SC2008

1.2A LED DRIVER with INTERNAL SWITCH

Features

Simple low parts count

Wide input voltage range: 4V to 40V
1.2A output current

Single pin on/off

Brightness control by using DC voltage
Brightness control by PWM signals
Typical 5% output current accuracy
High efficiency (up to 97%)

Up to 1MHz switching frequency
Adjustable Constant LED Current
Soft-start

40V transient capability

Description

The SC2008 is a continuous conduction mode inductive
step-down converter, designed for driving single or
multiple series connected LEDs efficiently from a
voltage source higher than the total LED chain voltage.
The device operates from an input supply between 4V
and 40V and provides an externally adjustable output
current up to 1.2A. Depending upon the supply voltage
and external components, the SC2008 can provide up

to 30watts of output power.

The SC2008 includes the power switch and a high-side
output current sensing circuit. Output current can be
programmed by an external resistor. A dedicated ADJ
input accepts either a DC voltage or a wide range of
pulsed dimming to adjust the output current above or
below the set value. Applying a voltage of 0.2V or lower
to the ADJ pin turns the output off and switches the

device into a low current standby mode.

The SC2008 is available in TSOT-23-5 packages.

Applications

Low voltage halogen replacement LEDs
Automotive lighting

Low voltage industrial lighting

LED back-up lighting

llluminated signs

High power LED lighting

Package Information

LX 1 5 VIN
GND |2 TSOT-23-5
ADJ 3 4 ISENSE
Top View
TSOT-23-5
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Ordering Information

SC2008

X X X
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SHIPPING PACKING
NUMBER OF PINS
PACKAGE TYPE

Package Type

Number of pins

A : SOT-23

B:5
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Typical Application

S$C2008 DC 12V Input Application

SC2008

DC IN
Q D
14 MY
33uH to 47uH
X
Cin p— LED1 A
47uF to 220uF SC2008 TSOT-23-5
S VIN LX 1
IH 21 GND AN
DC Bias or PWM [ >——31 ADJ Isense | LED2 A
X
lout(mA)=(0.1V/Rsense)
LED3 A
Rsense 0.1 ohm
ANN
SC2008 AC 12V Input Application
DC IN
o D L
1« 2000
AC Power In [ > 33uH to 47uH »‘:
Cin p— LED1 A
220UF to 470uF SC2008 TSOT-23-5
5 VIN LX !
| [ >DCIN lll | eno R
DC Bias or PWM___>——31 ApJ  Isense [+ LED2 A
X
lout(mA)=(0.1V/Rsense) 03 N
AC Powerin [ > Rsense 0.1 ohm f
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SC2008

Pin Description

LX | : | | : | VIN
GND | : | TSOT-23-5
ADJ | : | | : | IsensE

1 LX The drain of the internal N-MOSFET switch.
2 GND Signal and power ground.
Multi-function On/Off and brightness control pin:
®  “Floating” for normal operation.
The normal average output current |oyrnom) = 0.1V
Rsense
“DC below 0.2V” to enter stand by mode.
3 ADJ ® “DC between 0.3V and 2.5V” to adjust output current from 25% to 200% of
louT(nom) -
® “Low frequency lower than 500Hz & High frequency higher than 10KHz” to adjust
output current.
® Increasing soft-start time by connecting a capacitor from this pin to GND.
Connect resistor RS from this pin to VIN to define nominal average output current.
4 |sense lout(nom) = RO.lV
SENSE
(Note: loyr =1.25A ~ Rgensgminy = 0-08Q2 with ADJ pin floating)
5 Vin Input voltage (4V~40V).
200909 &




SC2008

Maximum Ratings

Supply Voltage Vin -0.3~40 \Y
Current sense input
Vi +0.3~-0.3 Vv
(Respect to VIN)
LX output voltage Vix -0.3~40 \Y
Adjust pin input voltage V aby -0.3~6 \Y
Switch output current I« 1.2 A
Power dissipation Py 1000 mwW
Operating temperature Top -40to 125
Storage temperature Ters -55 to 150 T
Junction temperature T, 150 °C
Note:
. . . . . (TJMAX - TA )
The maximum power dissipation is Ppyax = — 5.
JA
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SC2008

Electrical Characteristics (Viy =12V, T, =25°C unless otherwise stated)

