SLM6335

28V Withstand Voltage Buck Li-Battery Charger

Description

SLM6335 is a 2.5A lithium ion battery charger
for 5V adapter. It is a synchronous buck converter

with a fixed frequency of 550kHz. It has a charging

efficiency of more than 90% and a very small

calorific value.

devices, which can effectively prevent chip is

SLM6335 integrates 28V

damaged by surge voltage or incorrect connection

of high-voltage adapter, and has high security.

termination circuit, automatic recharging and a
4.35V preset charging voltage with an accuracy of
+1%. The SLM6335 has many functions, such as
anti back filling protection, output short circuit

protection, chip and battery temperature
protection.
SLM6335 is packaged in a miniaturized

The SLM6335 includes a complete charging

DFN3x3-10L package, which requires only a small

number of peripheral components and a very
small area of PCB board. Therefore, SLM6335
can
applications as an efficient charger for large

be embedded in various handheld

capacity batteries.

Maximum Rating

Input power voltage(Vin): -0.3V~28V
VGC: ViN-7V~Vin+0.3V

NCHRG, NSTDBY: -0.3V~28V

BAT: -0.3V~14V

VS: -0.3V~14V

LX: -0.3V~28V

Others: -0.3V~7V

Short circuit duration of BAT: continuous
Maximum junction temperature: 145C
Working environment temperature
-40°C~85C

Storage temperature range: -65TC~125C

range:

Welding temperature ( 10 seconds): 260C

Features

high-voltage

The highest withstand voltage can reach 28V
6.3V input overvoltage protection

Fixed switching frequency of 550kHz

High output efficiency of more than 90%
Maximum adjustable output current of 2.5A
Automatic identification of input current and
adaptive adapter

There is no need to prevent reverse current
diode

No external MOS

freewheeling diode is required

power transistor or
Accuracy of 4.35V charging voltage with
accuracy of £ 1%

It can withstand 28V high voltage charging
state dual indication output

Shutdown current is only 20uA

2.9V trickle charging

Soft start limits surge current

Battery temperature monitoring function
Output short circuit protection function
DFN3x3-10L package

Applications

Electronic cigarette

Electric toys

Power tools

MP3 and MP4 players

Digital camera

Electronic dictionary

GPS

Portable equipment,various chargers
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SLM6335

28V Withstand Voltage Buck Li-Battery Charger
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Application Tips

The efficient heat dissipation of the chip is

the premise of maintaining a large charging
current for a long time.

DFN3x3-10L package has a small size, so the
layout of PCB board should be paid special
attention to in consideration of heat dissipation.
The heat dissipation path for dissipating heat
generated by IC is from the chip to the lead frame,
and reaches the copper surface of PCB through

the heat sink at the bottom. As the main radiator of
IC, the copper foil of PCB board should be as wide
as possible, and extend outward to the larger
copper foil area, so as to spread the heat to the
surrounding environment.

Placing vias in the PCB to the inner layer or
back layer also has a significant effect on
improving the overall thermal performance of the
charger, as shown in Figure 3. A 1.7mm * 3.0 mm
square pad is placed at the SLM6335 position of
PCB board as the heat sink of SLM6335, and
several through holes of 0.8 mm diameter are
placed on the pad as heat dissipation holes.
During chip welding, solder is poured into the back
layer of PCB to effectively connect the heat sink at
the bottom of SLM6335 and the heat sink of PCB
board, so as to ensure the efficient heat
dissipation of SLM6335. The efficient heat
dissipation of the chip is the premise of
maintaining a large charging current for a long
time.

NCHRG

NSTDE

Figure 3

When PCB layout is designing, other heat
sources independent of charging IC should be
considered, because their own temperature will
affect the overall temperature rise and maximum
charging current.

www.slm-ic.com

2/12

Ver 1.2



SLM6335
28V Withstand Voltage Buck Li-Battery Charger
Pin Description
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Figure 4. SLM6335 pin package

PIN Symbol Function
1 VIN Input power terminal
2 VGC Internal drive clamp end
3 NCHRG Battery charging indicating terminal
4 NSTDBY Battery charging completion indicator
5 NCE Enable control terminal
6 NTC Battery temperature detection input
7 BAT Battery voltage detection terminal
8 VS Battery current detection terminal
9 GND Land
10 LX Switch end
PIN Configuration

VIN (PIN 1): Input voltage terminal, the maximum withstand voltage of this terminal is 28V, and the
charging working voltage is 4.2 ~ 6.0V.

