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LM3621 Single Cell Lithium-lon Battery Charger Controller

Check for Samples: LM3621

FEATURES

e Automatic End-of-Charge Control

e Preset or User Adjustable Charge Current
Regulation

e LED Drivers for Charging Status and Fault
Indication

« Battery Self-Discharge Refresh (Maintenance)

e Overvoltage/Overcurrent Fault Detection and
Protection

» Defective Battery Pack Detection

e Charge Current Boost Control for Cellular
Phone Applications

e Charge Interruption Control Input

APPLICATIONS

» Complete, Full Function, Protected Battery
Charger for Coke or Graphite Anode, Single
Cell Lithium-lon Battery Packs

» Linear Voltage Regulator Controlled Chargers

» High Efficiency Switching Regulator
Controlled Chargers

» Cost Effective Wall Adapter Chargers

KEY SPECIFICATIONS

e Tight Output Voltage Accuracy (x0.5% at
Ta =25°C)

e Two Selectable Output Voltages (4.2V or 4.1V)

e Less than 1 pA Current Drain from Fully
Charged Battery

» Preconditioning Severely Discharged Cells
(OV to 2.55V)

DESCRIPTION

The LM3621 is a full function constant voltage,
constant current (CVCC) lithium-ion (Li+) battery
charger controller. It provides 1% regulation accuracy
over the specified temperature range without
requiring the use of external precision resistors. The
IC controls five charge modes: conditioning, fast, top-
off, monitor and maintenance. In addition, the
LM3621 detects and flags defective batteries as well
as over current and over voltage fault events. The
architecture of the IC is based on high gain constant
voltage and constant current control loops.

The LM3621 is designed to control a switching
charger, a linear charger or an off-line ac adapter
charger.

The LM3621 consists of a logic controller, precision
bandgap reference, wide bandwidth
transconductance error amplifiers, comparators, and
an output buffer. The LM3621 is available in a 16-pin
SOIC package and is specified over the range of 0°C
to 70°C.

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

All trademarks are the property of their respective owners.

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of the Texas
Instruments standard warranty. Production processing does not
necessarily include testing of all parameters.
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Typical Application
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Figure 1. 1A, 4.1V CVCC Linear Charger for Graphite Anode Lithium-lon Battery
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Figure 2. 16-Lead SOIC - Top View
Package Number M16A

PIN DESCRIPTIONS

Pin No. Symbol 1/0 Description
1 Veatt | Battery pack high side sense input.
2 VeaT— | Battery pack low side sense input.
3 CSR | Current Sense Resistor high side input.
4 PFD O Pass FET gate Drive output. (N-channel).
5 Icomp | Compensation pin for current regulation loop.
6 MCO O Modulation Control Output- analog control signal output
7 Vcowmp | Compensation pin for voltage regulation loop.
8 IseT | Charge current adjust input pin (see APPLICATION INFORMATION section).
9 VseT | Charge termination voltage control input (Vsgt = HI for 4.2V or Vger = LO for 4.1V).
10 LED1 O LED driver #1 output (open drain).
11 LED2 O LED driver #2 output (open drain).
12 Chgint I Charge current interrupt (active LO).
13 Enable | Enable charge cycle control.
14 Boost | Maximum output current boost control (max output current increased by 80%).
15 Vss S IC common.
16 Vpp S IC power supply.
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A These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
‘Y '\ during storage or handling to prevent electrostatic damage to the MOS gates.

ABSOLUTE MAXIMUM RATINGS®W®

Supply Voltage, Vpp 6.0V
All pins -0.3V <V <Vppt+0.3V
Power Dissipation 100 mV
ESD Susceptibility ® 2kv
Junction Temperature 150°C
Storage Temperature -65°C to +150°C
Lead Temperature, soldering Vapor Phase (60 sec) +215°C

Infrared (15 sec) +220°C

(1) Absolute Maximum Ratings indicates limits beyond which damage to the device may occur. Operating ratings indicate conditions for
which the device is intended to be functional, but device parameter specifications may not be ensured under these conditions. For
ensured specifications and test conditions, see the Electrical Characteristics.

