
30V, 1.2A Step-Down High Brightness Led Driver

Features
l Simple Low Parts Count

l Wide Input Voltage Range: 4.5V To 30V

l Up To 1.2A Output Current

l Single Pin On/Off And Brightness Using Dc

Voltage Or Pwm

l Up To 1Mhz Switching Frequency

l Typical 5% Output Current Accuracy

l Inherent Open-Circuit Led Protection

l High Efficiency (Up To 97%)

l High-Side Current Sense

l Hysteretic Control: No Compensation

l Adjustable Constant Led Current

l Sot89-5 For Large Output Power Application

l Rohs Compliant

Applications
l Low Voltage Halogen Replacement Leds

l Automotive Lighting

l Low Voltage Industrial Lighting

l Led Back-Up Lighting

l Illuminated Signs

l Selv Lighting

l Lcd Tv Backlightin

General Description

The DX4115L Is a Continuous Conduction Mode Inductive Step-Down Converter, Designed For Driving Single Or

Multiple Series Connected Led Efficiently From a Voltage Source Higher Than The Total Led Chain Voltage.

The Device Operates From An Input Supply Between 4.5V And 30V And Provides An Externally Adjustable

Output Current Of Up To 1.2A. Depending Upon The Supply Voltage And External Components, The DX4115L Can

Provide More Than 30 Watts Of Output Power.

The DX4115L Includes The Power Switch And a High-Side Output Current Sensing Circuit, Which Uses An

External Resistor To Set The Nominal Average Output Current, And a Dedicated Dim Input Accepts Either a Dc

Voltage Or a Wide Range Of Pulsed Dimming. Applying a Voltage Of 0.3V Or Lower To The Dim Pin Turns

The Output Off And Switches The Device Into a Low Current Standby State.

The DX4115L Is Available In Sot89-5 Packages

Ordering Information

Package Temperature Range Ordering Part Number Transport Media Marking

SOT89-5 -40 To 85℃ DX4115L 1000 4115
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Typical Application Circuit

Pin Assignment

Pin Descriptions

Pin No Pin Name Description

1 SW Switch Output. SW is the drain of the internal N-Ch MOSFET switch.

2 GND Signal and power ground. Connect directly to ground plane.

3 DIM Logic level dimming input. Drive DIM low to turn off the current regulator.
Drive DIM high to enable the current regulator.

4 CSN Current sense input

5 VIN Input Supply Pin. Must be locally bypassed.

- Exposed PAD Internally connected to GND.
Mount on board for lower thermal resistance.
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Absolute Maximum Ratings1

Recommended Operating Range

Note:

1: Absolute Maximum Ratings Indicate Limits Beyond Which Damage To The Device May Occur. Recommended

Operating Range Indicates Conditions For Which The Device Is Functional, But Do Not Guarantee Specific

Performance Limits. Electrical Characteristics State Dc And Ac Electrical Specifications Under Particular Test

Conditions Which Guarantee Specific Performance Limits. This Assumes That The Device Is Within The

Operating Range. Specifications Are Not Guaranteed For Parameters Where No Limit Is Given, However, The

Typical Value Is a Good Indication Of Device Performance.

2: The Maximum Power Dissipation Must Be Derated At Elevated Temperatures And Is Dictated By TJMAX,RθJA,

And The Ambient Temperature TA. The Maximum Allowable Power Dissipation Is PDMAX = (TJMAX- TA)/,RθJA

Or The Number Given In Absolute Maximum Ratings, Whichever Is Lower.

3: Human Body Model,100pF Discharged Through a 1.5KΩ Resistor.

Symbol Items Value Unit

VIN Supply Voltage -0.3~40 V

SW Drain Of The Internal Power Switch -0.3~40 V

CSN Current Sense Input (Respect To VIN) +0.3~(-6.0) V

DIM Logic Level Dimming Input -0.3~12 V

ISW Switch Output Current 1.5 A

PDMAX Power Dissipation2 1.5 W

PTR Thermal Resistance,Sot89-5 45 ℃/W

TJ Operation Junction Temperature Range -40~150 ℃

TSTG Storage Temperature -55~150 ℃

ESD Susceptibility3 2 KV

Symbol Items Value Unit

VIN VDD Supply Voltage 4.5 ~ 30 V

TOPT Operating Temperature -40 ~ 85 ℃
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Electrical Characteristics4,5

The Following Specifications Apply For VIN=12V,TA=25℃, Unless Specified Otherwise.

