Maximum Junction Temperature (Plastic Package) . .. ..
Human BOdy Model (Per MIL-STD-883 Method 30157) ..... 1kV Maximum Storage Temperature Range ______
Machine Model (Pel’ EIAJ ED-4701 Method C'lll) ....... 200V Maximum Lead Temperature (So|dering 105) .............

Thermal Information

Recommended Operating Conditions

Ambient Temperature Range. . .. ....
Supply Voltage, VIN. . ... ..........

........... -20°C to 70°C
............ 4.35V to 10V

03¢ (°CIW)

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation of the
device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

NOTE:

1. 634 is measured in free air with the component mounted on a high effective thermal conductivity test board with “direct attach” features. See

Tech Brief TB379.

2. For 03¢, the “case temp” location is the center of the exposed metal pad on the package underside.

Electrical Specifications Typical Values Are Tested at 25°C and 5V Input, Maximum and Minimum Values Are Guaranteed Over 0°C to
70°C Ambient Temperature with a Supply Voltage in the Range of 4.35V to 10V, Unless Otherwise Noted.

PARAMETER

SYMBOL TEST CONDITIONS

. MIN | TYP | MAX | UNITS

POWER-ON RESET

Rising VIN Threshold - 3.9 4.3 \%
Hysteresis - 160 - mV
STANDBY CURRENT

VBAT Pin Sink Current IstanDBY | VIN < VBAT - - 1 pA
VIN Pin Supply Current IvVIN VIN > VBAT and EN = floating - 1 - mA
VOLTAGE REGULATION

Output Voltage VcH ISL6291-1 4.059 4.10 4.141 \Y,
Output Voltage VcH ISL6291-2 4.158 4.20 4.242 \Y
Dropout Voltage (Note 3) VDbRroP VBAT = 4.2V, charge current = 0.5A - - 250 mV
CHARGE CURRENT

Constant Charge Current (Note 4) IcHARGE | RIREF = 80kQ, VBAT = Vcy - 100mV 0.9 1.0 1.1 A
Trickle Charge Current ITRICKLE - 100 - mA
End-of-Charge Threshold IEOC RimiN Pin = 80kQ - 100 - mA
RECHARGE THRESHOLD

Recharge Voltage Threshold VRECHRG |ISL6291-2 - 4.00 - \%
Recharge Voltage Threshold VRECHRG | ISL6291-1 - 3.90 - \
TRICKLE CHARGE THRESHOLD

Trickle Charge Threshold Voltage VMIN | - ’ 3.0 ‘ - \%
TEMPERATURE MONITORING

Low Battery Temperature Threshold VTMIN V2P8 = 2.8V 1.33 1.40 1.47 \
High Battery Temperature Threshold VTMAX 0.252 | 0.280 | 0.308 \
Battery Removal Threshold VRMV - 2.10 - \Y
Charge Current Foldback Threshold (Note 3) TrOLD 85 100 115 °C
Current Foldback Gain GroLD - 40 - mA/°C
OSCILLATOR

Oscillation Period | Crime = 15nF 21 | 3 | 39 | ms
LOGIC INPUT AND OUTPUT

Logic Input High 2.0 - - \%
Logic Input Low - - 0.8 \%
STATUS/FAULT Sink Current Pin Voltage = 0.8V 5 - - mA

NOTES:

3. Guaranteed by design, not tested.

4. The actual current may be affected by the thermal fold-back or the dropout voltage.
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ISL6291

Functional Pin Description

VIN (Pin 1, 15, 16)
VIN is the input power source pin that is connected to a wall
adapter.

FAULT (Pin 2)

FAULT is an open-drain output indicating fault status. When
a fault condition occurs, this pin is pulled to LOW.

STATUS (Pin 3)

STATUS is an open-drain output indicating charging and
inhibit states. During any charge mode, this pin is pulled to
LOW.