Input voltage VIN 4 40 \%
Supply current of stand by mode lstanD ADJ pin grounded 25 40 pA
Supply current of switching mode lswiren ADJ pin floating 300 800 MA
Measured on ISENSE pin with
Mean current sense threshold voltage lsense 95 100 105 mV
respect to VIN (ADJ floating)
Sense threshold hysteresis Vsenserys +15%
ISENSE pin input current lsense VIN - V|SENSE = 1.5 10 [VIaN
Internal reference voltage VAD J -3% 1.25 +3%
External control voltage range on ADJ
Vo 0.3 25 v
pin for DC brightness control
DC voltage on ADJ pin to swith device
_ Vorano | Vapy falling 0.15 0.2 0.25 v
from switch mode to stand by mode
DC voltage on ADJ pin to switch device
. Vawren | Vapy rising 02 0.25 03 v
from stand by mode to switch mode
0 < VADJ < VREF 165 333
Resistance between ADJ pin and Vger R apy KQ
VADJ>VREF+1 oomvV 16 33
LX switch current I« 1.2 A
LX switch on resistance Rix | =1A 0.33 Q
LX switch leakage current ||_EAK 3 uA
Duty cycle of PWM dimming applied to D PWM frequency <500HZ and its
0.01 1
LF
pin ADJ during low frequency amplitude = Vger
Duty cycle of PWM dimming applied to D PWM frequency >10KHZ and its
0.24 1
HF
pin ADJ during high frequency amplitude = Vgrer
ADJ pin floating, L=33uH,
Operating frequency FOP 280 KHz
|« =1A, Driving 1 LED
Minmum switch on time TON_,V"N LX switch on 240 ns
Minmum switch off time TOFF_M|N LX switch off 200 ns
Recommanded minimum switch on time TON LX switch on 800 ns
Recommended maximum operating
FMAX 1 MHz
frequency
Recommended duty cycle range of
DMAX 0.3 0.7
output switch at Fmax
Thermal shutdown threshold TSD 165 T
Thermal shutdown hysteresis TSDHVS 25 T
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Operation Description

The device, in conjunction with the inductor (L1) and
current sense resistor (Rggyse ), forms a self oscillating

continuous mode buck converter.

When input voltage V, is first applied, the initial
current in L1 and Rggnge IS zero and there is no
output from the current sense circuit. Under this
condition, the output of Iggyge comparator is high. This
turns on an internal switch and switches the LX pin low,
causing current to flow from V, to ground, via
Rsense» L1 and the LED(s). The current rises at a rate
determined by VIN and L1 to produce a voltage ramp
(Visense ) across Rgensg - When (Vi - Visense ) >
115mV, the output of Iggnge Comparator switches low
and the switch turns off. The current flowing on the
When

(Vin-Visense ) < 85mV, the switch turns on again and

decreases at another rate.

RSENSE

the mean current on the LED(s) is determined by

((85mV +1 15mV))
2 _ 100mV
Rsense Rsense

The high-side current sensing scheme and on board
current setting circuitry minimize the number of external
components while delivering LED(s) current with £5%

accuracy, using a 1% sense resistor.

The SC2008 allow dimming with a PWM signal at the
ADJ input. A logic level below 0.3V at ADJ forces
SC2008 to turn off the LED and the logic level at ADJ
must be at least 2.5V to turn on the full LED current.
The frequencies of PWM dimming ranges from lower
than 100Hz or more than 20 KHz.

The ADJ pin can be driven by an external DC voltage
(Vapy ) to adjust the output current to a value below the

nominal average value defined by Rggnyge .- The DC

SC2008

voltage is valid from 0.3V to 2.5V. When the dc voltage
is higher than 2.5V, the output current keeps constant.
The LED(s) current also can be adjusted by a resistor
connected to the ADJ pin. An internal pull-up resistor is
connected to a 5V internal regulator. The voltage of
ADJ pin is divided by the internal and external resistor.

The ADJ pin is pulled up to the internal regulator (5V). It
can be floated at normal working. When a voltage
applied to ADJ falls below the threshold (0.2V nom.),
the output switch is turned off. The internal regulator
and voltage reference remain powered during shutdown
to provide the reference for the shutdown is nominally

20 1 A and switch leakage is below 3 1 A.