VGC (PIN 2): Gate voltage clamp of internal driving tube, and a capacitance of 0.1uF is connected
between this end and VIN.
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SLM6335
28V Withstand Voltage Buck Li-Battery Charger

NCHRG (PIN 3): State of charge indication terminal. When the charger charges the battery, the pin is
pulled to the low level by the internal switch, indicating that the charging is in progress, otherwise the pin

is in the high resistance state.

NSTDBY(PIN 4): Charging completion indication terminal. When the battery charging is completed, the
pin is pulled to the low level by the internal switch, indicating that the charging is completed; otherwise,
the pin is in the high resistance state.

NCE(PIN 5): Enable control terminal. The input low level will make the chip in the normal working state;
the input high level will make the chip in the charging forbidden state. NCE pin can be driven by TTL level
or CMOS level.

NTC (PIN 6): Battery temperature detection input. Connect the pin to the output terminal of the NTC
sensor of the battery. If the voltage of NTC pin is less than 180mv or greater than 1.35v, it means that the
battery temperature is too high or too low, and charging is suspended. If the NTC is suspended, the
battery temperature detection function is cancelled and other charging functions are normal.

BAT (PIN 7): Battery voltage detection terminal. When the charging is stopped, the leakage current of bat
pin is less than 3uA.

VS (PIN 8): Battery current detection terminal. A high-precision milliohm resistor Rs is connected between
this terminal and bat, which is used to set the charging current during fast charging. The calculation
formulais Izar = 0.0667 ~ Rs (A)

GND (PIN 9): Power ground. The GND terminal must be reliably connected with the heat sink at the
bottom of the chip and the copper laying on the PCB board.

LX (PIN 10): Built in power MOSFET connection point. LX is the current output terminal of SLM6335,
which is connected with external inductance as the input of battery charging current.

Electrical Characteristics
(Unless otherwise specified, Vin= 5V +2%,NCE connected with GND, Ta = 25 C)

Symbol Parameter Condition Min Typ Max Unit
Vin_max | Maximum input voltage 28 V
ViN Input power voltage 4.5 5 6.0 \%
Vin under voltage blocking )
Vuv From Vi high to low 3.8 3.95 4.1 \Y,
threshold
Vin under voltage locking
Vuvhys , 300 mV
hysteresis
Vov VN over voltage blocking From Vin low to high 6.0 6.3 V

www.sIm-ic.com 4712 Ver 1.2



SLM6335
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threshold
VN over voltage locking
VovHys . 300 mV
hysteresis
Standby mode
(charging 130 260 uA
In Input power current termination)
Shutdown mode
L 20 40 uA
(NCE is high)
Fully charged(floating
VELoAT 4.306 4.35 4.394 \%
charge) voltage
Rs =33.3m Q,
1.8 2.0 2.2 A
current mode
_ Standby mode, Vear
Bat pin current: (current = 435V 23 4.6 uA
lBAT mode test condition is '
Stop mode (Vin <
VBAT = 3.8V) 2.6 5.2 uA
Vaat or ViN < Vuv)
Shutdown mode
N 0 uA
(NCE is high)
Veat <VTRIKL
ITRIKL Trickle charge current Rs = 33.3m Q, 200 mA
current mode
Trickle charging threshold
VTRIKL VBAT UP 2.7 2.85 3.0 \%
voltage
Trickle charge hysteresis
VTRHYS 100 mV
voltage
Threshold voltage of
VeLv battery short circuit 2.2 V
protection
Input voltage dro
VinsL P . J P 4.55 V
protection
v VN -VBat Blocking VN from low to high 150 200 300 mV
A% 1 threshold voltage Vi from high to low 10 80 130 mV
Charging termination
ITERM Rs =33.3mQ 100 200 300 mA
current threshold
NSTDBY pin output low
VNsTDBY INSTDBY=SMA 0.5 \
voltage
NCHRG pin output low
VNCHRG INcHRG =5SMA 0.5 \%
voltage
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SLM6335
28V Withstand Voltage Buck Li-Battery Charger