(2) If Military/Aerospace specified devices are required, please contact the Tl Sales Office/ Distributors for availability and specifications.

(3) ESD rating is based on the human body model, 100 pF discharged through 1.5 kQ.

OPERATING RATINGS

Ambient Temperature Range

0°C < T, £ 70°C

Supply Voltage Range®

3.0V € Vpp < 5.5V

(1) LM3621 requires a minimum Vpp of 3.4V to start-up. After start-up, the operating range is 3.0V to 5.5V.

ELECTRICAL CHARACTERISTICS

Vpp = 4.2V unless otherwise specified. Specifications with standard type face are for T, = 25°C, and those with boldface
type apply over full operating temperature range.

Symbol Parameter Conditions Min Typ Max Units
Vout Battery Regulation Voltage® o 4.18 4.2 4.22 \Y
Charge termination voltage for Vgt = Hl

4.16 4.24 \Y
L 4.08 4.1 4.12 Y,
Charge termination voltage for Vggt =LO
4.06 4.14 \%
Battery conditioning (Hi-Z) charge mode,
LM3621M-3.0 2.95 3.1 3.25 \Y
Battery conditioning (Hi-Z) charge mode,
LM3621M 4.05 4.1 4.15 \Y
Monitor Mode float voltage for Vgt = HI 4.05 4.09 4.13 \%
Monitor Mode float voltage for Vggr = LO 3.80 3.85 3.90 \%
Vesr Charge (Cz:)lg)rent Regulation Fast Charge Mode 0.475 0.5 0.525 \%
Voltage Conditioning (Hi-Z) Charge Mode 0.04 0.05 0.06 v
Boost Mode 0.855 0.9 0.945 \%
Vgat-Det | Battery Vo(l};a\ge Detection Overvoltage Fault Threshold for Vggr = HI 4.28 4.40 4.50 \
Threshold _
E)(\;ervoltage Fault Threshold for Vggt = 418 430 4.40 v
Battery Resistance Free Voltage
Threshold 3.55 3.65 3.75 \Y
Conditioning (Hi-Z) Charge Mode 2.45 2.55 2.65 \4
Threshold 2.40 2.70 Y,
(1) Vour is measured between Vgat+ and CSR.
(2) Vcsr is measured between CSR and Vsg (across the current sense resistor).
(3) No external voltage applied to Is pin; a 100 pF capacitor is connected across lget and Vgs.
(4) Vpat-Det is measured between Vgat+ and Vgat—.
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ELECTRICAL CHARACTERISTICS (continued)

Vpp = 4.2V unless otherwise specified. Specifications with standard type face are for T, = 25°C, and those with boldface
type apply over full operating temperature range.

Symbol Parameter Conditions Min Typ Max Units
Vcsr-Det | Charge Current Volt?s (es) End of charge threshold 40 mV
Detection Threshold Over Current Fault Threshold 0.95 1 1.05 \%
1Q Quiescent Current Standby Mode with Igyr = 0 mA 3 5 mA
lout MCO Output Source Current Vuco = 1.0V 20 mA
Vuco Maximum MCO Output Voltage | loyt =1 mA, Vpp = 5.5V 4.9 \
loutr =1 mMA, Vpp = 3.0V 2.9 \%
GM-V V-Reg Loop Error Amp
Transconductance 01 mAV
s ew-V V-Reg Loop Error Amp Slew 100 LA
Current
GM-I I-Reg Loop Error Amp
Transconductance 1 mAV
s ew-! I-Reg Loop Error Amp Slew 200 LA
Current
Thr 1 Hour Timer 55 60 65 min
ILkg-0 Battery Load Current® Vpp = OV 1 10 PA
l.kg-MM | Battery Load Current(® Monitor Mode 1 10 PA
VBsp Maximum Allowed Battery Self- | Vggr = HI 70 110 150 mV
Discharge ® _
Vger = LO 220 260 300 mvV
Gcsr Fast Charge Current Regulation _
Adjustment Transfer Ratio(® (0 Viser = 0.5V 0.90 0.93 0.96 VIV
| LED1 & LED2 Driver Sink
LED Current Viep1 = Viep2 = 1.5V 20 mA
Vsuy Start Up Voltage 9 3.4 Y,
Vuvr Under Voltage Reset*? 2.2 Y,
Vpep-MAX | Maximum PFD Output Drive no DC load on PFD Vpp—0.2 \
Vpep-MIN | Minimum PFD Output Drive no DC load on PFD Vgs+0.1 \
V)L Logic Input Low @3 05 Y,
Viy Logic Input High*3 Vpp-0.5 Y,
Ibig Digital Input Leakage Current®3) -1 1 PA

