IS31LT3910

UNIVERSAL HIGH BRIGHTNESS LED DRIVER

WITH TEMPERATURE COMPENSATION

GENERAL DESCRIPTION

The IS31LT3910 is a peak current mode control LED
driver IC. The IS31LT3910 operates in constant off-time
mode. It allows efficient operation of High Brightness
(HB) LEDs with voltage sources ranging from 8VDC to
450DC or 110VAC/220VAC. The IS31LT3910 includes
a PWM dimming input that can accept an external
control signal with a duty ratio of 0 - 100% and a
frequency of up to a few kilohertz. It also includes a O -
240mV linear dimming input which can be used both for
linear dimming and temperature compensation of the
LED current.

The IS31LT3910 is ideally suited for buck LED drivers.
Since the IS31LT3910 operates in peak current mode
control, the controller achieves good output current
regulation without the need for any loop compensation.
It achieves good PWM dimming response because the
response time is limited only by the rate of rise and fall
of the inductor current, enabling very fast rise and fall
time.

APPLICATION CIRCUIT

November 2011
FEATURES

e Wide input range from 8VDC to 450DC or
110VAC/220 VAC

e  Temperature compensation to regulate LED current
e  Application from a few mA to more than 1A output

e  Constant off-time operation

e Linear and PWM dimming capability

e Switch mode controller for single switch LED
drivers

e Requires few external components for operation

APPLICATIONS

e DC/DC or AC/DC LED driver applications
General purpose constant current source
Signal and decorative LED lighting

e  backlighting LED driver

1 4 NTC
D1 C1
L1 $\

LEDS

>
VinDC8~450V
Y YY)
Rin
IS31LT3910
VIN
VREF GATE ‘F Q1
R4
Cin= LD
—{PWMD cSs
TOFF  GND

||

et 4
|

CS

Integrated Silicon Solution, Inc. — www.issi.com
Rev.A, 11/08/2011



IS31LT3910

PIN CONFIGURATIONS

Package Pin Configurations (Top View)
VRer O VIN
PWMD ToFF
SOP-8
LD cs
GND[ ] T ] GATE

PIN DESCRIPTION

Pin Pin No. | Description

This pin provides reference a voltage of 1.2V, no bypass

Vrer 1 capagcitor is needed.

This is the PWM dimming input of the IC. When this pin is pulled
PWMD | 2 to GND, the gate driver is turned off.
When the pin is pulled high, the gate driver operates normally.

This pin is the linear dimming input and sets the current sense
threshold as long as the voltage at the pin is less than 240mV

LD 3 (typ.). It can also used as temperature compensation threshold
voltage.

GND 4 Ground return for all internal circuitry. This pin must be electrically
connected to ground.

GATE |5 This pin is the output gate driver for an external N-channel power
MOSFET.
This pin is the current sense pin used to sense the MOSFET

cs 6 current by means of an external sense resistor.

When this pin exceeds the lower of either the internal 240mV or
the voltage at the LD pin, the gate output goes low.

This pin sets the off time of the power MOSFET. If left floating
Torr 7 then the off time will be 510ns. When a capacitor is connected
between Torr and GND, the off time is increased.

This pin is the input of an 8V to 450V voltage supply through a
Vin 8 resistor, clamped at 7.1V internally, it must be bypassed with a
capacitor to GND.