Vnce L | NCE pin low enable level 0.8 V
Vnce_H | NCE pin high enable level 2.5 V
Vare o High end turnover voltage 135 Vv
- of NTC pin ’
High end turnover voltage
VNTCH_HYS 50 mV

hysteresis of NTC pin

Turn over voltage at the
VNTC_L . 180 mV
- low end of NTC pin

Turn over voltage

VnteL Hys | hysteresis at the low end 40 mV
of NTC pin
Threshold voltage of
AVRecHrG 100 150 250 mV
rechargeable battery
FREQ | Oscillation frequency 450 550 650 kHz
Rprer PMOSFET "on" resistance 100 mQ
RNreT NMOSFET "on" resistance 100 mQ
Junction temperature in .
tLim . 145 C
limited temperature mode
tss Soft start time 300 us
Filter time of recharging .
trecHrG Veat from high to low 1 ms
comparator
Stop comparator filtering IsaT drops below
trerm . 1 ms
time ITeErM
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28V Withstand Voltage Buck Li-Battery Charger

Principle
SLM6335 is a 2.5A lithium ion battery charger
for 5V adapter. It uses 550kHz fixed frequency

synchronous buck converter and uses the power
transistor inside the chip to charge the battery
trickle current, constant current and constant
voltage. The charging current can be programmed
with external resistance, and the maximum
continuous charging current can reach 2.5 A
without additional anti backflow diode. It has a
charging efficiency of more than 90% and its own
calorific value is very small.
SLM6335 28V

devices, which can effectively prevent chip is

integrates high-voltage
damaged by surge voltage or incorrect connection
of high-voltage adapter, and has high security.

SLM6335 consists of two state indicating
terminals with open drain output, charging state
indicating terminal NCHRG and fully charged state
indicating terminal NSTDBY. These two indicating
terminals can withstand 28V high voltage, so that
the indicator light can be directly connected with
VIN through current limiting resistor. The power
management circuit in the chip automatically
reduces the charging current when the junction
temperature exceeds 145°C. This function enables
users to make maximum use of the chip
processing capacity, without worrying about the
chip overheating and damaging the chip or
external components.

When the input voltage is greater than the
under voltage detection threshold and lower than
the over voltage detection threshold, and the NCE
terminal is at low level, SLM6335 starts to charge
the battery, and NCHRG pin outputs low level,
indicating that charging is in progress. The
charging current is set by the resistance Rs
connected between vs and bat. If the battery

voltage is lower than VrrikL, the charger uses a
small current to pre charge the battery trickle.
When the battery voltage is higher than Vtrike, the
charger switches to fast charging state. When the
battery voltage is close to 4.35V, the charging
current will gradually decrease, and SLM6335
willenter the constant voltage charging mode.
When the charging current decreases to the end
of charging threshold, the charging cycle is over,
the NCHRG terminal outputs the high resistance
state, and the NSTDBY terminal outputs the low
level. The end of charge threshold is Iterm.

When the battery voltage drops below the
threshold, SLM6335 automatically
starts a new charging cycle. The high-precision

recharging

voltage reference, error amplifier and resistance
divider network ensure that the accuracy of the
voltage modulation at the battery terminal is less
than 1%,
accurate charging of lithium-ion batteries. When

which meets the requirements of
the input voltage is down or the input voltage is
lower than the battery voltage, the charger will
enter the sleep mode with low power consumption,
and the current consumed by the battery terminal
is less than 3uA, which increases the standby
time.

Charging Current Setting

The Igat oOf battery charging is set by the
resistance Rs connected between pin vs and bat,
and the
calculated by the following formula:

I, =0.0667 + R,

relationship between them can be

For example: it is necessary to set the
charging current to 2.0A. According to the above
formula, rs = 33.3mQ can be calculated, which is
equivalent to a 50mQ and a 100mQ resistor in
parallel.
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28V Withstand Voltage Buck Li-Battery Charger

Charging Termination

When the charging current drops to about
lterm after reaching the final full voltage, the
charging cycle is terminated.