Symbol Items Conditions Min. Typ. Max. Unit

VIN Input Voltage 4.5 30 V

VUVLO Under Voltage Lock Out VIN Falling 4 4.3 V

VUVLO,HYS UVLO Hysterisis VIN Rising 300 mV

FSW Max.Switching Frequency 1 MHz

Current Sense

VCSN
Mean Current Sense
Threshold Voltage VIN - VCSN 95 98 105 Mv

VCSN_HYS Sense Threshold Hysteresis ±15 %

ICSN CSN Pin Input Current VIN - VCSN = 50mV 8 µA

Operating Current

IOFF
Quiescent Supply Current

With Output Off VDIM < 0.3V 90 µA

Dim Input

VDIM Internal Supply Voltage DIM Floating 4 V

VDIM_H DIM Input Voltage High 2.5 V

VDIM_L DIM Input Voltage Low 0.3 V

VDIM_DC DC Brightness Control 0.5 2.5 V

FDIM Max.DIM Frequency FOSC=500KHz 50 KHz

DPWM_LF

Duty Cycle Range Of
Low Frequency

Dimming
FDIM=100Hz 0.02% 1

Brightness Control Range 5000:1
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Electrical Characteristics (Continued) 4,5

Symbol Items Conditions Min. Typ. Max. Unit

Dim Input

Dpwm_Hf

Duty Cycle Range Of High
Frequency Dimming FDIM =20Khz 4% 1

Brightness Control Range 25:1

Rdim Dim Pull Up Resistor To
Internal Supply Voltage 1000 KΩ

Idim_L Dim Input Leakage Low VDIM=0 10 uA

Output Switch

RSW SW On Resistance
VIN=12V 0.4

Ω
VIN=24V 0.4

ISWmean Continuous Sw Current 1.2 A

ILEAK SW Leakage Current 0.5 5 µA

Thermal Shutdown

TSD Thermal Shutdown Threshold 160 ℃

TSD-HYS Thermal Shutdown Hysteresis 20 ℃

Note:

4.Typical Parameters Are Measured At 25˚C And Represent The Parametric Norm.
5. Datasheet Min/Max Specification Limits Are Guaranteed By Design, Test, Or Statistical Analysis.

Simplified Block Diagram
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Operation Description
The Device, In Conjunction With The Coil (L1) And Current Sense Resistor (RS), Forms a Self Oscillating
Continuous- Mode Buck Converter.

When Input Voltage VIN 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 Output Of Cs Comparator Is High. This Turns On An

Internal Switch And Switches The SW 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 (VCSN)

Across RS. When (VIN-VCSN) > 115mv, The Output Of Cs Comparator Switches Low And The Switch Turns Off.

The Current Flowing On The Rs Decreases At Another Rate. When (VIN-VCSN) < 85mv, The Switch Turns On

Again And The Mean Current On The Led Is Determined By

The High-Side Current-Sensing Scheme And On-Board Current-Setting Circuitry Minimize The Number Of

External Components While Delivering Led Current With ±5 % Accuracy, Using a 1% Sense Resistor.

The DX4115L Allow Dimming With a Pwm Signal At The Dim Input. A Logic Level Below 0.3V At Dim

Forces DX4115L To Turn Off The Led And The Logic Level At Dim Must Be At Least 2.5V To Turn On The Full

Led Current. The Frequency Of Pwm Dimming Ranges From 100Hz To More Than 20 Khz.

The Dim Pin Can Be Driven By An External Dc Voltage (VDIM) To Adjust The Output Current To a Value Below

The Nominal Average Value Defined By Rs. The Dc Voltage Is Valid From 0.5V To 2.5V. When The Dc Voltage Is

Higher Than 2.5V, The Output Current Keeps Constant. The Led Current Also Can Be Adjusted By a Resistor

Connected To The Dim Pin. An Internal Pull-Up Resistor (Typical 1000KΩ) Is Connected To a 5V Internal

Regulator. The Voltage Of Dim Pin Is Divided By The Internal And External Resistor.

The Dim Pin Is Pulled Up To The Internal Regulator (5V) By a 1000KΩ Resistor. It Can Be Floated At Normal

Working. When a Voltage Applied To Dim Falls Below The Threshold (0.3V 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 90ua And Switch Leakage Is Below

5ua.

Additionally, To Ensure The Reliability, The DX4115L Is Built With a Thermal Shutdown (Tsd) Protection And a

Thermal Pad. The Tsd Protests The Ic From Over Temperature (160℃). Also The Thermal Pad Enhances Power

Dissipation. As a Result, The DX4115L Can Handle a Large Amount Of Current Safely.
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Typical Performance Characteristics
Fdim=1Khz Duty=10%

Fdim=10Khz Duty=50%

Switching Waveform
Rs=0.083,Vin=30V,L=68uh

Fdim=1Khz Duty=90%

Fdim=100Hz Duty=50%
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Application Notes
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 Csn And Is Given By:

IOUT=0.1/ Rs (Rs≥0.082Ω)

This Equation Is Valid When Dim Pin Is Float Or Applied With a Voltage Higher Than 2.5V (Must Be Less Than

5V). Actually, Rs Sets The Maximum Average Current Which Can Be Adjusted To a Less One By Dimming.

Output Current Adjustment By External Dc Control Voltage

The Dim Pin Can Be Driven By An External Dc Voltage (VDIM), As Shown, To Adjust The Output Current To a

Value Below The Nominal Average Value Defined By RS.