Copyright © 2011 Integrated Silicon Solution, Inc. All rights reserved. ISSI reserves the right to make changes to this specification and its products at any
time without notice. ISSI assumes no liability arising out of the application or use of any information, products or services described herein. Customers are
advised to obtain the latest version of this device specification before relying on any published information and before placing orders for products.
Integrated Silicon Solution, Inc. does not recommend the use of any of its products in life support applications where the failure or malfunction of the
product can reasonably be expected to cause failure of the life support system or to significantly affect its safety or effectiveness. Products are not
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IS31LT3910

ORDERING INFORMATION
Industrial Rage: -40°C to +85°C

Order Part No. Package QTY/Reel
IS31LT3910-GRLS2-TR  SOP-8, Lead-free 2500
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IS31LT3910

ABSOLUTE MAXIMUM RATINGS

Parameter Value

V\n pin voltage to GND -0.3V to 8V
CS, LD, PWMD, GATE, TOFF, VREF pin voltage to GND -0.3V to 6V

V\n pin Input Current Range (Notel) 1mA to 10mA
Junction Temperature Range -40°C to 150°C
Storage Temperature Range -65°C to 150°C
ESD Human Model 2000V

Rea 80°C/W

Note: Stresses beyond those listed under absolute maximum ratings 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 under recommended operating conditions is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS
(The specifications are at TA=25°C and Vinpc=10V (Note 1), Ry =2K, unless otherwise noted)

Symbol Parameter Conditions Min. | Typ. | Max. | Unit
Connect a decent resistor
Vinoe Input DC supply voltage range from DC supply voltage to 8 450 |V
VN pin (Note 2 )
VIN_clamp V |y clamp voltage (Note 3) 6.6 71 7.6 \
Iin Operation current range Vin=6V GATE floating 0.32 |05 0.64 | mA
UVLO Undervoltage lockout threshold V|\ rising 6.0 6.5 6.9 \%
AUVLO Undervoltage lockout hysteresis Vx falling 500 mV
VEN(o) Pin PWMD input low voltage 1.2 \
Ven(hi) Pin PWMD input high voltage 2 V
Ren Pin PWMD pull-up resistance 75 100 125 KQ
Ves i Current sense pull-in threshold 215 240 265 mv
voltage
Vio {_r:r:::rzolljc;mm|ng pin voltage low 0.05 mv
![_ri?::rzotl);mming pin voltage high 0.24 mv
TaLank Current sense blanking interval 400 480 550 ns
toeLAy Delay to output ¥CS:V°S'TH+5omV after 30 ns
BLANK
Torr Off Time Torr pin Floating 420 510 600 ns
trise GATE output rise time Coate=500pF 19 ns
traLL GATE OUtpUt fall time CGATE=500pF 29 ns
VRer REF pin voltage 112 [ 1.20 |1.30 |V
VREFLOAD Load regulation of reference voltage | Irgr=0~500uA,PWMD=5.0V 0.5 5 mV

Note 1: All parameters are tested at 25°C. Specifications over temperature are guaranteed by design.
Note 2: Vinpc is the power supply to LED, and there should be an appropriate resistor between Viypc and Vi .

Note 3: Beyond the input current range, V\y may not clamp at 7.1V.
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IS31LT3910

APPLICATION INFORMATION

The 1IS31LT3910 is optimized to drive buck LED drivers
using peak current mode control. This control method
provides fairly accurate LED current control without the
need for a high side current sensing or the design of any
additional loop compensation. The IC uses very few
external components and provides for either Linear or
PWM control of the LED current.

A capacitor connected to the Ty pin programs the off-
time of the oscillator inside. The oscillator produces
pulses at regular intervals. These pulses set the SR flip-
flop in the IS31LT3910 which causes the GATE driver to
turn on. When the MOSFET turns on, the current
through the inductor starts ramping up. This current
flows through the external sense resistor R¢s and
produces a ramp voltage at the CS pin. The
comparators are constantly comparing the CS pin
voltage to both the voltage at the LD pin and the internal
240mV. Once the blanking time is complete, the output
of these comparators is allowed to reset the flip flop.
When the output of either one of the two comparators
goes high, the flip flop is reset and the GATE output
goes low. If neither of the comparator goes high, the
GATE keeps high. Assuming a 30% ripple in the
inductor, the current sense resistor R¢s can be set by
using:

0.24V(orVio)
s ="
115 e len(A)

A constant off-time peak current control scheme can
easily operate at duty cycles greater than 0.5 and also
gives inherent input voltage rejection making the LED
current almost insensitive to input voltage variations.

