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Step down LED Controller for high power LEDs

1 Features

+ Wide input voltage range: 4.5V ... 42V :

» Capable to drive N-channel MOSFETs that provide up to 3 A output g/LL
current and up to 98% efficiency éi‘LL,'

» Temperature shut down mechanism

» Switching frequency up to 500 kHz SC74-3D

* Analog and PWM dimming possible

» Typical 3 % output current accuracy

» Very low LED current drift over temperature

*  Minimum external component required
» Small package: SC-74

RoHS

Applications

» LED controller for indoor and outdoor illumination

* LED replacement lamps, e.g. MR16 halogen replacement
* Retail, office and residential high power luminaires

» Architectural lighting

* Downlights and light engines

* Appliances, e.g. fridge / freezer

Product Name Package Pin Configuration Marking
ILD4001 SC74-6-4  [1=Vs |2=GND [3=EN [4=V, |5=GND 6=V, |01

sense
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2 Product Brief

Product Brief

The ILD4001 is a hysteretic buck LED controller IC for driving high power LEDs in indoor and outdoor lighting

applications.

The LED controller is capable of driving an external MOSFET power transistor with the internal push-pull output
stage to achieve LED currents of 350 mA up to 3 A and more depending on the dimensioning of the MOSFET, the
thermal budget of the circuit board and the current sense resistor.

The ILD4001 is widely suitable for LED applications with supply voltages up to 42 V. A multifunctional enable pin
allows dimming of the LEDs with DC voltage or a PWM signal. Furthermore the enable pin can be used to switch
the LED controller on and off to minimize power consumption in standby.

The ILD4001 incorporates an integrated thermal shutdown function pulling low the Vg, output signal once the
junction temperature exceeds the threshold temperature. Once the junction temperature drops below the
threshold temperature the V. output is activated again.

To provide maximum design flexibility, the ILD4001 is housed in a small SC-74 package.

Buck LED Controller

ILD4001

GNDJ] 2

EN/
PWM

e

Vref

Vstab

Vstab ]

1 /V

—E Vsense

TSD

Vstab

GND

Vdrive

Figure 1 Block Diagram
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Pin Definition

Product Brief

Table 1 Pin Definition and Function
Pin No. Name Pin Buffer Function
Type |Type
1 V, Input |- Supply voltage
2 GND GND |- IC ground
EN/PWM Input |- Multifunctional pin:
» Chip enable signal
* Analog dimming signal
*+  PWM dimming signal
Vgrive Output |— Push-pull switch output pin
5 GND GND |- IC ground
6 Vense Input |- LED current sense pin

Data Sheet
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3 Maximum Ratings
Table 2 Maximum Ratings
Parameter Symbol Values Unit Note /
Min. Typ. Max. Test Condition
Supply voltage Vg - - 45 \Y -
Peak output current Larive - - 50 mA -
Total power dissipation, T, < 115°C Piot - - 500 mwW -
Junction temperature T, - - 150 °C -
Solder temperature of GND pins Tsenp - - 125 °C -
Storage temperature range Tsra -65 - 150 °C -
ESD capability VEsp Hem kV HBM acc. to
at pin 4 - - 1 JESD22-A114
at all other pins - - 4

Attention: Stresses above the max. values listed here may cause permanent damage to the device.
Exposure to absolute maximum rating conditions for extended periods may affect device
reliability. Maximum ratings are absolute ratings; exceeding only one of these values may
cause irreversible damage to the integrated circuit.

