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DESCRIPTION

The A8181 is a continuous mode inductive step-down
converter, designed for driving single or multiple
series connected LEDs efficiently from a voltage
source higher than the LED voltage. The device
operates from an input supply between 6V and 36V
and provides an externally output current up to 1.2A.
Depending upon supply voltage and external
components, this can provides up to 24 watts of
output power.

The A8181 includes the output switch and a high-side
output current sensing circuit, which uses an external
resistor to set the nominal average output current.

Output current can be adjusted by applying an
external control signal to the '"ADJ' pin. The ADJ pin
will accept either a DC voltage or a PWM waveform.
During DC dimming, this will provide a continuous
output current that is proportional to the external
applied DC voltage. During the PWM dimming, this
will provide a gated output current and the average
current is proportional to the duty cycle. 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 state.

The A8181 is available in SOT-25 Packages.

ORDERING INFORMATION

Package Type Part Number
A8181E5R
SOT-25 ES [A8181E5VR
V: Green Package
Note R : Tape & Reel
AIT provides all Pb free products
Suffix “ V “ means Green Package

A8181

36V, 1.2A LED STEP-DOWN

HIGH BRIGHTNESS LED DRIVER WITH INTERNAL SWITCH

FEATURES

®  Simple low parts count

Internal 36V NDMOS switch

Up to 1.2A output current

Single pin on/off and brightness control using
DC voltage or PWM

Soft Start

High efficiency (up to 97%)

Wide input voltage range: 6V to 36V
Output shutdown

Up to 1TMHz switching frequency
Inherent open-circuit LED protection
Typical 3% output current accuracy
High-side current sense

Hysteretic control: no compensation
Adjustable constant LED current
Over temperature protection
Available in SOT-25 package

APPLICATIONS

Low voltage halogen replacement LEDs
Automotive lighting

Low voltage industrial lighting

LED back-up lighting

llluminated signs

LCD TV backlighting

TYPICAL APPLICATION
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PIN DESCRIPTION

A8181

36V, 1.2A LED STEP-DOWN
HIGH BRIGHTNESS LED DRIVER WITH INTERNAL SWITCH

Vin ISENSE
5 4

AB181
SOT-25

1 2 3

LX GND ADJ

TOP VIEW

Pin #

Symbol

Function

LX

Drain of NDMOS switch

GND

Ground(0V)

ADJ

Multi-function On/Off and brightness control pin:
® Leave floating for normal operation.

® Drive to voltage below 0.2V to turn off output current

® Drive with DC voltage (0.3V < Vany < 1.2V) to adjust output current from
25% to 100% of loutnom. If the ADJ voltage is larger than 1.2V, the

output current is loutnom.

® Drive with PWM signal from open-collector or open-drain transistor, to

adjust output current.
® Connect a capacitor from this pin to ground to activate soft-start.

(soft-start time is approx.0.06ms/nF)

Isense

Connect resistor Rs from this pin to Vin to define nominal average output

current loutnom = 0.1/Rs

ViN

Input voltage (6V to 36V). Decouple to ground with 4.7uF or higher X7R

ceramic capacitor close to device
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ABSOLUTE MAXIMUM RATINGS

A8181

36V, 1.2A LED STEP-DOWN
HIGH BRIGHTNESS LED DRIVER WITH INTERNAL SWITCH

VN, Input Supply Voltage -0.3V to +40V
Visensk, Isense Voltage +0.3V to -5V NOTE1
Vix, LX Output Voltage -0.3V to +40V
VapJ, Adjust Pin Input Voltage -0.3V to +6V
ILx, Switch Output Current 1.5A
Maximum Junction Temperature 150°C
Operating Temperature Range NOTE2 -40°C to 125°C
Storage Temperature Range -55°C to 150°C
Lead Temperature (Soldering, 10s) 300°C

Stresses above may cause permanent damage to the device. These are stress ratings only, and functional operation of the device at
these or any other conditions beyond those indicated in the Electrical Characteristics is not implied. Exposure to absolute maximum
rating conditions for extended periods may affect device reliability.