(5) Vcsr-Det is measured between CSR and Vss (across the current sense resistor).

(6) This is the current drawn from the battery by the LM3621 when Vpp = OV.
(7) This is the current drawn from the battery by the LM3621 when the charger is in Monitor Mode.

(8) This is the maximum battery voltage droop that is allowed before the charger initiates a fast charge mode to refresh the battery to its full

charge capacity.
(9) The current regulation and detection levels can be set by applying a dc voltage adjusting between 0.1V to 1V to the Isgt pin without

changing the value of the current sense resistor. To ensure proper operation, if the default current regulation and detection values are

desired, then a capacitor of at least 100 pF should be connected from Isgt to Vgg (GND).
(10) Transfer ratio of Vcsr/Vset to adjust the fast charge current regulation level. See APPLICATION INFORMATION section.
(11) Minimum Vpp supply voltage required at start-up.
(12) The LM3621 goes to a shutdown or reset state during “brown out” (i.e., when Vpp < Vyyr)
(13) Digital inputs are Enable, Boost, Chgint and Vggt. To ensure proper operation, never allow any unused input pin to be left open.
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DEFINITION OF TERMS

Vout: Voltage measured between Vgar+ and CSR.
Vcsr: Charging current sense voltage measured between CSR and Vgg (Gnd).
VeatTERY: Battery terminal voltage measured between Vgat+ and Vga—.

ESR: The equivalent series resistance of a battery. The ESR is the purely resistive component of a battery's
impedance. Its value is usually determined by the battery construction.

RFV: The RFV (resistance free voltage, often called the float voltage) is the open circuit terminal voltage of a
battery which is free from the ESR voltage drop error.

Viger: External voltage applied to Isgt pin, measured between Isgr and Vgg, to override the default value of Vegg.
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TYPICAL PERFORMANCE CHARACTERISTICS
Unless otherwise specified, T, = 25°C)
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TYPICAL PERFORMANCE CHARACTERISTICS (continued)
Unless otherwise specified, T, = 25°C)

Fast Charge Current Regulation vs MCO Output Current, Charger Output Voltage Current Regulation Voltage vs
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BLOCK DIAGRAM
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Figure 11. LM3621 Simplified Block Diagram
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Enable \
— : Enable = HI initiates the charge cycle Voltage droop due to

battery self discharge
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Figure 13. Typical Charge Cycle Waveform (Vggr = HI)
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TRUTH TABLE FOR OPERATION OF LED DRIVERS (LED1 AND LED?2)