There is a charging voltage and current
monitoring module in the chip. When the charging
voltage reaches Vrioat, the charging current is
lower than lterm and the duration is trerm, the
SLM6335 will terminate the charging cycle,in this
state, all loads on BAT pins must be powered by
batteries.

However, if the chip reaches tum or the input
voltage drops to Vis., the internal charging
termination module will be disabled to prevent the
battery from being fully charged due to temporary
protective measures.

Charging State Indication

SLM6335 has two drain open status
indication outputs. NCHRG and NSTDBY.

In general, NCHRG is connected with red
LED and NSTDBY is connected with green
indicator.

When the battery is
NCHRG is pulled to low level, the red light is on,
NSTDBY is in high resistance state, and the green
light is off. When the battery is fully charged,
NSTDBY is pulled to low level, green light is on,
NCHRG is in high resistance state, and red light is
off.

in charging state,

If SLM6335 is in VIN under voltage or
over-voltage protection, NCE is high, battery short
NCHRG and
NSTDBY are in high resistance state at the same

circuit or NTC state is abnormal,

time, and both lights are off.

If the battery is not connected, the green light
is always on and the red light is flashing. The
flashing period is related to the capacitance of bat
terminal and leakage current, which is generally

1-4 seconds.
Red light | Green light
State of charge
NCHRG NSTDBY
Charge Bright Extinguish
The battery is fully ) ) )
Extinguish Bright
charged
Battery not ) )
Twinkle Bright
connected
Under voltage or
over-voltage,NCE
is high, battery . L
o Extinguish | Extinguish
short circuit or
NTC status is
abnormal

Input Adaptive Protection
SLM6335 has adapter adaptive function to

meet different types and current capacity of the
adapter.

SLM6335 continuously monitors the input
voltage at VIN terminal. When the voltage drops to
VinsL, the internal feedback loop will reduce the
charging current to prevent the VIN terminal
voltage from further decreasing and protect the
adapter from damage due to overload. In the
adaptive protection state, all charging functions
will continue to work.

Over Temperature

Protection

If the chip temperature rises above the preset
value of 140°C, an internal thermal feedback loop
will reduce the charging current until the current
decreases to 0 above 150 °C . This function can
prevent the SLM6335 from overheating and allow
users to improve the power processing capacity of
a given circuit board within the allowable range of
SLM6335.
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Battery Temperature

Monitoring
In order to prevent the battery from being
damaged by too high or too low temperature, a
battery temperature monitoring circuit is integrated
in the SLM6335.
The battery
realized by monitoring the thermistor with negative

temperature monitoring is
temperature coefficient close to the battery. The
thermistor is connected between NTC and GND.

In the chip, the NTC pin is connected to the
input of two voltage comparators, and its low
voltage threshold is Vntc_L. The high voltage
threshold is Vntc_H.Corresponding to the lower
limit of normal temperature range. If the voltage of
NTC pin is within this range, the chip will be
charged normally. Otherwise, the battery
temperature is too high or too low, and the
charging process will be suspended.

The pull-up current of NTC pin is 50uA, so the
value of negative temperature coefficient
thermistor should be 10kQ at 25°C, 3.6kQ at upper
temperature point and 27kQ at lower temperature
point. Users can choose the right model according
to their specific needs.

If the upper or lower temperature protection
points need to be adjusted, the user can achieve
this by parallel connection or series connection of
a common resistor with the thermistor.

If the battery temperature monitoring function
is not used, just hang the NTC pin in the air or

connect a resistance of more than 1TMQ to GND.

Current Limiting And

Output Short Circuit Protection
SLM6335 is integrated with  multiple

protections. The maximum peak current at the

input end of the chip is 4.5A to prevent chip is
damaged by excessive current. When the

output voltage is lower than 2.2V, the chip enters
the short-circuit protection mode, and the output
current of the chip is about 100 ~ 300mA.

Automatic Recharge
After a charging cycle is completed, SLM6335

uses a comparator with a filter time of about 1ms
(trecHrg) to continuously monitor the voltage on
the bat pin.When the battery voltage decreases A
VrecHrG (approximately 80% to 90% of the battery
capacity), the charging cycle starts again. This
ensures the need for the battery to be activated by
a maintenance charging cycle. During the
recharging process, the NCHRG pin output enters
the strong pull-down state, and the NSTDBY pin is

in the high resistance state.