NOTE1: Visense measured respect to Vin.

NOTEZ2: The A8181 is guaranteed to meet performance specifications from 0°C to 70°C. Specifications over the -40°C to 125°C
operating temperature range are assured by design, characterization and correlation with statistical process controls.

THERMAL RESISTANCE NOTE3

Package

0.

Buc

SOT-25

250°C/W

130°C/W

NOTES3: Thermal Resistance is specified with approximately 1 square of 1 oz copper.
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36V, 1.2A LED STEP-DOWN

HIGH BRIGHTNESS LED DRIVER WITH INTERNAL SWITCH

ELECTRICAL CHARACTERISTICS

Test conditions: Vin=12V, Ta= 25°C, unless otherwise noted.

Parameter Symbol Conditions Min Typ. Max | Units
Input voltage VN 6 - 36 \Y,
Under voltage lock out Vuvio VN Rising - 5.07 - \Y,
UVLO hysteresis Vuvionys) | Vin falling - 4.87 - \Y,
Quiescent supply current with
laoFF) ADJ Pin grounded - 50 100 MA
output off
Quiescent supply current with ADJ Pin floating
laoN) - 1.8 50 mA
output switching f=250KHz
Mean current sense threshold Measure on Isense pin
VISENSE 97 100 103 mV
voltage with respect to Vin
Sense threshold hysteresis V/SENSE(HYS) - +15 - %
Isense pin input current Isense Visense = Vin-0.1 - 1.2 10 MA
ADJ pin floating voltage VapJ ADJ pin floating - 5 - \%
ADJ pin leakage current laDJ ADJ pin grounded - 5 - MA
ADJ pin pull up resistor to internal
Raby - 1 - mQ
supply voltage
DC voltage on ADJ pin to switch
device from active (on) state to VADJ(OFF) Vo falling 0.15 0.2 0.25 \Y,
quiescent (off) state
DC voltage on ADJ pin to switch
device from quiescent (off) state VADJ(ON) VapJ rising 0.2 0.25 0.3 \Y,
to active (on) state
Digital dimming ADJ pin input
VADJ(H) 1.5 - - \%
voltage high
Digital dimming ADJ pin input
VabJ) - - 0.2 \Y
voltage low
DC brightness control Vaby(pc) 0.3 - 1.2 \
Recommended Digital dimming
fapy 0.1 - 20 kHz
frequency
Duty cycle range of PWM signal
applied to ADJ pin during low Dewm(LF) faps =100Hz 0.1 - 100 %
frequency PWM dimming mode
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36V, 1.2A LED STEP-DOWN

HIGH BRIGHTNESS LED DRIVER WITH INTERNAL SWITCH

Brightness control range - 1000:1 - -

Duty cycle range of PWM signal

applied to ADJ pin during high fans =10KHz 5 - 100 %
o Dpwm(HF)
frequency PWM dimming mode

Brightness control range - 20:1 - -

LX switch on resistance Rix - 0.35 0.7 Q
LX switch leakage ILx(LEAK) - 0.1 5 MA
Continuous LX switch current ILx(MEAN) - - 1.2 A

The delay time between
Chip enable delay time Ten, petay | ADJ pin rising edge and - 480 - ns
LX pin falling edge

The delay time between
Chip disable delay time Tens, pecay | ADJ pin falling edge and - 25 - ns
LX pin rising edge

Recommended maximum

] fuxvax) - - 1 MHz
operating frequency
Over temperature protection
Totpe Temperature rising - 160 - °C
threshold
Over temperature protection .
Tsp(Hys) Temperature falling - 20 - °C

hysteresis

NOTE:100% production test at +25°C. Specifications over the temperature range are guaranteed by design and characterization.
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36V, 1.2A LED STEP-DOWN

HIGH BRIGHTNESS LED DRIVER WITH INTERNAL SWITCH
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AiT Semiconductor Inc.