Additionally, to ensure the reliability, the SC2008 is
built with a thermal shutdown (TSD) protection and a
thermal pad. The TSD protects the IC from over
temperature (165°C). Also the thermal pad enhances
power dissipation. As a result, the SC2008 can handle

a large amount of current safely.
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SC2008

Typical Performance Characteristic

Actual operating waveform [V|y=6.0V Rs=0.1Q L=47uH]

Tek Run —— — —_—— E— — e rigd

C.”z.oov' ' — — — — '. .160mAQ.].[2.00p§ ' ' 'Mz.so'cs'/s ] '.'J" 3.60.\/]

100k points
29 Sep 2009
14:04:22

Actual operating waveform [V|y=12V Rs=0.1Q L=47uH]

Tek Run _ Trig'd

(@ s.00v @ IOOmAQ][Z.OOHS ][2.5005/5 J ® - 3.60\!]

100k points
29 Sep 2009
14:04:33
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Actual operating waveform [V|y=24V Rs=0.1Q L=47uH]

Tek Run . — — — — Trig'd

([ 0.0V ' ' @ 200mAQ)[2.00}15 ][2.5065/5 ] @ - g.sov}

100k points
29 Sep 2009
14:04:53

Actual operating waveform [V|y=32V Rs=0.1Q L=47uH]

Tek Run _ _ - - Trig’'d

(@ 100V 4 ZUUmAQ][Z.OUp.S ][2.50(;5/5 ] @ - 10.8\!}

100k points
29 Sep 2009
14:05:11

SC2008
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Typical Performance Characteristic

Input Voltage vs Efficiency L=33uH
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Typical Performance Characteristic

Input Voltage vs Efficiency L=47uH

Input Voltage vs Duty Cycle L=47uH

SC2008
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SC2008

Typical Performance Characteristic

Input Voltage vs Efficiency L=100uH Input Voltage vs Duty Cycle L=100uH
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Typical Performance Characteristic

lout vs Vadj
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Application notes

Setting nominal average output current with

external resistors Rqense -

The nominal average output current in the LED(s) is

determined by the value of external resistor Rggnse
That is connected between V|y and Isense. It is given by

the following formula.

0.1V

RSENSE

louT(nom) (A) = » Rsense = 0.08Q

For example: The nominal output current is 500mA

when Rggnyge is 0.2Q.

Rsense () louT(nom) (mA)
0.1 1000
0.13 760
0.3 333

The above values assume that ADJ pin is floating and

at a voltage of V. =1.25V . Rggnge =0.08Q is the
minimum allowed value of sense resistor under
conditions to maintain switch current below the

specified maximum value.

Adjust the output current by external DC voltage.
According to the above section, the output average
current is equal to loyrpom)y When ping ADJ is
floating.

However, the output current could be adjusted by

applying external voltage to the ADJ pin.

ADJ
Pin

+

DC Source f

SC2008

GND Pin

SC2008

(i)

The formula is as below:

~ [ 100mV
RSENSE

VADJ )

| mA) =1 X
out(oc)(MA) = lournom) (1_25

Jfor RS =0.08Q and 2.5>Vp,;>0.3

For example:

Rsense = 0.2, Vpp, = 0.625V

The output current IOUT(DC) comes out to be 250mA.
However, the maximum output current is limited by
1.2A.

Adjust the output current by external PWM voltage.

As the same reason, the output average current is
equal to loyr(nomy When ADJ pin is floating. And the
output current of SC2008 could be adjusted by
applying external PWM dimming voltage to the ADJ

pin.

PWM Signal

D

-

L.

ADJ
Pin

SC2008

<1

(1-D)

GND Pin

Assume that the PWM signal is a square wave with a

high level 1.25V and its duty is equal to D

]XD

The formula is as below:

100mV

RSENSE

loutoc) (MA) =lout(nom) XD = [

, for RS =0.08Q and Duty Cycle (D<1)

For example: When RS = 0.2, D=0.5
The output current loyrpcy comes out to be 250mA.

However, the D should be above 0.24 therefore the
Vdim(AVG) is higher than 1.25x0.24=0.3V. And the

SC2008 would not be turned off.

2009/09
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Using high voltage or AC input

When DC input voltage is above 32V, we recommend
that increase input capacitor (C,) from 47uF to
220uF.

This would reduce the inrush voltage and avoid the
SC2008 to be cracked.

Vavg

Vf

In AC input, the figure above shows the V)

waveform, that is after the Bridge Rectifiers. In some
the  Vy be

LED(s) V; according by the input capacitor, how many

cases, would lower than

LED(s) do you use and the characteristic of the LED.
That would result the Ioyrnom) is lower than you
might expect. In order to avoid this situation, you may
increase the input capacitance to reduce the ripple or

choose the proper numbers of LED(s).