INPUT VOLTAGE REGULATOR

When a voltage is applied through a suitable input
resistor to the VIN pin, the IS31LT3910 maintains a
constant 7.1V (typ.) atthe V\y pin. This voltage is
used to power the IC. The V|y pin must be bypassed by
a low ESR capacitor to provide a low impedance path
for the high frequency current of the output GATE driver.

The input current drawn from the V\y pin is a sum of the
0.5mA(typ)current drawn by the internal circuit and the
current drawn by the GATE driver (which in turn
depends on the switching frequency and the GATE
charge of the external MOSFET).

Iin ~ 0.5mA + Qg @ fs

In the above equation, fs is the switching frequency and
Qg is the GATE charge of the external MOSFET (which
can be obtained from the datasheet of the MOSFET).

CURRENT SENSE

The current sense input of the IS31LT3910 goes to the
non-inverting inputs of two comparators. The inverting
terminal of oe comparator is tied to an internal 240mV
reference whereas the inverting terminal of the other
comparator is connected to the LD pin. The outputs of
both these comparators are fed into an OR GATE and
the output of the OR GATE is fed into the reset pin of
the flip-flop. Thus, the comparator which has the lowest
voltage at the inverting terminal determines when the
GATE output is turned off.

The outputs of the comparators also include a typical
480ns blanking time which prevents spurious turn-offs of
the external MOSFET due to the turn-on spike normally
present in peak current mode control. In rare cases, this
internal blanking time might not be enough to filter out
the turn-on spike. In these cases, an external RC filter
needs to be added between the external sense resistor
(Rcs) and the CS pin.

Please note that the comparators are relatively fast with
a typical 80ns response time. A proper layout
minimizing external inductances will prevent false
triggering of these comparators.

OSCILLATOR

The oscillator in the IS31LT3910 is controlled by a
single capacitor connected at the T pin. The equation
governing the Toff-time of oscillation period is given by:

- C
Torr Tive (s)=0.51x10"°% x (L+ ﬁ

LINEAR DIMMING

The Linear Dimming pin is used to control the LED
current. An external voltage ranging from 50mV to
240mV can be applied to the LD pin to adjust the LED
current during operation. There are two cases when it
may be necessary to use the Linear Dimming pin.

» In some cases, it may not be possible to find the
exact R¢s value required to obtain the LED current when
the internal 240mV is used. In these cases, an external
voltage divider from the Vin pin can be connected to the
LD pin to obtain a voltage (less than 240mV)
corresponding to the desired voltage across Rcs.

» Linear dimming may be desired to adjust the current
level to reduce the brightness of the LEDs. Connecting
a resistor between the Vref pin and the LD pin, and also
connecting an NTC thermistor between the LD pin and
ground (refer to Application Circuit), the IS31LT3910 is
able to realize the temperature compensation function
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IS31LT3910

(See more detail in Temperature Compensation section).

To use the internal 240mV, the LD pin must be
connected to PWMD pin.

PWM DIMMING

PWM Dimming can be achieved by driving the PWMD
pin with a low frequency square wave signal. When the
PWM signal is low, the GATE driver is disabled; and
when the PWMD signal is high, the GATE driver is
enabled. Since the PWMD signal does not turn off the
other parts of the IC, the response of the IS31LT3910 to
the PWMD signal is almost instantaneous. The rate of
rise and fall of the LED current is thus determined solely
by the rise and fall times of the inductor current.

To disable PWM dimming function, leave the PWMD pin
floating.