A8181

36V, 1.2A LED STEP-DOWN

HIGH BRIGHTNESS LED DRIVER WITH INTERNAL SWITCH

TYPICAL PERFORMANCE CHARACTERISTICS

Test conditions: Vin =12V, Rs=0.1W, Ta = 25°C, unless otherwise noted.

1. Efficiency vs. Supply Voltage, L=33uH
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2. Output Current Variation vs. Supply Voltage, L=33uH
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36V, 1.2A LED STEP-DOWN

HIGH BRIGHTNESS LED DRIVER WITH INTERNAL SWITCH

7. Operating Frequency Vs. Supply Voltage, L=47uH 8. Duty Cycle Vs. Supply Voltage, L=47uH
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A8181

36V, 1.2A LED STEP-DOWN

HIGH BRIGHTNESS LED DRIVER WITH INTERNAL SWITCH

13. Output Current vs. Supply Voltage, L=100uH
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15. Supply Current vs. Supply Voltage, L=33uH
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17. LED Current vs. Vapy
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18. LX Switch “on” Resistance vs. Temperature
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36V, 1.2A LED STEP-DOWN

HIGH BRIGHTNESS LED DRIVER WITH INTERNAL SWITCH

19. Vaou vs. Temperature, L=47uH 20. Voltage across Rsense vs. Temperature, L=47uH
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36V, 1.2A LED STEP-DOWN

HIGH BRIGHTNESS LED DRIVER WITH INTERNAL SWITCH

DETAILED INFORMATION

The A8181, in conjunction with the coil (L1) and current sense resistor (Rs), forms a self oscillating
continuous-mode buck converter. When input voltage Vi is first applied, the initial current in L1 and Rs is zero
and there is no output from the current sense circuit. Under this condition, the (-) input to the comparator is at
ground and its output is high. This turns on an internal switch and switches the LX pin low, causing current to
flow from Vin to ground, via Rs, L1 and the LED(s). The current rises at a rate determined by Vin and L1 to
produce a voltage ramp (Visense) across Rs. When (Vin-Visense) > 115mV, the output of comparator switches
low and the switch turns off. The current flowing on the Rs decreases at another rate. When (VinVisensg) <

85mV, the switch turns on again and the mean current on the LED is determined by

85+115
(f)mff /Rs =100mV /| Rs

'

The high-side current-sensing scheme and on-board current-setting circuitry minimize the number of external

components while delivering LED current with £3% accuracy, using a 1% sense resistor.

The A8181 allows dimming with a PWM signal at the ADJ input. A logic level below 0.2V at ADJ forces A8181
to turn off the LED and the logic level at ADJ must be at least 1.2V (1.5V recommended) to turn on the full
LED current. The frequency of PWM dimming ranges from 100Hz to more than 20 kHz.

The ADJ pin can be driven by an external DC voltage (VaoJ) to adjust the output current to a value below the
nominalaverage value defined by Rs. The DC voltage is valid from 0.3V to 1.2V. When the dc voltage is
higher than 1.2V, the output current keeps constant. The LED current also can be adjusted by a resistor
connected to the ADJ pin. An internal pull-up resistor (typical 1.0mQ) 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) by a 1.0mQ resistor. 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 circuit. Quiescent supply current
during shutdown is nominally 50uA and switch leakage is below 5uA. Additionally, to ensure the reliability, the
A8181 is built with a thermal shutdown (TSD) protection. The TSD protests the IC from over temperature (160
°C).
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36V, 1.2A LED STEP-DOWN

HIGH BRIGHTNESS LED DRIVER WITH INTERNAL SWITCH

Setting nominal average output current with external resistor Rs.
The nominal average output current in the LED(s) is determined by the value of the external current sense

resistor (Rs) connected between Vin and Isense and is given by:

0.1

Jovr = —
Rs

This equation is valid when ADJ pin is float or applied with a voltage higher than 1.2V (must be less than or
equal to 5V). Actually, Rs sets the maximum average currentwhich can be adjusted to a less one by dimming.
The table below gives values of nominal average output current for several preferred values of current setting

resistor (Rs) in the typical application circuit shown on page 1.