Input Conditions LED Outputs
Pack Boost Charge Current
Present? Defective Pack Mode? Battery . LED1 LED2
Charge Mode (Enable Detected? (Boost = Voltage® VS?;eZt(z) Timer Output | Output
=HI?) HI?) 9
Standby No X No X X X Open | Open
Drain Drain
Conditioning (Hi- Open
2) Yes NO X < 2.55Vv 0.05v < lhour Low Drain
L . Yes, Shorted
Cond't"’zr;'”g (Hi- Yes Battery or No X <255V 0.05V > Lhour Fz)“'g‘f_'?t gf’aeig
Capacity '
Fast Charge Yes No No > 255V > 40mV X Low CD’E;E
Yes, Open Pulse at Open
Fast Charge Yes Battery or High No RFV < 3.65V < 40mV X pe
0.8 Hz Drain
ESR
Top-Off Yes No No =4.2V <40 mV <1 hour 8?;2 Low
Monitor Yes No No > 4.09V 0 =1 hour Opgn Low
Drain
Boost X X Yes X X X Low Low
Pulse at | Pulse at
Fault Yes X X 2 4.4V X X 0.8 Hz 0.8 Hz
Pulse at | Pulse at
Fault Yes X X X 21V X 0.8 Hz 0.8 Hz
(l) Battery Voltage :VBAT+_ VBAT! VSET = HI
(2) Voltage across the current sense resistor connected between CSR and Vss.
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APPLICATION INFORMATION
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Figure 14. General Application Circuit

BATTERY CHARGER OPERATION INFORMATION

Figure 14 shows a general battery charger configuration using LM3621. The LM3621 provides all the necessary
control functions for charging Lithium-lon batteries precisely and safely. It features constant voltage and constant
current mode operation. The on chip timer provides all critical timing functions to properly initialize the charging
cycle, avoid over charging the battery above its maximum capacity level, and cut off charging to a defective
battery. The LM3621 also provides the high accuracy of output voltage regulation without requiring a trim pot or
precision resistors. A built-in power down switch prevents the battery from discharging through the LM3621.

INPUT SUPPLY VOLTAGE

The voltage supply to LM3621 must never exceed 6.0V or catastrophic damage may occur to the IC. When
power is first applied to the battery charger, the LM3621 will remain in a reset state until the voltage on the Vpp
pin exceeds 3.4V for at least one second. This ensures that the power source is stable before a charge cycle is
initiated. Figure 12 shows the state diagram for the charge cycle operation. Once the LM3621 emerges from the
reset state after power up, it will not go into the reset state again until the voltage on the Vpp pin drops below
approximately 2.2V. When the LM3621 is in the reset state, the PFD (Pass FET Drive) pin is pulled low so that
current is not allowed to flow into the load (e.g., Li+ battery). The LM3621 transitions from the reset state to
standby mode when the conditions for a stable power source are met.
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DIGITAL CONTROL INPUTS

The LM3621 has four digital input control pins: Enable, Boost, Vger and Chglint. To ensure proper operation,
never allow unused digital input pins to be left open circuited. Enable is used to initiate a charge cycle, Boost is
used to increase the maximum regulation current output, Vggr controls the maximum output voltage, and Chgint
is used to instantaneously interrupt (and resume) a charge cycle in progress.

CURRENT BOOST MODE

This mode is activated when the “Boost” pin is pulled high. The charger increases the maximum output current
equal to a Vcgg level of 0.9V. This mode of operation is overridden by a charge interrupt signal.

CHARGE INTERRUPT CONTROL

Charging is interrupted with the digital input “Chgint” pulled low. The PFD pin is pulled to ground turning off the
series low pass FET. This is useful to prevent charging a battery if, for example, the ambient temperature is
excessively high.

PROGRAMMABLE CHARGE TERMINATION VOLTAGE

The charging status for battery of graphite or coke anode is programmed with the digital input “Vggr”. Vger = LO
for a charge termination voltage of 4.1V, a float voltage of 3.84V and over voltage detection threshold (Vga-Det)
of 4.3V. Vge1 = HI for a charge termination voltage of 4.2V, float voltage of 4.09V and Vgar-Det of 4.4V.

DEFECTIVE PACK DETECTION

The LM3621 automatically checks for defective battery. Whenever a defective pack is detected, the charging
sequence is suspended and LED1 driver is pulsed at a rate of 0.8 Hz. A defective battery is indicated under
three conditions: (1) when a battery fails to charge up to 2.55V within one hour, (2) when the battery ESR plus
the contact resistance is excessive, and (3) when the pack is an open circuit.