Data Sheet
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4 Thermal Characteristics
Table 3 Maximum Thermal Resistance
Parameter Symbol Values Unit Note /
Min. Typ. Max. Test Condition
Junction - soldering point” | Ry, - - 70 K/W -

1) For calculation of Ry, please refer to application note ANO77, “Thermal Resistance Calculation”
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Figure2  Total Power Dissipation vs. Soldering Point Temperature Tg

Equation (1) is a first estimation to calculate the power dissipation of the IC:

P

Data Sheet

tot =Vs ) Is + fSWitch -C

drive ©

V-5V

11

(1)
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Electrical Characteristics

5 Electrical Characteristics

5.1 DC Characteristics
All parameters at T, = 25 °C, Vg =12V, Vg = 3V, unless otherwise specified.

Table 4 DC Characteristics

Parameter Symbol Values Unit |Note/
Min. Typ. Max. Test Condition
Supply voltage Vg 4.5 - 42 Y -
Overall current consumption open load Is open toad |~ 4.2 - mA |Vg=45V,
Overall current consumption open load | I qpenioad | = 5.1 - mA  |[Vg=40V,
Overall current consumption open load | I qpenioad | = 5.3 - mA  |Vg=42V,
Overall standby current consumption Isstandby |~ - 260 nA Vg=45YV,
Ven=04V
Overall standby current consumption Isstandby |~ - 360 nA V=40V,
Ven =04V
Enable voltage for standby mode” Ven 0 - 0.4 \Y,
Enable voltage for analog dimming? Ven 1 - 42 Vv
Enable voltage for linear analog dimming | Vg 1 - 2 V linear dimming range
Input current of multifunctional control pin | Igy - 150 270 HA Ven =3V
Current of Sense input lsense - 20 - HA At any LED current
Termperature shut down threshold T1sp - 120 - °C V4rive gets pulled low,
refersto T,

1) In standby mode ILD4001 doesn’t pull low the V. signal. Depending on gate capacitance driven a 10 - 100 kQ shunt
resistor to GND is required to avoid a floating gate of the MOSFET. A discharge time of about 1 us is recommended.

2) Ve line requires a shunt resistor to GND to avoid a floating gate of the MOSFET for a Vg voltage below the min. specified
limit

Data Sheet 12 Revision 2.0, 2011-06-09
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5.2 Switching Characteristics
All parameters at T, = 25 °C, unless otherwise specified.
Vg =12V, Rggnse = 158 MQ (I gp = 730 mA), L =68 pH, Vg =3V

Table 5 Switching Characteristics

Electrical Characteristics

Parameter Symbol Values Unit Note / Test Condition
Min. Typ. Max.

Switching frequency fowitch - 200 - kHz 3 LEDs in series

Maximum switching frequency fowitchmax | — 500 kHz for any coil value

Output voltage in push-high Vdrive_nigh |~ 5 - \ lyrive = 10 MA

condition

Output voltage in pull-low Virive low |~ 250 - mV lirive = -10 MA

condition

Voltage offset of Vggnee input” Veense - 116 - mV 3 LEDs in series,
Vs-Vigp 23V

Sense threshold hysteresis Veensehys |~ 15 - % At any LED current

Output current accuracy loutace - 3 - % 3 LEDs in series

Output current drift over supply | ljacevs - 6 - % 3 LEDs in series

voltage Vg=12 ...42V

1) Voltage offset below supply voltage Vg

Data Sheet 13
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5.3 Digital Signals
All parameters at T, = 25 °C, unless otherwise specified.

Table 6 Digital Control Parameter at Pin EN/PWM

Parameter Symbol Values Unit Note /

Min. Typ. Max. Test Condition
Input voltage for power on Von 25 3 42 V Full LED current
Input voltage for power off" Vo -0.3 - 0.4 \Y -
Min. power on puls duration ton 10 VS

1) During power off ILD4001 doesn’t pull low the V. signal. Depending on gate capacitance driven a 10 - 100 kQ shunt
resistor to GND is required to avoid a floating gate of the MOSFET. A discharge time of about 1 us is recommended.

Data Sheet 14 Revision 2.0, 2011-06-09



* ILD4001
@I HEOH Step down LED Controller for high power LEDs

Basic Application Information

6 Basic Application Information

This section covers the basic information required for calculating the parameters for a certain LED application.