Nominal average output current (mA) Rs(W)
1000 0.1
760 0.13
667 0.15
333 0.3

Output current adjustment by external DC control
The ADJ pin can be driven by an external dc voltage (VabJ), as shown, to adjust the output current to a value

below the nominal average value defined by Rs.

VIN | " R
47uH

3
\\:
=
2z 1 b
T
u1 D1
= CIN z m »
4 FuF = g -
w
»
AD.J
A8181
vAD. ]
( =
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36V, 1.2A LED STEP-DOWN

HIGH BRIGHTNESS LED DRIVER WITH INTERNAL SWITCH

Jour = 1—(0 3V <Vipsr<1.2FV)

Note that 100% brightness setting corresponds to: (1.3V=Vapi<5V)

Output current adjustment by PWM control
A Pulse Width Modulated (PWM) signal with duty cycle PWM can be applied to the ADJ pin, as shown below,
to adjust the output current to a value below the nominal average value set by resistor Rs:

Jour = 22D 6 < D <100%.1.2 < Vi < 57)

S

_ Veursex0.1x D

fotr (0D <100%, 0.3V <Veurse <1.2V)
- |
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36V, 1.2A LED STEP-DOWN

HIGH BRIGHTNESS LED DRIVER WITH INTERNAL SWITCH

PWM dimming provides reduced brightness by modulating the LED’s forward current between 0% and 100%.
The LED brightness is controlled by adjusting the relative ratios of the on time to the off time. A 25%
brightness level is achieved by turning the LED on at full current for 25% of one cycle. To ensure this
switching process between on and off state is invisible by human eyes, the switching frequency must be
greater than 100 Hz. Above 100 Hz, the human eyes average the on and off times, seeing only an effective
brightness that is proportional to the LED’s on-time duty cycle. The advantage of PWM dimming is that the
forward current is always constant, therefore the LED color does not vary with brightness as it does with
analog dimming. Pulsing the current provides precise brightness control while preserving the color purity. The

dimming frequency of A8181 can be as high as 20 kHz.

Shutdown mode
Taking the ADJ pin to a voltage below 0.2V will turn off the output and the supply current will fall to a low

standby level of 50pA nominal.

Soft-start
An external capacitor from the ADJ pin to ground will provide soft-start delay, by increasing the time taken for
the voltage on this pin to rise to the turn-on threshold Adding capacitance increases this delay by

approximately 0.06ms/nF.

Inherent open-circuit LED protection
If the connection to the LED(s) is opencircuited, the coil is isolated from the LX pin of the chip, so the device

will not be damaged.

Capacitor selection

A low ESR capacitor should be used for input decoupling, as the ESR of this capacitor appears in series with
the supply source impedance and lowers overall efficiency. This capacitor has to supply the relatively high
peak current to the coil and smooth the current ripple on the input supply. A minimum value of 4.7uF is
acceptable if the input source is close to the device, but higher values will improve performance at lower input
voltages, especially when the source impedance is high. The input capacitor should be placed as close as
possible to the IC. For maximum stability over temperature and voltage, capacitors with X7R, X5R, or better
dielectric are recommended. Capacitors with Y5V dielectric are not suitable for decoupling in this application

and should not be used.