TEMPERATURE COMPENSATION

IS31LT3910 provides thermal protection for your LEDs.
Refer to application circuit, adding a NTC themistor
close to the LEDs string will realize the temperature
compensation of LEDs current. If the temperature of the
LEDs rises, the resistance of the NTC thermistor
decreases until the voltage of the LD pin falls below
0.24V. Then the average current is controlled by the LD
pin and the temperature compensation function starts.
The formula is given as below:

Ryrc @ Vref
Rl + RNTC

Assuming a 30% ripple in the inductor, the temperature
compensated continuous current may be computed as:

Ryrc @ Vref
(R, + Ryc) ® Rs*1.15

=0.24

lout =

Make sure the value of R1 is more than 1K.

When the LD pin voltage reduces to less than 50mv, the
chip is shutdown .

After the ambient temperature returns to a safe
temperature, the current will return to the set value.

Example
DC input voltage: Vinpc=230V

Output LED strings: Vo=134.4V (42 LEDs in series, 3.2V
for each one),

lo_ave=160mA (8 parallels LEDs, 20mA for each one)

IC INPUT RESISTOR (Riy) AND HOLD CAPACITOR
(Ci)
Ve Vv 230-7.0

Ry = ~ 223K
Ly 1

parallel two 430 k €2 /0.5W resistor for lifetime
consideration. C, is chosen to be 10uF/ 40V capacitor

Torr TIME REGULATION CAPACITOR (COFF) AND
TOFF TIME

For high output voltage, low output current application,
we need shorter T, Time to obtain the smaller
application inductor. For high output current application,
it is suggested that the frequency is set to not more than
50KHz (typical 25~30KHz). In IS31LT3910,

C
Torr e = 0.51x107° x (L+ ﬁ)

So, apply Coff =150pF, then T,4=8.16us
CURRENT SENSE RESISTOR (RCS)

Design for low current ripple will also improve current

accuracy, but it will require a large value of inductor.
High current ripple allows a lower cost inductor. So we
need to consider these two factors when selecting an

inductor.

A capacitor placed in parallel with the array of LEDs can
be used to reduce the LED current ripple while keeping

the same average current. A typical value is 1uF should
be used.

Since the output average lo ave = 160mA, Assume 50%
current ripple, then

1I - :1050%016OmA=40mA
2 Ripple 2
1
IO_PEAK = IO_AVG +§ I Ripple =200mA
- 0.24v _120
200mA

THE INDUCTOR (L1) CHOSEN

The inductor value depends on the ripple current in the
LEDs. Toff=8.16us

Vo xToe  1344x8.16
| 80

L= ~13.7mH

Ripple

The inductor chosen should have a saturation current
higher than the peak output current and a continuous
current rating above the required mean output current.
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IS31LT3910

The DC resistance (DCR) of the inductor is also
essential when choosing an inductor. Bigger DCR will
lead to more heat. The value of the inductor will reduce
as its temperature rises, leading to higher current ripple,
which in turn, reduces the average output current.

MOSFET (Q1) AND DIODE (D1)

The peak voltage seen by the MOSFET is equal to the
maximum input voltage. Using a 50% safety rating,

Vegr =1.5xV yoc

The maximum RMS current through the MOSFET
depends on the maximum current. Hence, the current
rating of the MOSFET is:

Ieer = lpeak ©150%

For this application, choose a MOSFET 600V, 1A to 2A.
2N60 is good choice.

The peak voltage rating of the diode is the same as the
FET. The current range of the diode is:

ltiode = 1 peax ©150%

For this example, 600V/1A fast recovery diode is
recommended.
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PACKAGE INFORMATION

SOP-8
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Svmbol Dimensions In Millimeters Dimensions In Inches
y Min Max Min Max
A 1.350 1.750 0.053 0.069
Al 0.100 0.250 0.004 0.010
A2 1.450TYP 0.057TYP
b 0.350 0.490 0.014 0.019
[+ 0.178 0.250 0.007 0.010
D 4,800 5.000 0.189 0.197
E 3.800 4.000 0.150 0.157
E1 5.800 6.240 0.228 0.246
e 1.270TYP 0.050TYP
L 0.400 1.270 0.016 0.050
” OD 80
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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