STEP BY STEP DESCRIPTION OF A TYPICAL CHARGING SEQUENCE. (REFER TO Figure 13)
1. Standby Mode

The LM3621 will remain in standby while the digital inputs to the Enable and Boost pins are low. Boost
overrides Enable, and Boost mode may be activated at any time with two exceptions: (1) when a deeply
discharged battery (i.e., Vgatrery < 2.5V) is attached to the charger or (2) when Chgint has been activated
during a normal charge cycle. Both LED drivers pull low during Boost mode. During standby, the charger's
output voltage Vour is regulated to either 4.2V or 4.1V depending on the state of the digital input to the Vgt
pin (Vout = 4.2V when Vgt = high or Vout = 4.1V when Vger = low). PFD is low so the low side pass FET is
off. The LED driver pins are high impedance (open drain). TRUTH TABLE FOR OPERATION OF LED
DRIVERS (LED1 AND LEDZ2) shows the state of the LED drivers during various modes of operation.

2. Charging Sequence Initialization

The LM3621 determines the presence or absence of a battery pack by the state of the “Enable” pin. Enable
should be pulled low when the pack is not present. When a pack is inserted into the charger, Enable should
go high to initiate the charging sequence.

After Enable is asserted with a battery connected to the charger, LED1 goes low and there is a one-second
delay before current is allowed to flow into the battery. During this delay, the LM3621 checks the charge
condition of the battery to determine if it is grossly overcharged or if it is deeply discharged. If the battery is
grossly overcharged, PFD stays low keeping the low side pass FET off, and both LED drivers pulse at a
frequency of 0.8 Hz to indicate a fault condition. If the battery is less than 2.55V, the LM3621 goes to the Hi-
Z ( battery conditioning) charge mode. During the Hi-Z charge mode, Vgt is regulated to 4.1V, and the
voltage (Vcsr) across the current sense resistor (Res) is regulated to 50 mV. The LM3621 is capable of
charging a battery that has been discharged down to as low as 0V. This is accomplished by the fact that the
“ON?” resistance of the low side N-channel pass FET is modulated by the PFD output. This ensures that Vegg
stays constant at 50 mV regardless of what the battery voltage is, and it prevents the charger's regulation
loop from collapsing in the event that the charger's output is shorted. The LM3621 will remain in the Hi-Z
Charge mode for a maximum of one hour. If the battery voltage does not increase to at least 2.55V by the
end of the one-hour interval, then PFD goes low to turn off the low side pass FET and LED1 will pulse at 0.8
Hz to indicate a defective battery.
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3. Fast Charge Mode

The LM3621 will transition to Fast Charge mode whenever the battery voltage is above 2.55V. During Fast
Charge mode LED1 stays low and LED2 stays open drain, and the LM3621 controls the charger to behave
as a current limited, constant output voltage source to the battery. If the battery voltage is less than 4.2V (for
Vet = HI), the LM3621 controls the charger to behave as a constant current source. Vcgg is limited to 0.5V,
so the maximum charge current delivered to the battery is equal to 0.5V / Rcs. Once the battery voltage
reaches 4.2V, the LM3621 controls the charger to behave as a constant voltage source, and Vgyt is
maintained at 4.2V. As the battery continues to charge up, the charge current will decrease.
Correspondingly, Vcsg Will decrease as well.

The battery will continue to charge until Vqogg has decreased to 40 mV, at which time PFD pulls low to
interrupt the charge current for one second. At the end of the one second interval, the LM3621 checks to see
if the battery's Resistance Free Voltage (RFV) is greater than 3.65V or less than 3.65V. If the battery's RFV
is less than 3.65V, then the ESR of the battery is excessively high, PFD stays low to keep the charging
sequence suspended and LED1 pulses at 0.8 Hz to indicate a defective battery. If the battery's RFV is
greater than 3.65V, then the LM3621 transitions to Top-Off mode. At this transition, LED1 becomes open
drain and LED2 pulls low indicating a fully charged battery.

