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SWITCHMODE LI-ION CHARGE CONTROLLER

HB6293

Features

® High-Accuracy Current Regulation PWM
Charger Suitable for 1-, or 2-Cell Li-lon
and Li-Polymer Battery Packs

® (0.5% Charge Voltage Accuracy

Programmable Charge Current Control

Constant Charge \oltage fine-tuned by

External Resistance

Intelligent Battery Detection

Integrated Soft Start

Switching Frequency 600KHz

LED Charge Status Outputs

Short Circuit Detection & Protection

Battery Charging Voltage Protection

20-V Absolute Maximum Voltage Rating

on IN Pins

® Charge Termination Time adjusted by
External Capacitance

® Operating junction temperature range:
-20°C~70°C

® MSOP-10 Package

Applications

® Handheld Products
® Charger
® Mobile Devices

Description

The HB6293 series are highly integrated
Li-ion and Li-polymer switch-mode charge
management devices targeted at a wide range
of portable applications. The HB6293 series
offers high-accuracy current and voltage
regulation, charge preconditioning, charge
status, and charge termination, in a small,
thermally enhanced MSOP-10 package. The
HB6293 charges the battery in three phases:
pre-charge, constant current and constant
voltage, constant current is decided by the
external resistance, and the constant voltage
can be fine-tuned by external resistance.
Protections of over voltage and short circuit
provide a safety backup for charge termination.
The HB6293 automatically restarts the charge
cycle if the battery voltage falls below an
internal threshold and enters sleep mode when
VCC supply is removed.
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Connection Diagrams

HB6293 MSOP-10 Package

—1— STAT1 VIRIM [-10-
—2— STAT2 ISET |9
-3+ VCC SNS -8
—4— GATE BAT |-7—
—5— GND TTC [-6—
Pin | Name 1/0 | Description
1 STAT1 | O (STATI) (STAT2) Description
Green Red
2 STAT2 | O OFF OFF Charge suspend, battery absent
OFF ON Charge-in-progress
ON OFF Charge complete
OFF 0.5Hz pulse | Fault condition(timer fault and overvoltage)
3 VCC | Input power pin
4 GATE |O Switch drive output
5 GND - Analog ground input
6 TTC - Connect a capacitor from this node to VSS to set the charge timer. When
this input is low, the timer and termination detection are disabled.
7 BAT | Battery voltage sense input &Charge current sense negative
8 SNS | Charge current sense positive
ISET | Charger current set point of pre-charge, constant current charge and
charge termination current. Use a resistor to ground to set this value
10 VTRIM | | Use a resistor to ground or to BAT pin to set constant voltage value

slightly
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Typical Application
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Recommended Operating Conditions

MIN | NOM | MAX UNIT
STAT1, STAT2, VCC 0 20 \
VCC-GATE 0 8 \%
\oltage range VTRIM, BAT, SNS 0 14 \%
ISET, TTC 0 6 \
SNS-BAT -0.2 0.2 \%
Operating junction temperature range 0 125 C
Electrical Characteristics
Typical values are Temp=25C VCC=10V
Parameter ‘ Symbol ‘ Conditions ‘ Min | Typ ‘ Max | Units
Input Currents
Vcc Supply Current lvee Switching Mode 10 mA
Battery discharge sleep | Is.p VCC<Vgar+250mV or 10 HA
current UVvLO
Voltage Regulation
Output voltage VoREG 1-Cell 4.2 \Y
2-Cell 8.4
\Woltage regulation -0.5% +0.5%
accuracy
Current Regulation
\oltage regulated across | Virec Fast Charge 100 mV
Rsns and Rjset=20k Q
Output current set | Viser 1 \V
voltage Viowwv<VBar<VoRrec
Output current set factor | Kiset 2000 V/IA
Pre-charge
\oltage regulated across | Vipre Pre-charge 20 mV
Rsns  Of  pre-charge and R;sg7=20k Q
detection
\oltage value for | Viowv 1-Cell \Y
pre-charge to fast charge 2-Cell
transition
Deglitch time for Rising Voltage 30 ms
pre-charge to fast charge
transition
Charge Termination
\oltage regulated across | Viterm Fast charge ‘ | 10 ‘ | mV
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Rsns of charge and Rise7=20k @