TIME (Pin 4)

Connect a timing capacitor Cyg between this pin and
GND. The internal oscillator, as shown in the Block Diagram,
charges and discharges the timing capacitor between 0.5V
and 1.5V with 10uA current. The oscillation period can be
found as:

6
Tosc =02-10"-Cqiue (seconds)

A 22-stage binary counter increments each oscillation period
to set up the TIMEOUT interval. The TIMEOUT interval can
be calculated as:

Crime
1nF

TIMEOUT = 2%%. T 14- (minutes)

When the fast charge takes longer than the TIMEOUT
interval, or the Trickle charge time exceeds 1/8 of the

TIMEOUT interval, the charger issues a TIMEOUT fault
status and stops charging.

The oscillator also provides a time reference for the charger.

GND (Pin 5)
GND is the connection to system ground.

TOEN (Pin 6)

TOEN is the TIMEOUT enable input pin. Pulling this pin to
LOW disables the TIMEOUT charge-time limit for the fast
charge modes. Leave this pin floating to enable the
TIMEOUT limit. An internal 10pA pull-up circuit pulls this pin
up to a 2.8V internal reference. The trickle mode always has
the 1/8 TIMEOUT limited charge time regardless of this
input. When a TIMEOUT fault is issued, the charger is
latched. The only way to enable the charger again is to cycle
the input power, or to toggle the EN pin.

EN (Pin 7)
EN is the CMOS logic input. Leave this pin floating to enable

the charger. This pin is pulled up to the internal 2.8V
reference via a 10pA current source.

V2P8 (Pin 8)

V2P8 is a 2.8V reference voltage output. V2P8 pin outputs a
2.8V voltage when the input voltage rises above the POR
threshold and outputs zero voltage otherwise. This pin can
be used as an adapter presence signal. A 0.1uF Ceramic
capacitor is recommended for decoupling purposes. This pin
can be used to bias other circuits with a maximum current of
2mA.

IREF (Pin 9)

IREF is the programming input for the constant charge
current. Connect a resistor R|rgr (see the Typical
Application) to this pin. The voltage of this pin is regulated to
a 0.8V reference voltage. The charging current during the
constant current mode charge is 100,000 times of the
current in the RjrgF resistor. The charging current in the
constant current mode can be found as:

\ 5
= 100000.RRi: 08V ;10 (A)

IREF R
IREF RIReF

where VRgg is the 0.8V reference voltage.

IMIN (Pin 10)

IMIN is a programmable input for the end-of-charge current.
The pin voltage is also regulated at 0.8V. The end-of-charge
current can be found as:

\ 4
i = 10000 . —REF_ 0.8V g (A)

IMIN - RimIN

TEMP (Pin 11)

TEMP is an Input for an external NTC thermistor. As shown
in the Block Diagram, two comparators forms a window
comparator with its low and high thresholds set by V1pmin
and V1uax respectively. When the voltage on the TEMP pin
is outside the window, the charger stops. When the TEMP
pin voltage falls back into the window, the charger starts a
new charge cycle. The V1N and V1pax voltage is
determined by the internal resistor divider, as shown in the
block diagram. See “Battery Pack Temperature Monitoring”
for more information.

The TEMP pin is also used for battery removal detection. It
is assumed that the thermistor is co-packed with the battery.
When the charger sees a TEMP pin voltage that is 2.1V or
higher, it assumes that the battery is removed. When a
battery is removed, a FAULT signal is indicated and
charging is halted. When a battery is inserted again, a new
charge cycle starts.

VBAT (Pin 12, 13, 14)

VBAT is the connection to a battery. Typically a 10uF
Tantalum capacitor is needed for stability when no battery is
attached to this pin. When a battery is connected, however,
no capacitor is required for stability. A 0.1uF ceramic
capacitor is recommended for decoupling.

5 intersil



ISL6291

Description

Initialization

The ISL6291 initializes as the input voltage rises above the
power-on-reset (POR) threshold. Once the input voltage
reaches the POR level, the V2P8 pin outputs a 2.8V voltage.
This output voltage can be used as an adapter presence
indication and to bias the thermistor circuit. The POR takes
about 200us. During the POR, the STATUS pin outputs a
logic HIGH signal, and the FAULT pin outputs a logic LOW
signal.