Inductor selection

Recommended inductor values for the A8181 are in the range 27uH to 100uH. Higher values of inductance
are recommended at lower output current in order to minimize errors due to switching delays, which result in
increased ripple and lower efficiency. Higher values of inductance also result in a smaller change in output

current over the supply voltage range. The inductor should be mounted as close to the device as possible with
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36V, 1.2A LED STEP-DOWN

HIGH BRIGHTNESS LED DRIVER WITH INTERNAL SWITCH

low resistance connections to the LXand Vin pins. The chosen coil should have a saturation current higher
than the peak output current and a continuous current rating above the required mean output current. Suitable

coils for use with the A8181 are listed in the table below:

L(uH) | DCR(W) | Isat(A)
33 0.093 2.3
47 0.128 2
68 0.213 1.6
100 0.304 1.3

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

The following equations can be used as a guide.

LX Switch 'On' time

T LxAT
O_‘..' p—
Viv—Viep — Lis X (Rs + R + Rrx)
Lx Switch 'Off time
LXAI
Torr =

Viep+ Vb + Live(Rs + Rr)

Where:

L is the coil inductance (H)

RL is the coil resistance (Q)

Rs is the current sense resistance (Q)

Iave is the required LED current (A)

A is the coil peak-peak ripple current (A) (Internally set to 0.3 x lave)
VN is the supply voltage (V)

Viep is the total LED forward voltage (V)

Ruix is the switch resistance (Q) (=0.35T nominal)

Vb is the diode forward voltage at the required load current (V)
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36V, 1.2A LED STEP-DOWN

HIGH BRIGHTNESS LED DRIVER WITH INTERNAL SWITCH

Diode selection

For maximum efficiency and performance, the rectifier (D1) should be a fast low capacitance Schottky diode
with low reverse leakage at the maximum operating voltage and temperature. They also provide better
efficiency than silicon diodes, due to a combination of lower forward voltage and reduced recovery time. It is
important to select parts with a peak current rating above the peak coil current and a continuous current rating
higher than the maximum output load current. It is very important to consider the reverse leakage of the diode
when operating above 85°C. Excess leakage will increase the power dissipation in the device and if close to
theload may create a thermal runaway condition. The higher forward voltage and overshoot due to reverse
recovery time in silicon diodes will increase the peak voltage on the LX output. If a silicon diode is used, care
should be taken to ensure that the total voltage appearing on the LX pin including supply ripple, does not

exceed the specified maximum value.

Reducing output ripple
Peak to peak ripple current in the LED(s) can be reduced, if required, by shunting a capacitor CLep across the

LED(s) as shown below:

RS S
v AR .
IN [ 47uH
?
L CLED
T 1uF
2
29, 1
3
CIN ut o
W
- 4. 7uF :E, @ a
@
— AP A8181
o
=
@

A value of 1uF will reduce the supply ripple current by a factor three (approx.). Proportionally lower ripple can
be achieved with higher capacitor values. Note that the capacitor will not affect operating frequency or

efficiency, but it will increase start-up delay and reduce the frequency of dimming, by reducing the rate of rise
of LED voltage. By adding this capacitor the current waveform through the LED(s) changes from a triangular

ramp to a more sinusoidal version without altering the mean current value.
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Operation at low supply voltage

The internal regulator disables the drive to the switch until the supply has risen above the startup threshold
(VuvLo). Above this threshold, the device will start to operate. However, with the supply voltage below the
specified minimum value, the switch duty cycle will be high and the device power dissipation will be at a
maximum. Care should be taken to avoid operating the device under such conditions in the application, in
order to minimize the risk of exceeding the maximum allowed die temperature. (See next section on thermal
considerations). The drive to the switch is turned off when the supply voltage fallsbelow the under-voltage
threshold (Vuvio- 0.2V). This prevents the switch working with excessive 'on' resistance under conditions

where the duty cycle is high.

Thermal considerations

When operating the device at high ambient temperatures, or when driving maximum load current, care must
be taken to avoid exceeding the package power dissipation limits. The graph below gives details for power
derating. This assumes the device to be mounted on a 25mm?2 PCB with 10z copper standing in still air. Note
that the device power dissipation will most often be a maximum at minimum supply voltage. It will also
increase if the efficiency of the circuit is low. This may result from the use of unsuitable coils, or excessive

parasitic output capacitance on the switch output.