The Average Output Current Is Given By: IOUT = (0.5V≤VDIM≤2.5V)

Note That 100% Brightness Setting Corresponds To: (2.5V ≤ VDIM ≤ 5V)

Output Current Adjustment By Pwm Control

A Pulse Width Modulated (PWM) Signal With Duty Cycle PWM Can Be Applied To The Dim Pin, As Shown Below,

To Adjust The Output Current To a Value Below The Nominal Average Value Set By Resistor Rs:
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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 DX4115L Can Be As High As 20 KHz.

Shutdown Mode

Taking The Dim Pin To a Voltage Below 0.3V Will Turn Off The Output And The Supply Current Will Fall To a

Low Standby Level Of 90μa Nominal.

Soft-Start

An External Capacitor From The Dim Pin To Ground Will Provide Additional Soft-Start Delay, By Increasing The

Time Taken For The Voltage On This Pin To Rise To The Turn-On Threshold And By Slowing Down The Rate Of

Rise Of The Control Voltage At The Input Of The Comparator. Adding Capacitance Increases This Delay By

Approximately 0.8ms/Nf.

Inherent Open-Circuit Led Protection

If The Connection To The Led(s) Is Open-Circuited, The Coil Is Isolated From The Sw Pin Of The Chip, So The

Device And Led 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 Dc Input Source Is Close To The Device, But Higher Values Will Improve Performance At

Lower Input Voltages,
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Especially When The Source Impedance Is High. For The Rectified Ac Input, The Capacitor Should Be Higher

Than 100uf And The Tantalum Capacitor Is Recommended. 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. A Suitable Murata Capacitor Would Be Grm42-2X7R475K-50.

The Following Web Sites Are Useful When Finding Alternatives:

www.Murata.Com ; www.t-Yuden.Com ; Www.Avxcorp.Com

Inductor Selection

Recommended Inductor Values For The DX4115L 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. (See Graphs). The Inductor Should Be Mounted As

Close To The Device As Possible With Low Resistance Connections To The Sw And 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.

Following Table Gives The Guideline On Inductor Selection:

Load Current Inductor Saturation Current

IOUT>1A 27-47uH

1.3-1.5 Times Of Load Current

0.8A<IOUT≤1A 33-82uH

0.4A<IOUT≤0.8A 47-100uH

IOUT≤0.4A 68-220uH

Suitable Coils For Use With The DX4115L Are Listed In The Table Below:

Part No. L(uH) DCR (Ω) ISAT (A) Manufacturer

MSS1038-333 27 0.089 2.48

MSS1038-333 33 0.093 2.3

MSS1038-473 47 0.128 2

MSS1038-683 68 0.213 1.6

MSS1038-104 100 0.304 1.3
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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.

SW Switch 'On' Time

Ton - L×Δi
Vin-Vled -Iavg×(Rs+Rl+Rsw)
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Sw Switch 'Off' Time

Where:

L Is The Coil Inductance (H)

RL Is The Coil Resistance (Ω)

RS Is The Current Sense Resistance (Ω)

Iavg Is The Required Led Current (A)

ΔI Is The Coil Peak-Peak Ripple Current (A)

VIN Is The Supply Voltage (V)

VLED Is The Total Led Forward Voltage (V)

RSW Is The Switch Resistance (Ω) {=0.6Ω Nominal}

VD Is The Diode Forward Voltage At The Required Load Current (V)

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 The Load 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 Sw Output. If a Silicon Diode Is Used, Care Should Be Taken To Ensure That The Total

Voltage Appearing On The Sw Pin Including Supply Ripple, Does Not Exceed The Specified Maximum Value. The

Following Web Sites Are Useful When Finding Alternatives: Www.Onsemi.Com

Reducing Output Ripple

Peak To Peak Ripple Current In The Led(s) Can Be Reduced, If Required, By Shunting a Capacitor CLED
Across The LED(s) As Shown Below:
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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.

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

Falls Below The Under-Voltage Threshold (Vuvlo-0.5V). 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 25mm2 Pcb With 1oz 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. When The Application Is Limited By The Internal

Power Dissipation Of The Device, The Esop8 Package Is Recommended Because Of Its Enhanced Power

Dissipation Ability.

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，For This Reason, The Temperature Coefficients Of The Internal Circuits For The DX4115L Have

Been Optimized To Minimize The Change In Output Current When No Compensation Is Employed. If Output

Current Compensation Is Required, It Is
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Possible To Use An External Temperature Sensing Network - Normally Using Negative Temperature Coefficient

(NTC) Thermistors And/Or Diodes, Mounted Very Close To The Led(s). The Output Of The Sensing Network

Can Be Used To Drive The Dim Pin In Order To Reduce Output Current With Increasing Temperature.

Thermal Shutdown Protection

To Ensure The Reliability, The DX4115L Is Built With a Thermal Shutdown (Tsd) Protection Function. The Tsd

Protests The Ic From Over Temperature (160℃ ) . When The Chip Temperature Decreases (140℃ ) , 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).

SW Pin

The Sw 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 Ofrs And Csn Directly To The

Opposite End Ofrs 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.
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Package Description
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