Operation States

Immediately after the POR, the charger enters a charge
state. A charge state always cycles through a trickle mode, a
constant-current mode, and a constant voltage mode, as
shown in Figure 1. If the battery completes a charge cycle
without a fault, the operation moves to the inhibit state,
waiting for the battery to be discharged to start another
charge cycle. Two types of fault may occur during a charge
cycle, namely, a TIMEOUT fault or a temperature fault (refer
to Functional Pin Description on TIME, TOEN, and TEMP
pins). If a fault occurs during the charge modes, the
operation enters the fault state. The charger is in a standby
state when the adapter is removed, or the EN pin of the IC is
pulled to LOW. In the standby state, the charger IC draws
less than 1uA current from the battery. The two open-drain
pins, STATUS and FAULT, indicate the operation states of
the charger (see Table 1).

TABLE 1. STATUS INDICATIONS

FAULT | STATUS INDICATION
HIGH HIGH Charge completed with no fault (Inhibit) or
Standby
HIGH LOW Charging in one of the three modes
LOW HIGH Fault

*Both outputs are pulled up with external resistors.

The charger starts a new charge cycle when a wall adapter
is plugged in, a new battery is inserted, a battery voltage
drops below the re-charge threshold, a temperature fault
ends, or the EN pin is toggled from LOW to HIGH.

Trickle Charge Mode

A charge cycle always starts with the trickle charge mode.
The trickle charge mode is to pre-condition the battery and
prepare it for the fast charge (constant current or constant
voltage charge). It is not recommended to fast charge a
Li-ion battery when the battery is deeply discharged,
indicated by a low battery voltage. When the ISL6291 sees a
battery voltage lower than the V) given in the Electrical
Specifications, it forces 1/10 of the current in the constant
current mode into the battery. The charger stays in the trickle
mode until the battery voltage is above V) for 15
consecutive oscillation cycles (Togc). The 15-cycle delay is
to avoid entering the constant current mode accidentally,
caused by any transient voltage spike on the battery pack
terminals. The charge time for the trickle mode is limited to
1/8 of the TIMEOUT interval (see TIME pin description and
Figure 1). If the trickle charge time takes longer than 1/8 of
the TIMEOUT interval, a TIMEOUT fault is issued and the
charger is latched. The minimum trickle charge time is 15
Tosc, and the maximum time is 1/8 TIMEOUT. During the
trickle mode, the STATUS pin is set to logic LOW, and the
FAULT pin is set to logic HIGH.

Constant Current Charge Mode

The battery is charged with a constant current programmed
by the IREF pin resistor (see IREF pin description) during
the constant current mode. The constant current is trimmed
to 10% accuracy. The battery voltage rises towards the
charge termination voltage Vcy in this mode. The constant
current mode ends when the battery voltage reaches V.
The internal clock counter limits the maximum time for the
constant current mode to the TIMEOUT interval. The counter
is reset at the beginning of the this charge mode. If the
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FIGURE 1. MODES OF OPERATION
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ISL6291

charge time exceeds the TIMEOUT interval, a fault is issued
and the charger is latched. The charger then enters the Fault
state.

The TIMEOUT limit is disabled when the TOEN pin is pulled
to LOW (see TOEN pin description for more information).
During the constant current charge mode, the STATUS pin
remains LOW and the FAULT pin remains HIGH.

Constant Voltage Charge Mode

The ISL6291 regulates the battery terminal voltage at V¢ in
the constant voltage mode. As the battery continues being
charged, the charge current starts to decrease, as shown in
Figure 1. When the charge current drops to the minimum
value lyN, programmed by the IMIN pin, the charge cycle
completes. The total charge time for the constant current
mode and the constant voltage mode must not exceed the
TIMEOUT interval, unless the TOEN pin is pulled LOW;
otherwise, the charger also stops charging and indicates a
FAULT status. During the constant voltage mode, the
STATUS remains LOW and the FAULT remains HIGH.

Two versions of ISL6291 (see Ordering Information) are
available: a 4.1V termination voltage version, and a 4.2V
termination voltage version.