Max. Power Dissipation
1600
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1000

200 \\\

400 \\\\\
200

\

-4D 20 D 20 40 &0 ] 100 120 140
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Thermal compensation of output current

High luminance LEDs often need to be supplied with a temperature compensated current in order to maintain
stable and reliable operation at all drive levels. The LEDs are usually mounted remotely from the device, so
internal circuits for the A8181 have been optimized to minimize the change in output current when no
compensation is employed. If output current compensation is required, it is possible to use an external

temperature sensing network - normally using Negative Temperature Coefficient (NTC) thermistors and/or
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diodes, mounted very close to the LED(s). The output of the sensing network can be used to drive the ADJ pin

in order to reduce output current with increasing temperature.

Thermal shutdown protection
To ensure the reliability, the A8181 is built with a thermal shutdown (TSD) protection function. The TSD
protests the IC from over temperature (160°C). When the chip temperature decreases (140°C), the IC

recovers again.

Layout considerations

Careful PCB layout is critical to achieve low switching losses and stable operation. Use a multilayer board
whenever possible for better noise immunity. Minimize ground noise by connecting high-current ground
returns, the input bypass-capacitor ground lead, and the output-filter ground lead to a single point (star ground

configuration).

LX pin
The LX pin of the device is a fast switching node, so PCB tracks should be kept as short as possible. To

minimize ground 'bounce’, the ground pin of the device should be soldered directly to the ground plane.

Coil and decoupling capacitors and current sense resistor

It is particularly important to mount the coil and the input decoupling capacitor as close to the device pins as
possible to minimize parasitic resistance and inductance, which will degrade efficiency. It is also important to
minimize any track resistance in series with current sense resistor Rs. It's best to connect Vin directly to one
end of Rs and Isense directly to the opposite end of Rs with no other currents flowing in these tracks. It is
important that the cathode current of the Schottky diode does not flow in a track between Rs and VIN as this

may give an apparent higher measure of current than is actual because of track resistance.

ADJ pin
The ADJ pin is a high impedance input, so when left floating, PCB traces to this pin should be as short as
possible to reduce noise pickup. ADJ pin can also be connected to a voltage between 1.2V~5V. In this case,

the internal circuit will clamp the output current at the value which is set by ADJ=1.2V.

High voltage traces
Avoid running any high voltage traces close to the ADJ pin, to reduce the risk of leakage due to board
contamination. Any such leakage may raise the ADJ pin voltage and cause excessive output current. A

ground ring placed around the ADJ pin will minimize changes in output current under these conditions.
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Dimension in SOT-25 (Unit: mm)
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Symbol Min Max
A 1.050 1.250
A1 0.000 0.100
A2 1.050 1.150
b 0.300 0.500
c 0.100 0.200
2.820 3.020
E 1.500 1.700
E1 2.650 2.950
e 0.950(BSC)
e 1.800 2.000
L 0.300 0.600
6 0° 8°
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IMPORTANT NOTICE

AIT Semiconductor Inc. (AiT) reserves the right to make changes to any its product, specifications, to
discontinue any integrated circuit product or service without notice, and advises its customers to obtain the
latest version of relevant information to verify, before placing orders, that the information being relied on is

current.

AIT Semiconductor Inc.'s integrated circuit products are not designed, intended, authorized, or warranted to
be suitable for use in life support applications, devices or systems or other critical applications. Use of AiT
products in such applications is understood to be fully at the risk of the customer. As used herein may
involve potential risks of death, personal injury, or servere property, or environmental damage. In order to
minimize risks associated with the customer's applications, the customer should provide adequate design and

operating safeguards.

AIT Semiconductor Inc. assumes to no liability to customer product design or application support. AiT

warrants the performance of its products of the specifications applicable at the time of sale.
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