For detailed application information please check the application note AN213 (Driving 2 - 5 W LEDs with ILD4001)
or visit our web site http://www.infineon.com/lowcostleddrivers

6.1 External MOSFET

An external MOSFET is required to drive the LEDs in the ILD4001 application. There are a few factors to be
considered while choosing the suitable external MOSFET. First, choose the correct voltage and current rating of
the MOSFET. Please ensure the V4 breakdown voltage and 55 current capability is sufficient and ensure that the
external MOSFET is working within the safe operating area region of DC mode. Second, the logic high level from
ILD4001 is 5 V and the external MOSFET must be able to be driven with a 5 V gate voltage. Third, choose a low
Rpson MOSFET to improve the efficiency of the system.

The BSR302N is recommended for supply voltages up to 30 V and an output current up to 3.7 A. For higher supply
voltages up to 42 V, the BSP318S is recommended with an output current of up to 2.6 A.

For an overview of all suitable MOSFETSs please visit http://www.infineon.com/smallsignalmosfets

6.2 Setting the Average LED Current

The average output current for the LEDs is set by the external sense resistor R,,... TO calculate the value of this
resistor a first approximation can be calculated using Equation (2).

Veense 1S dependent on the supply voltage V, and the number of LEDs in series.
Rsense :Vsense
I LED (2)

Example Calculation

V=12V, | gp =730 mA, L =68 pH, V;gp =3V, 3 LEDs in series
For this configuration V. Will settle at 116 mV.

— Rgense = 158 mQ according to Equation (2)

An easy way to achieve this resistor value is to connect several standard resistors in parallel.

Data Sheet 15 Revision 2.0, 2011-06-09
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6.3 Dimming of the LEDs

Analog Voltage Dimming

The voltage level of the EN/PWM pin can be used for analog dimming of the LED current. The analog dimming
characteristic graph is shown in Figure 3. To achieve a linear change in LED current versus control voltage the
recommended voltage range at the EN/PWM pin is 1 V to 2 V. The maximum achievable LED current is defined
by resistor Ry.nee- The maximum LED current will be achieved for Vg 2 2.5 V as shown in Figure 4.

Below 0.4 V the ILD4001 is set to standby mode and the output is switched off. In standby mode ILD4001 doesn’t
pull low the V. output signal driving the gate of the external MOSFET. Depending on gate capacitance driven a
10 - 100 kQ shunt resistor to GND is required to avoid a floating gate of the MOSFET. Furthermore a gate
discharge time of about 1 ps is recommended.

[ 75mQ, 47uH —— | _—
ja | 110mQ 68 pH —— e

158 mQ, 68 yH ———— e

1.2
n / _—

S
0:6' / / g
0.4-//

-~

0.2 =

I gp [A]
o
o
N

1 1.5 2 25 3
Ven [V]

Figure 3  Analog Voltage Dimming (12V, 3 LEDs, T,=25°C) vs. R ¢pnee
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110 —m——————————————
L 75mQ, 47 uH ——

100 - 110 mQ, 68 yH ——
90 | 158 mQ, 68 uH —— /

I gp [%]

10 |

1 1.5 2 25 3
Ven [V]

Figure4  Analog Voltage Dimming (Relative) vs. Rg, e

40— T T[T
11— 25°C — //7
- 85C— / /
105 °
0.8 ///
< 06 A
=
~
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O L L L L L L L L L L L L L L L L
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Figure 5  Analog Voltage Dimming vs. T, (12V, 3 LEDs, 110 mQ, 47 pH)
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PWM Dimming

Besides the analog dimming functionality the EN/PWM pin acts as input for a pulse width modulated (PWM) signal
to control the dimming of the LED string. For PWM dimming the signal's logic high level should be at least 2.5 V
and the PWM frequency should be lower than 5 kHz. For the ILD4035/4001 demo board a dimming frequency less
than 330 Hz is recommended to maintain a maximum contrast ratio of 100:1. The achieveable contrast ratio is
shown on Figure 6 based on the measured average LED current deviating 3 dB from the linear reference. The
maximum contrast ratio depends mainly on the rise time of the inductor current and is thus dependent on supply
voltage, inductor size and LED string forward voltage.