Inhibit State

The charger enters the Inhibit State once a normal charge
cycle completes. The ISL6291 then monitors the battery
voltage. Once the battery voltage falls below the VRecHRrG
threshold, a new charge cycle starts, as shown in Figure 1.
Both STATUS and FAULT are HIGH in this state.

Fault State

Two types of fault may occur during a charge cycle: the
TIMEOUT fault (refer to the TIME pin and the TOEN pin
description), and the temperature fault (see TEMP pin
description and the Battery Pack Temperature Monitoring
section). When a TIMEOUT fault occurs, the charger is
latched. The latch is released only by recycling the input
power or toggling the EN signal. When a temperature fault
occurs, the charger is reset and a new charge cycle starts
when the temperature fault ends. In case of a fault, the
FAULT pin indicates a logic LOW and the STATUS pin
outputs a logic HIGH.

Standby State

The charger is in the Standby State when the EN pin is held
LOW or the wall adapter is removed. The charger draws less
than 1pA of standby current when the adapter is removed.

Timing Diagram

Figure 2 summarizes the operation of the charger and the
key signals after an adapter is attached to the charger input.
No fault occurs in this diagram and the EN pin is assumed
not connected to logic LOW.

Internal Current Sensing

A 100,000:1 current mirror is employed to sense the current
in the pass element, as shown in the Block Diagram. The
current mirror is trimmed to 10% accuracy. The second
mirrored output, represented by Isgn2 in the block diagram,
is used to compare with the IMIN pin current to determine
the end-of-charge condition.

Z/
VIN L
[~ POR Threshold
V2P8
Charge Cycle Charge p—
A Cycle
STATUS
200us
FAULT POR & 15 Cycles to
1/8 TIMEOUT
L/ ‘ N\~
VBAT ] | VRecHrRG — 15 Cyal
30V Vy, yeles
|
|
lcHarGE |
1
t ottt t, ot ot ty

FIGURE 2. TIMING DIAGRAM AFTER AN ADAPTER IS
ATTACHED TO THE CHARGER INPUT

Charge Current Control

The charging current in the pass element is controlled by the
current amplifier CA, as shown in the Block Diagram. The
CA, the pass element, and the 100,000:1 current mirror form
a control loop. During a trickle charge mode or a constant
current charge mode, the control reference to the loop is the
reference current Ig. The voltage amplifier VA does not
affect the loop operation because the battery voltage is
lower than the charge termination voltage V¢ so that the
voltage amplifier output is blocked by the diode connecting
to the current reference. If the charge current in the PMOS
pass element is too high, its mirrored output is higher than
the reference Ig. The non-inverting input of the current
amplifier has a higher voltage than the inverting input so that
the current amplifier output increases, reducing the gate-to-
source voltage of the PMOS pass element. The current in
the pass element thereby reduces. If the charge current is
too low, the current amplifier output reduces to force the
current to increase.

During the Trickle mode charge, the current reference
typically equals 1/10 of the current in the IREF pin. During
the constant current mode, the reference current equals the
current in the IREF pin.

If the temperature inside the IC rises above a typical value of
100°C, the current source block starts to reduce the
reference current IR at a rate of 0.4uA/°C for every degree of
temperature rise.
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ISL6291

Charge Termination Voltage Regulation

As the battery voltage rises to the 4.1V or 4.2V termination
voltage, the voltage amplifier starts to output positive voltage
and to source current. This current partially cancels the
current of the reference current IR to reduce the charge
current. If the battery voltage increases further due to the
charging, the voltage amplifier increases its output current to
reduce the equivalent reference current. As a result, after
the battery voltage reaches the termination voltage, the
charge current starts to decrease.

As the charging current drops to the end-of-charge current
level programmed by the IMIN pin, the charge stops. The
large voltage control loop gain guarantees that the battery
voltage is regulated within the 1% error specification.