Shutdown mode

SC2008 ADJ pin voltage is under 0.2V for more than
approximately 100uS, SC2008 will turn off the output
and SC2008 into standby mode, supply current will fall
to 25uA.

Note that ADJ pin isn’t a logic input, Taking ADJ pin to
a voltage above V. will increase output current

above the 100% nominal average value.

Soft-Start

SC2008 has inbuilt soft-start function due to delay
through PWM filter. An external capacitor from ADJ pin
to ground will provide additional soft-start delay time,
by increasing the time taken for the voltage on this pin

to rise to turn on threshold and slowing down the rate

SC2008

of rise of the control voltage at input of the comparator.
With no external capacitor, the time taken for the
output to reach 90% of its final value is approximately
1.5mS. Adding capacitor increase this delay by
0.46xC(nF). The graph below shows the variation of

soft-start time for different values of capacitor.

Soft-Start Time vs External Capacitor
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Actual operating waveform [V|y=24V Rs=0.1Q
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Actual operating waveform [V|y=24V Rs=0.1Q
L=47uH, 100nF on ADJ pin]

Soft-start waveforms. Input voltage (Ch1), LX voltage
(Ch2) and Output current (Ch4)

Tojstep.____  ————— 4

- S 108V

1oV 2 @ Go0mA o ) [10.0ms T[10.omsss ||
=0.00000% ) WM polnts

29 Sep 2001
14:23:09

LED(s) open circuit protection
If the connection to LED(s) is open circuited, the
inductor is isolated from LX pin of SC2009, so SC2008

will not be damaged.

Inductor selection

Recommended inductor values for SC2008 are in the
range during 33uH to 100uH. Higher values of
inductance are recommended at higher input voltage
in order to minimize errors due to switching delays,
which result in increased ripple and lower efficiency.
Higher values of inductor also result in smaller change
in output current over input voltage range. The inductor
should be mounted as close to SC2008 as possible
with low resistance connections to LX and V,y pins.
The coil should have a saturation current higher than
the peak output current and a continuous current rating

above the required mean output current.

Part no. L (uH) DCR(Q) lsar (A)
PIC124-330 33 0.097 2.7
PIC124-470 47 0.15 1.9
PIC124-101 100 0.308 1.2

SC2008

The inductor value should be chosen to maintain
operating duty cycle and switch times within the
specified limits over input voltage and load current
range.

The following equations can be used as a guide.

LX Switch ON time:

L x Al
Vin = Viep —lavg X (Reense + L +Rix)

TON =

TON(min) > 240nS

LX Switch OFF time:

L x Al
Vieo + Vb +lavg * (Rgense + L)

Torr =

TON(min) > 200”8

Where:

L is the inductor inductance (H)

rL is the inductor resistance (Q )

Rsense is the current sense resistance

lavg is the required LED(s) current (A)

Al is the inductor peak-peak ripple current (A)

V\y is input voltage (V)

Vi ep is the total LED(s) forward voltage (V)

R.x is the switch resistance (Q)

Vp is the diode forward voltage at the required load

current (V)

Optimum performance will be achieved by setting duty
cycle (D) close to 0.5 at the nominal input voltage. It
assists to equalize undershoot and overshoot and

improve temperature stability of SC2008 output current.

Diode selection

For better efficiency and performance, the rectifier
(Diode) should be a fast capacitance Schotty diode
with low reverse leakage at the maximum operating
voltage and temperature.

Schotty diode also provides better efficiency than

silicon diode, due to a combination of lower forward
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voltage and reduced recovery time.

I's a point to select components with peak current
rating above peak inductor current and a continuous
current rating higher than the maximum output load
current. It's too important to consider the reverse
leakage of diode when operating above 85°C. Excess
leakage will increase power dissipation in SC2008 and
if close to the load may create a thermal runaway
condition.

The higher forward voltage and overshoot due to
reverse recovery time in silicon diode will increase
peak voltage on LX output. If silicon diode is used,
should be taken to ensure that total voltage appearing
on LX pin including supply ripple, doesn’t exceed the

specified maximum value.

Capacitor selection

Low ESR capacitor should be used for input
decoupling, as the ESR of capacitor appears in series
with power supply source impedance and lower overall
efficiency. The capacitor has to supply the relatively
high peak current to inductor and smooth the current
ripple on the input supply. A minimum value of 22uF is
acceptable if input source is close to SC2008, but
higher values will improve performance at lower input
voltage, when input source impedance is high. The
input capacitor should be placed as close as possible
to SC2008.