White LED Driver
The output of SLM6335 directly drives WLED,
and the white LED is in the constant current stage

because the working voltage of white LED is about
3.6V.

SLM6335 can provide efficient and stable
driving current for a single white LED or multiple
white LED in parallel, and has an output voltage
limiting protection of 4.35V. The adjustment of
driving current can drive 3w-11w white LED
according to Rs setting.

Input And Output

Capacitance

Many types of capacitors can be used, but
high quality power capacitors are required. It is
particularly important to be careful when using
multilayer ceramic capacitors. Some types of
ceramic capacitors have the characteristics of high
EMI value. Therefore, under certain conditions
(such as connecting the charger input with a
working power supply), high voltage transient
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signal may be generated to damage the
chip.When 2A is applied, it is recommended to use
22uF chip capacitor at the input end and 22uF chip
capacitor at the output end Electrolytic capacitor,
need to add a 0.1uF electrolytic capacitor for
bypass, and the link position must be close to the
chip pin. In addition, if it is necessary to consider
the possibility of high voltage input, the capacitor

must also consider the withstand voltage problem.

Inductance Selection
In order to ensure the stability of the system,

the system needs to work in continuous mode
(CCM) in the pre charging and constant current
charging stages. According to the inductance
current formula:

Al

1 (\/IN - VBAT

= XVBAT
LxFS\  Vn j

Where Al is the inductance ripple and FS is
the switching frequency. In order to ensure that
both pre charging and constant current charging
are in CCM mode,Al is 1 / 10 of constant current
charging,the inductance can be calculated
according to the input voltage.

The inductance is 2.2uH ~ 10uH.

The rated current of inductor should be larger
than the charging current and the power
inductance with smaller internal resistance should

be selected.

Thermal Considerations

DFN3x3-10L package has a small size, so the

layout of PCB board should be paid special

attention to in consideration of heat dissipation. It

is important to maximize the available charging

current. The heat dissipation path for dissipating
heat generated by IC is from the chip to the lead

frame, and reaches the copper surface of PCB
through the heat sink at the bottom. As the main
radiator of IC, the copper foil of PCB board should
be as wide as possible, and extend outward to the
larger copper foil area, so as to spread the heat to
the surrounding environment.

Placing vias in the PCB to the inner layer or
back layer also has a significant effect on
improving the overall thermal performance of the
charger, as shown in Figure 3. A 1.7 * 3.0 mm
square pad is placed at the SLM6335 position of
PCB board as the heat sink, and several through
holes with 0.8 mm diameter are placed on the pad
as heat dissipation holes. During chip welding,
solder is poured into the back layer of PC to
effectively connect the heat sink at the bottom of
SLM6335 and the heat sink of PC board, so as to
ensure the efficient heat dissipation of SLM6335.
The efficient heat dissipation of the chip is the
premise of maintaining a large charging current for
a long time.

When designing PCB
sources independent of charging IC should be

layout, other heat

considered, because their own temperature will
affect the overall temperature rise and maximum

charging current.

Figure 5 PCB layout
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Figure 6 Extended application
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Package Description

DFN3x3-10L package

s

NG l - ‘J}u
JU U U] A
’» Hl
///—PIN‘I IDENTIFICATION
| | e
-\ X
ANMNNAC
Top View Bottom Vlew
¢ 4
Slde View I
Dimensions In Millimeters Dimensions In Inches
Symbol
Min Max Min Max
A 0.700/0.800 0.800/0.900 0.028/0.031 0.031/0.035
A1 0.000 0.050 0.000 0.002
A2 0.153 0.253 0.006 0.010
D 2.900 3.100 0.114 0.122
E 2.900 3.100 0.114 0.122
D1 1.600 1.800 0.063 0.071
E1 2.300 2.500 0.091 0.098
k 0.200MIN 0.008MIN
b 0.200 | 0300 0.008 | o012
= 0.500TYP 0.020TYP
L 0.300 | 0500 0.012 | 0020
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