1000
\\

o 100 \\\
© ~.
m 1
g ‘\\\
T ~
o
O 10 \\\

1

100 1000 10000

PWM Dimming Frequency [HZz]

Figure 6 PWM Dimming: 3 dB Deviation of Contrast Ratio to Linear Dimming (12 V, 68 uH, 3 LEDs)

During the low state of the PWM signal ILD4001 doesn’t pull low the V. signal. Depending on gate capacitance
driven and intended gate discharge time (about 1 ys is recommended) a 10 - 100 kQ shunt resistor to GND is
required to avoid a floating gate of the MOSFET.

6.4 Switching Parameters

For all shown switching parameters ILD4001 has been measured on evaluation board ILD4035/4001 using a
BSP318S N-channel MOSFET at T, = 25 °C. Used LEDs have a typical V; g of 3 V. See application note AN213
for further details.
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Performance vs. supply voltage and number of LEDs: R, = 75 mQ, L =33 yH, Vi g(n =3V

| gp versus Vg and Number of LEDs
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Tswitch Versus Vg and Number of LEDs
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Performance vs. supply voltage and number of LEDs: R, = 75 mQ, L =47 yH, Vi g(n =3V

| gp versus Vg and Number of LEDs Tswitch Versus Vg and Number of LEDs
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Performance vs. supply voltage and number of LEDs: R ..o = 158 mQ, L =47 yH, V; g, =3V

| gp versus Vg and Number of LEDs
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Performance vs. supply voltage and number of LEDs: R ., = 158 mQ, L =68 pH, V; g, =3V

| gp versus Vg and Number of LEDs Tswitch Versus Vg and Number of LEDs
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LED current vs. soldering point temperature Tg (Vg =12V, V; . =3V, 3 LEDs)

I ep versus Tg (Rsense =75 mQ, L = 47 pH)
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I gp versus Tg (Rgense = 158 mQ, L = 68 uH)
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I ep versus Tg (Rgense = 110 mOhm, L = 68 pH)
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@I HEO/H Step down LED Controller for high power LEDs

Application Circuit

7 Application Circuit

For detailed application information please check the Application Note AN213 (Driving 2 - 5 W LEDs with ILD4001)
or visit our web site http://www.infineon.com/lowcostleddrivers
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Figure 7  Application Circuit

8 Evaluation Board
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Figure 8 1LD4001 on Evaluation Board Using BSP318S
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Package Information
9 Package Information
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Figure 9  Package Outline SC74
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Figure 10 Recommended PCB Footprint for Reflow Soldering
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Figure 11 Tape Loading
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OCEAN CHIPS

OxreaH INeKTPOHMUKM
MocTaBKa 3ﬂeKTp0HHbIX KOMMOHEHTOB

Komnanusa «OkeaH DNEKTPOHMKM> MpEeAaraeT 3aK/Il04EHUE JONTOCPOYHbIX OTHOLLIEHMM NpU
MOCTaBKaX MMMOPTHbIX 3/1EKTPOHHbIX KOMMOHEHTOB HA B3aMMOBbIrOZHbIX YC10BMAX!

Hawwu npeumyliectsa:

- NlocTaBKa OpMrMHaIbHbIX UMMNOPTHbBIX 3/IEKTPOHHbIX KOMMOHEHTOB HanNpAMYy C NPOM3BOACTB AMEPUKM,
EBponbl M A3uK, a TaK e C KpYNHEMLIMX CKIaJ0B MMPa;

- LUnMpoKas sMHeMKa NOCTaBOK aKTUBHBIX M MACCMBHBIX MMMOPTHbBIX 3/1EKTPOHHbIX KOMMOHEHTOB (6onee
30 MJIH. HAMMEHOBAHUMN);

- MocTaBKa C/IOXKHbIX, AeDUUMUTHBIX, IM60 CHATLIX C NPOM3BOACTBA NO3ULMIA;