For maximum stability over voltage and temperature,
the capacitors with X7R, X5R or better dielectric are
recommended. Y5V capacitor is not suitable for

decoupling in the application and should not be used.

Reducing output ripple
Peak-Peak ripple current in LED(s) can be reduced, if
required, by shunting a capacitor C-LED LED(s) as

shown below.

SC2008

Vin

o D L
r}j' 2228 .
N
Cin =— LEDA
SC2008 TSOT-23-5
5ViN Lx
'IH 2 GND »‘:
D—SADJ Isense 4 LED2 —— C-LED
DC Bias or PWM
X
LED3
Rsense

1uF C-LED will

Proportionally lower ripple can be achieved with higher

reduce input supply current.
capacitor values. The capacitor will affect operating
frequency or efficiency, but it will increase start up
tome, by reducing the rate of rise of LED voltage.

By adding the capacitor the current waveform across
LED(s) changes from a triangular ramp to a more
sinusoidal version without altering the mean current

value.

Thermal considerations

When using the module at high ambient temperatures,
or driving heavy current, must be taken to avoid
exceeding IC package power dissipation limit. The
figure below provides details for power derating. This
assumes the module to be mounted on 20mm? PCB

with 10z copper standing in air.
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Thermal compensation of output current

High luminance LED(s) needs to be supplied with a
temperature compensated current in order to maintain
stable and reliable operation at all driving conditions.
LED(s) are usually mounted remotely from the module.
Base on the reason, the temperature factor of internal
circuit for SC2008 has been optimized to minimize the
charge in output current when no compensation is

employed.

Layout guides

SC2008 LX pin

LX pin of the module is a fast switching point, PCB
trace should be kept as short as possible. To minimize
GND, GND pin of the module should be soldered
directly to the GND plane.

Inductor and decoupling capacitor and current
sense resistor

It's important to mount inductor and input capacitor as
close to SC2008 pins as possible to minimize parasitic
which will increase

resistance and inductance,

efficiency. It's also important to minimize trace
resistance in series with current sense resistor

RSENSE .

SC2008

Vin PIN Isense PIN

Current Path

RSsENSE

The parasitic resistance on the
current path should be as short as
possible

It's best to connect V, directly to one end of Rggnge
and Igense directly to the opposite end of Rgense

with no other current flowing in these traces. This is

SC2008

important that cathode current of Schottky diode doesn’t
flow in a trace between V,y and Rggnse as this could
give an apparent higher measure of current than is

actuality of trace resistance.

S$C2008 ADJ pin

ADJ pin is high impedance input for voltage up to 1.35V,

when left floating; PCB traces to this pin should be as

short as possible to reduce noise. A 100nF capacitor (C)
from ADJ pin to GND will reduce frequency modulation

of output under these conditions. An additional series

10KQ resistor (R) can also be used when driving ADJ

pin from an external circuit. The resistor will provide

filtering for low frequency noise and provide protection

against high voltage transients.

_/\/\MT '?;'?J SC2008
n

GND Pin

High voltage traces

Avoid high voltage traces close to ADJ pin, to reduce
the risk of leakage current due to the board
contamination. ADJ pin is soft-clamped for voltage
above 1.35V to desensitize it to leakage that might
raise ADJ pin voltage and cause excessive output
current. However, GND ring placed around ADJ pin is
recommended to minimize changes in output current

under these conditions.
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Package Information

TSOT-23-5

-

L[

A2

Al

SC2008

NOTE

1. PACKAGE BODY SIZES EXCLUDE MOLD FLASH
PROTRUSIONS OR GATE BURRS

2. TOLERANCE +0.1000 mum (4 mil) UNLESS OTHERWISE
SPECIFIED

3. COPLANARITY : 0.1000 mm

4. DIMENSION L IS MEASURED IN GAUGE PLANE

DIMENSIONS IN MILLIMETERS
SYMBOLS

MIN NOM MAX

A — — 1.00
Al 0.00 0.05 0.10
A2 0.84 0.87 0.90
A3 0.58 0.68 0.78
b 0.35 0.40 0.50

C 0.10 0.125 0.15

D 2.70 2.90 3.10

El 1.40 1.60 1.80
el ———  |I90(TYP) | ——

E 2.60 2.80 3.00

e = 0.95(TYP) —
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