4. Top-Off Mode

During Top-Off mode, the battery is trickle charged for one hour. At the end of the one hour interval, PFD
goes low to terminate charging (i.e., the charge current is interrupted), and the LM3621 transitions to Battery
Monitor mode.

5. Monitor Mode

During Monitor mode, Vout drops to 4.09V (if Vger is high) or 3.84V (if Vger is low), and the battery is
floating. The LM3621 typically draws less than 1 pA from the battery during Monitor mode. If the battery self
discharges so that its voltage decreases to 4.09V (if Vgt is high) or 3.84V (if Vget is low), then the LM3621
will transition back to Fast Charge mode to refresh the battery and charge it back up to its full capacity
(Figure 12 & Figure 15). This process will continue until Enable goes low.

A 4.2V (Vgpr = HIGH)
v) =
4.1V (Vggr = LOW) BATTERY VOLTAGE

_l < 409V (Vsgr = HIGH)

3.84V (Vgpr = LOW)

_______________ w
> ()

TIME
Top-0ff Monitor Fast-Charge
|<_ Phase Phase Phase

Figure 15. Battery Refresh

FAULT PROTECTION

LM3621 provides redundant fault protection for a Li-lon battery pack. If the charger's control loop is accidentally
opened, the regulation voltage will begin to increase beyond the level that are safe for the battery. In order to
protect the battery from a fault condition, PFD goes low to turn off the series pass FET whenever the voltage
across the battery exceeds the over voltage detection threshold (Vgar-Det) or whenever Vgr exceeds 1V. A fault
condition also causes both of the LED drivers to pulse at 0.8 Hz. Enable must go low to cause the LM3621 to
transition from the Fault State to Standby mode.
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LOW CURRENT DRAIN OF BATTERY

If power is inadvertently removed from the battery charger, the voltage at the Vpp pin will collapse to the same
potential as the Vgg pin. An internal switch will disconnect the circuitry of the LM3621 from the Vgar+ pin so that
no more than 1pA (typical) of leakage current will be drawn from the battery.

ADJUSTABLE CHARGE CURRENT

The current sense resistor (Rcs) converts the charging current to a voltage level, Vcgr. Applying an external
voltage source (Vext) to the Iggr pin will adjust the value of Vcgg for Fast Charge current regulation.
Simultaneously the regulation level for Boost mode, Hi-Z Charge mode, End-of-Charge threshold and over
current detect threshold will also be adjusted accordingly. The voltage at Iser pin should be within the range of
1V = V e 2 0.1V. The transfer functions of Vcgg to V get are:

Fast Charge Mode,

Vesr = 0.933-Viger )

Hi-Z Mode,

Vegr = 0.083-V get 2

Boost Mode,

Vegr = 0.48-V ge110.65 (3)

Over Current Threshold,

Vegr = 0.36-V ger10.79 4)

End-Of-Charge,

Vesr = 0.07-Viger (5)
V= 1.23V

Vext 5,

Figure 16. Adjusting Vs by applying Vext to Isgt pin
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Figure 17. Charge Current Regulation (Vcggr) VS Isgt Voltage

1.2 0.12 g
® = S
: —| i
- — "k
> =2 L~ Over Current ==
= . 08 Fault Threshold 0.08 > o
Z 8 Vesg = 0.36%Ige + 0.79 _ L
Z 7. 06 - 0.06 2 -
° = // 5 %
s 3 o8
c % 04 0.04 8
= g"
‘—: 0.2 End of Charge Current || 0.02 i‘j
5 L~ Detect Threshold °
S) v Vesg = 0.07%Isgy =
0 0w

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Isgr Voltage (V)

Figure 18. Charge Current Detection (Vcsr) VS Iset Voltage
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