termination detection

Deglitch time for charge Both rising and falling 30 ms

termination voltages

\oltage regulated across | Vitape 20 mV

Rsns of charge

termination timing

Deglitch time for charge Falling voltage 30 ms

termination

TAPE termination timer | Ttape 1800 S

Battery Recharge Threshold

Recharge threshold | VrcH 1-Cell 4.1 \V

voltage 2-Cell 8.2

Deglitch time Falling voltage 30 ms

STAT1 and STAT2 Drive Outputs

Low-level output | lo Output voltage 0.5V 10 mA

saturation voltage,

STATX

TTC Input

TTC Timer multiplier Krre 4.66 H/10nF

Crrc Capacitor Crre 10 nF

TTC enable threshold | Vrc en Vyrcrising 200 mV

voltage

UVLO and Sleep Mode

IC active threshold | Vyvio VCC rising, 1-Cell 4.2 \V

voltage 2-Cell 8.4

IC active hysteresis Vhys 1-Cell 200 mV

2-Cell 400

Sleep Mode Vsipr VCC-Vpgar rising 400 mV
Vsipe VCC-Vgar falling 200

PWM

Switching frequency Fosc 600 kHz

Maximum duty cycle Dmax 98 %

Minimum duty cycle Dwmin 0 %

Battery Detection

Battery detection current | Ipetect Vear<VrcH 2 mA

during time-out fault

Discharge current IpiscHrG1 400 HA

Discharge time TbiscHre1 1 S

Wake current lwake 2 mA

Wake time Twake 0.5 S

Termination  discharge | Ipischre2 | Begins after 400 MA

current termination  detected
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Vear=<Vorec
Termination  discharge | TpiscHre2 250 ms
time
Protection
OVP threshold voltage Vove 117 %V orec
Short-circuit voltage | Vsuort BAT voltage falling, 2 \V
threshold, BAT 1-Cell

2-Cell 4
Short-circuit current lsHorT Vear<=VsHorT 25 mA
Thermal trip TtemP 125 C
Thermal hysteresis Thys 20
GATE Drive Output
Rising time Tr Ceare=2nF,10% to 20 ns

90%
Falling time Te Ceate=2nF,90% to 50

10%
Output clamp voltage | Vciamp \VVCC>8 VCC-7 Vv
level VCC<8 0

Typical Operating Performance
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Fig. 1 Switching Waveforms in Fast Charge Mode
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Fig. 2 Switching Waveforms in Constant Voltage Mode
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Operational Flow Chart

POR

-
Battery

Detected?

Check for battery Presence?

N

\_ndicate BATTERY ABSEN

Vear<Viowv

A
Pre-charge

and start timer

[ Pre-charge w
» <

N
l

Y
Reset and Start
FSTCHG timer

A 4

J

ccicv ]

P

Indicate charge-in-progress

Yes

No

FSTCHG Timer Yes

Expired?

Vear<Viowv

lerm detection?

Turn off charge; Enable

Inischre? for Toiscrre?

—

Indicate charge-in-progress J

Vear>VreH

Llndicate charge-in-progress J

No

Vear<Viowv

No

RRCHG Timer Expired?

Ye!

Nd

Yes

Ll
A 4

Fault Condition;
Enable lpETECT

Indicate Fault J

Vear>VreH

N
[ Disable IpeTECT

Indicate Fault Y,

Vear<VRrcH

Charge Complete

(&

Indicate DONE

- Battery Removed
Ll

L

A 4

A

N
( Fault Condition

Indicate Fault Y,

Ng
Battery Replaced?

Yes

(ndicate BATTERY ABSENT)




Shenzhen Huatai-ic

HB6293-2011.11.28

Detail Description

Typical Charge Profile
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Battery Detection

‘ POROFVRCH \ ’

Detection routine runs on power up

»

\ ACS and if Vgar drops below refresh

threshold due to removing battery or

Enable Ipischre1

for ToiscrreL discharging battery.

BATTERY
PRESENT;
Begin Charge

Apply lwake

for Twake

BATTERY
PRESENT;
Begin Charge

BATTERY
ABSENT

For the absent battery condition, typically the voltage on the BAT pin rises and falls between 0V

and Vovp thresholds indefinitely.

VBAT Battery
UDREG /‘ Connected
Mo Mo / r
Battery Battery
Nicell = Detected Detected Yes ,’
\ Battery
Detected
lwake T
IBAT
iy |
DISCHRG1 | | I
| | |
*— tpiscHrG1 — ™ twake *— tDiSCHRGI — %
I |
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Sleep Mode

The HB6293 enters the low-power sleep mode if the VCC pin is removed from the circuit.
When VCC falls below UVLO threshold or Vgar+250mV, the HB6293 enters the sleep mode, and
minimum discharge current.

Charge Current Set
The value of constant current lcyarce Can be calculated using the following equation:

Kiser X Viser

I =
CHARGE
Rsns % Riser

Where, Vset is the output voltage of ISET pin, 1V in the constant current phase, 0.2V in the
pre-charge phase. Rsys is the external current-sense resistor; Ksgt is the A/V gain factor.

After the determination of constant current, the current of pre-charge becomes to
20%*Icharce, and the current of charge termination becomes to 10%* Icyarce.

Charge Termination Current

Once the termination threshold, V rerm across Rsys, is detected, the HB6293 inside generates
EOC signal and terminates charge, during the voltage regulation phase.

Meanwhile, the chip generates a TAPE signal when the voltage across RSNS falls bellow
twice Vterm, terminates charge when the voltage still not falls bellow Vtgrm.

Battery Voltage Regulation

The HB6293 monitors the battery-pack voltage between the BAT and GND pins.