Internal Thermal Management

The temperature rise of a linear charger is always a concern
in real applications. The temperature rise is caused by the
power dissipation of the charger. Maximum power
dissipation occurs when the battery is charged in the
constant current mode. The advanced thermal management
function of the ISL6291 frees users from the temperature
rise concern. The ISL6291 adopts a current-foldback
technique against the temperature rise. Under normal
operation, the ISL6291 charges the battery with the
programmed IRgg. If the internal thermal monitoring circuit
detects 100°C temperature in the IC, it starts to reduce the
charge current to prevent further temperature rise. The gain
for the current-foldback is 40mA/°C (or 0.4uA/°C for the
reference current Ig) after the internal temperature reaches
100°C; therefore, for a charger with the constant charge
current set at 1A, the charge current is reduced to zero when
the internal temperature rises to 125°C. The actual internal
temperature should settle between 100°C to 125°C,
depending on the operating conditions, if the temperature
does rise above 100°C.

Battery Pack Temperature Monitoring

The ISL6291 uses two comparators to form a window
comparator. Figure 3 shows the internal circuit. When the
TEMP pin voltage is “out of the window,” as determined by
the Vmin and VTpmax. the charging is stopped. The two
MOSFETSs, Q1 and Q2, produce hysteresis for both upper
and lower threshold. Figure 4 shows all the critical voltage
levels and the output of the two comparators versus the
TEMP pin voltage.

The external thermistor circuit is shown in Figure 3. The NTC
thermistor Ry requires a pull-up resistor Ry to form a
resistive divider. Ry should be pulled up to the 2.8V V2P8
pin. Assume the resistance of the NTC thermistor is Rty at
the high temperature limit, and is Ry at the low limit. It can
be shown that:

RrL = 9-Ryy

Select an NTC thermistor whose resistance value satisfies
the above equation. A curve-1 NTC thermistor from Vishay is
a good candidate for this application. If a thermistor does not
meet this requirement, using a resistor in parallel or series
with the thermistor may solve the problem. Once the
thermistor is selected, the pull-up resistor should be chosen
as:

R, =R

U TL
1ISL6291
Under V.
TMIN
Temp CP1
—
To TEMP Pin
Over Ry
&
— <

FIGURE 3. THE INTERNAL AND EXTERNAL CIRCUIT FOR THE
BATTERY PACK TEMPERATURE MONITORING

2.8V

Vomin (1-4V)

Vo, (12V)— — — — (I

TEMP
Pin T =
Voltage

Vimaxs (0.33V)— — — — — - == ==\
Vimax (0-28V)

ov

Under
Temp

Over L
Temp

FIGURE 4. CRITICAL VOLTAGE LEVELS FOR TEMP PIN

If a parallel or series resistor is used, the Rt value is the
combined value at the low temperature limit. The
temperature hysteresis can be calculated once the thermistor
is selected. The typical hysteresis is about 3°C to 5°C.
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Battery Removal Detection

The ISL6291 assumes that the thermistor is co-packed with
the battery and is removed together with the battery. When
the ISL6291 sees a voltage of 2.1V or higher on the TEMP
pin, it assumes that the battery is removed. When the battery
is removed, the charger stops and indicates a fault signal. A
new charge cycle starts when a battery is inserted again.

Output Capacitor Coyt

Cour is typically a 10pF Tantalum capacitor if the charger is
required to operate with no battery attached. For embedded
battery applications, there is no requirement for a capacitor if
the battery is placed close enough to the charger output. It is
recommended, however, that the charger have at least a
0.1uF ceramic capacitor at the charger output for decoupling
purposes.

Input Capacitor Cy

Cin is typically a 10uF Tantalum capacitor or 1uF Ceramic
capacitor.

Stability

The charger is stable with a wide range of external
components, including the typical external components.
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notice. Accordingly, the reader is cautioned to verify that data sheets are current before placing orders. Information furnished by Intersil is believed to be accurate and
reliable. However, no responsibility is assumed by Intersil or its subsidiaries for its use; nor for any infringements of patents or other rights of third parties which may result
from its use. No license is granted by implication or otherwise under any patent or patent rights of Intersil or its subsidiaries.

For information regarding Intersil Corporation and its products, see www.intersil.com
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