- OnepaTMBHbIE CPOKM NOCTABKM NOA 3aKa3 (0T 5 paboumx AHEN);

- JKCnpecc JoCTaBKa B 06YH0 TOYKY Poccuu;

- Momouwb KoHcTpyKTOpCKOro OTAena 1 KOHCynbTauumu KBaMPULUUPOBAHHBIX MHXEHEPOB;

- TexHM4ecKaa nogaepkka NpoeKTa, NomMollb B NoA6ope aHanoros, NocTaBka NPOTOTUNOB;

- [locTaBKa 3/1EKTPOHHbIX KOMMOHEHTOB NoJ, KOHTposiem BIT;

- CUcTeMa MeHeaXXMeHTa KayecTBa cepTudmumpoBaHa no MexayHapogHomy ctaHgapTy 1SO 9001;

- Mp1 HEO06XOAMMOCTH BCA NPOAYKLUMA BOEHHOIO M adPOKOCMMYECKOrO Ha3HaYeHMA NPOXoAUT

MCMbITaHMA M CEPTUMhMKALMIO B TaGOPATOPMM (MO COrIACOBAHMIO C 3aKa34YMKOM);
- MocTaBKa cneumanusmMpoBaHHbIX KOMMOHEHTOB BOEHHOMO M a3POKOCMMYECKOr0 YPOBHSA KayecTBa

(Xilinx, Altera, Analog Devices, Intersil, Interpoint, Microsemi, Actel, Aeroflex, Peregrine, VPT, Syfer,
Eurofarad, Texas Instruments, MS Kennedy, Miteq, Cobham, E2V, MA-COM, Hittite, Mini-Circuits,
General Dynamics u gp.);

KomnaHua «OkeaH JNEeKTPOHMKKU» ABNAETCA oduuMabHbIM AUCTPUOLIOTOPOM M SKCKJIHO3MBHbBIM
npesctasuteneM B Poccum ofHOrO M3  KpPYMHEMWMX MPOM3BOAMUTENIEM Pa3beEMOB BOEHHOMO W
A3pPOKOCMMYECKOro Ha3sHavyeHuMs <«JONHON», a Tak Xe oduuMaibHbiIM AUCTPUOBIOTOPOM MU
JKCK/II03MBHbIM nNpeacTaBuTenieM B Poccvn npousBoauTENA BbICOKOTEXHOIOMMYHBIX M HaAEXHbIX
peweHun ans nepeaaym CBY curHano «FORSTAR>.

«JONHON> (ocHosaH B 1970 T.)

PasbeMbl crneumanbHOro, BOEHHOMo M A3POKOCMHNYECKOIo
Ha3Ha4YeHHA:

JONHON (MpuMeHsOTCA B BOEHHOM, aBMALMOHHOM, a3POKOCMMYECKOM,

MOPCKOM, KeNe3HOAOPOXKHOM, TOpHO- M HedTeao6biBatoLLeN
0Tpac/AX NPOMbILLIEHHOCTH)

«FORSTAR> (ocHoBaH B 1998 r.)

BY coegmHmnTENN, KOAKCHaNbHbIE Kabenn

’ ) ®
KabenbHble COOPKM M MMKPOBONIHOBbIE KOMMOHEHTbI: FORS 'AR
L

(MpuMeHsaTCA B TEJIEKOMMYHMKAUMAX  FPaXXAaHCKOro M
cneuManbHOrO HasHayeHus, B cpeacTBax cBA3sM, PJIC, a TaK xe
BOEHHOM,  aBMALUMOHHOM M AdPOKOCMMYECKOM  OTpacisx
NPOMBILLNIEHHOCTH).

TenedoH: 8 (812) 309-75-97 (MHOroKaHasbHbIN)

dakc: 8 (812) 320-03-32

DNIeKTpPOHHas noyTa: ocean@oceanchips.ru

Web: http://oceanchips.ru/

Appec: 198099, r. CaHkT-leTepbypr, yn. KananHuHa, 4. 2, Kopn. 4, amT. A