The HB6293 enters short circuit detection mode when the battery voltage falls bellow 2V
1-Cell and 4V 2-Cell, pre-charge mode when the battery falls bellow 3V 1-Cell and 6V 2-Cell.
The charge termination voltage is 4.2V 1-Cell, 8.4V 2-Cell.

After the charge completed, the HB6293 enters recharge period, if the battery falls bellow
4.1V 1-Cell and 8.2V 2-Cell as a result of current leakage.

Charge Time Limit
The HB6293 provides a programmable charge timer for pre-charge and total charge time, the
total charge time is programmed by the following formula:

Tenarce = Crre X Kire

Where, Crrc is the capacitor connected to the TTC pin, Kyrc is the multiplier.
The pre-charge time is 1/8 of total charge time, the chip enters FAULT state and STAT2
outputs pulse wave, if there is a timeout fault.

Charge Status Outputs
The open-drain STAT1 and STAT2 outputs indicate various charger operations as shown in
fallowing table.

STAT1 (Green) STAT2 (Red) Charge State

OFF OFF Charge suspend, battery absent

11
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or sleep mode
OFF ON Charge-in-process
ON OFF Charge complete
OFF 0.5Hz pulse Fault state Covertime or over
voltage)

Timer Fault Recovery

As shown in Operational Flow Chart, the HB6293 provides a recovery method to deal with
timer fault conditions. The following summarizes this method:

Condition 1: Vgarabove recharge threshold and timeout fault occurs.

Recovery method: HB6293 waits for the battery voltage to fall below the recharge threshold.
This could happen as a result of a load on the battery, self-discharge or battery removal. Once the
battery falls below the recharge threshold, the HB6293 clears the fault and enters the battery
absent detection routine. A POR also clears the fault.

Condition 2: Vgar below recharge threshold and timeout fault occurs.

Recovery method: Under this scenario, the HB6293 applies the Ipgrect current. This small
current is used to detect a battery removal condition and remains on as long as the battery voltage
stays below the recharge threshold. If the battery voltage goes above the recharge threshold, then
the HB6293 disables the Ipetect current and executes the recovery method described in
Condition1. Once the battery falls below the recharge threshold, the HB6293 clears the fault and
enters the battery absent detection routine. A POR also clears the fault.

Output Overvoltage Protection

The HB6293 provides a built-in overvoltage protection to protect the device and other
components against damages if the battery voltage gets too high, as when the battery is suddenly
removed. When an overvoltage condition is detected, this feature turns off the PWM and shows
fault. The fault is cleared once Vgar drops to the recharge threshold.

Constant Charge Voltage Fine-tuned

According to the tested value of constant voltage output Vcy, using Rrrim between VTRIM
pin to GND pulls up Vcy, otherwise between VTRIM pin to BAT pin pulls down Vcy. Determine
the value for Rtrym using the following equations:

a. One-Cell

RTRIM = L R
4.2-V,

b. Two-Cell

V
Riem =| 55— |2R
8.4-V,

Where R=40k Q .

12
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Tape and Reel Information

H

HHEHR

gim

J
Symbol Dimensions In Millimeters Dimensions In Inches
Min Max Min Max

A 0. 820 1.100 0. 032 0.043
Al 0. 020 0.150 0. 001 0. 006
A2 0. 750 0.950 0. 030 0.037
b 0.180 0.280 0.007 0. 011
c 0. 090 0.230 0. 004 0.009
D 2.900 3.100 0.114 0.122
e 0.50(BSC) 0.020(BSC)
E 2.900 3.100 0.114 0.122
E1 4.750 5.050 0.187 0.199
L 0.400 0. 800 0.016 0. 031
0 0° 6° 0° 6°

13
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SOP-10 Tape and Reel Dimensions

Carrier Tape

e P{—=

*Pgly
® @!
i

“ g e
Y
—D0
AD =—P0—= Feeding Diraction
UNIT: mm
Package A0 BO KO DO D1 E E1 E2 PO P1 P2 T

80-10 | 5.00 | 5.00 | 1.50 | 1.860 | 1.50 | 12,00 | 1.75 | 650 | 7.00 | 4.00 | 2.00 | 0.25
(12mm) | +0.10 | £0.10 | £0.10 | 20.10 | £0.10 | 20.10 | £0.10 | £0.10 | £0.10 | £0.10 | £0.10 | £0.10

Reel

)
UNIT: mm _-4 L-_W
Tape Size | Reel Size M N W w1 H K S G R \'
12mm @330 ©330.00| 297.00 | 13.00 | 17.40 213.00 1060 | 2.00 -
+0.50 | +0.10 | £0.30 | £1.00 | +0.50/-0.20 +0.50

Leader/Trailer and Orientation

OO O |00 O O

e

|-—Trai\erTape —~~— Components Tape —=———— Leader Tape

300mm min. or Crientation in Pocket 500mm min. or
75 empty pockets 90 empty pockets
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