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Huge demand needs competitive and
comprehensive designs

There is a wide variance of high hrightness LED market analysis statistics. One frand however. is clear: the

high brightness (HB) LED market is growing at a staggeting rate. According to Yole Development in France,

the market size for all LEDs will reach $10.3 billion by 2012, High and ultrahigh-brightness L EDs combined

will be responsible for approximately $4.45 billion of this total; almost 5.5 timas the $783 million market size
in 2007 (based on packaged LEDs),

By Jeff Gruetter, Product Marketing Engineer, Linsar Technology Corporation

hat supports such an impres-
sive growth potential? First,
LEDs are ten times more ef-

ficient at producing light than incandes-
cent bulbs and almaost twice as efflcient
as fluorescent lamps, thus reducing the
requlred electrical power to deliver a
given amount of light output (measurad
In lumens) dramaticaily as well as the
dissipated heat, As LEDs are further de-
veloped, their efficiency at producing lu-
mens from electrical power will continue
to inerease. Secondly, in a very environ-
mentally conscience warld, LED lighting
does not require the hapdling, axposurg
and dispasal of the toxic mercury vapor
found in fluarescent bulbs. Thirdly,
incandescent bulbs need to be replased
evary 1,000 hours, whila flucrescant
bulbs [ast 10,000 houts compared to

a 100,000+ hour lifetime for LEDs. In
most applications, this allows the LEDs
to he parmanantly embedded into the
final appllcation without the need for a
fixture. Exampias includs body panals in
automabiles or LCD sereens in HDTVs
as they will never requira replacement
during the life of the car or HOTV, Ad-
ditionally, LEDs are orders of magnitude

smaller and flatter then their counter-
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parts and can be manufastured in very
low profile form factor so they can be
perrmanently embedded in both interior
and exterior applications in cars as well
as [ow profile consumer electronics.
Furthermore, by using a configuration of
Red, Green and Blue LEDs, an infinite
number of colors can be delivered. LEDs
have the ahility to dim and turn on/off
much faster than the human eye can
detect, enabling dramatic improvements
in backlighting
of HDTVs and
ather types of
displays. Without
LEDs, drarmatic
contrast ratios
and high resolu-
tion unbiurred
LCD HDTVs
would not be
possible,

Nevertheless,
ane of the light-
ing systerms de-
signers’ higgest
chisllenges |s
how to optimize
all the benefits

of the latest genaration of LEDs. As
LEDs generally require an accurate and
cfficiant DC current source and a means
for dimriing, the LED driver ICs must

be designed 1o address these require-
ments in a wide variety of applications.
Powar solutions must be highly efflcient,
robust in features and very compact
and cast effective. Arguably, two of the
most demanding applications for driv-
ing LEDs will be found in automotlve

Figure 1: HB LED Laxus LS600h Headlights/Turn Signals/
Running Lights.
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Figura 2; 80 Watt Headlamp Circtit Using the LT3733.

applications and in backlighting appli-
cations for large HOTV LCD displays.
Because of the collective advantages of
LLED= in automative applicatlons, they
have found their way into every form of
automotive lighting from headllghts to
instrurnent panel/navigation backlighting
as wall general interiar/exterdior lghting.
LCD HDTV backlighting applications
which have traditionally been serviced
by CCFL (Cald Cathode Fluorescent
Lamps) are being replaced by relatively
large arrays of high brightness 1.EDs that
can bo dimmed in individual elusters,
thus offering very precise local dimming.
This enables contrast ratios an crder of
magnitude higher than convention GCFL
backlight HDTVs. As previously men-
tioned, through local dimming and their
ultra fast response time, they enable the
LED brightness to be Instantly adjusted
to eliminata the historic motion blur
inherert on COFL backlight HDTVS.

Automeotive LED Lighting

Benefits such as small size, low power
consumption and fast turn-an time
have initiated the wide spread adop-
tion of high-brightress LEDs in Today's
automohiles, Tha initial |LED applications
were in center high-rmounted stoplights
(CHMSL5); these applications used red
LEDs to pravide a very thin lighting array
which was easily mounted and never
needed replacement.

Tradittonally, incanclescent bulbs were
the most econarmical light source and
are stili used in many cars. However, the
decroasing available space for light-
ing and increasing requirements for
long sarvice life, light colorations and
streamilned designs offerad by LEDs are
quickly replacing incandescent bulbs
In many applications. It is becoming
mere common for traditional CGFL-LCD
backllghting in Infatainment systems
to ba replaced by arrays of white LEDS
which provide more procise and adjust-
able backlighting a=s well as a service life
that will easlly aut live the vehicle. Even
headlights, primarily the damaln af Halo-
gen/Xenon fllament designs, are being
dleveloped with an electronically “steer-
able” array of high current LEDs (see
figure 1). Almost all autometive lighting
applications Including interior/exte-
rior and backlighting applications are
transitionlng over to LEDs, The benefits
of uging LEDs in this environment have
several positive implications. First, they
naver need to be-replaced, since thelr
salid state longetivity of up to 100K+
hours (11.5 service years) surpasses the
Iife of the car, Thiz allows auto manufag-
tures to permanently embed them itto
“in cabin” lighting, without requiring ac-
cassibility for replacement. Styling can
alsr be dramatically changed as LED
lighting systems don’t require the depth
of area that incandescent bulbs require.
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Figure 1 shows Lexus's LS600h LED
headlights, which have recently been of-
farad in praduction. Audi's RB and GM's
Escalade have similar options, The over-
all lighting configuration is similar for all
of thase vehicles. Each headlight as-
sembly contains 5 LED powered beams
aptimized for all lighting requirements,
these inzlude: o low bearn, a high beam,
a corner beam, a daytime running
light and a turn signal=—all serviced by
LEDs. The standard bearns will gener-
ally require between 35 and 50 watts of
power. It doesn't sound like much, but
remember LEDs deliver 10x the lumens
compared ta halogen, so the LED's light
output is the equivalent of 500 watts of
halogen. The high bearms denerally re-
quire the same or slightly higher powaer,
whereas the cormaring, daytirme rutiting
lights, and turn sigrals will require less
power. Each of these beams can be
drivan by a single HB LED drlver, Linear
Techrology's LT3755, With the potential
of over 200 watts of electricat power,
one can see how having high efficiency
L ED drivars which minimize generated
heat is of paramount importance.
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Figure 3: Efficiancy of LT3753 Circuit
in Figure 2.
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Design Parameters for Automotive
LED Lighting

In ordar to ensure eptimal performance
and lang operating iife, LEDS require an
effactive drive elreuit. These crive ciroults
tnust be capable of operating from the
caustic automative power bus, and also
be both cost and space effactive. In
order to maintain their long operating life,
it is imperative that the LEDs current ang
temperature [imits are not exceeded,

Most headlamp applications require
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approximately 50W of LED current.
Lingar Technology's LT3755 has been
designed to service this type of applica-
tion. [t can boost the automative bus
voltage (harminal 12V) to as high as 60V
to drive up o fourteen 1A LEDs con-
nected in series as seen'in figure 2.

Figure 3 illustrates the LT3755's of-
ticlency which can be as high as high
as 93%. This is of great importance as
it climinates any requirement for heat
sinking any of the powor components,
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enakling a very compact footprint.
Although the elreuit in figure 2 is a boost
mode topology, the LT3755's unigue
high sick eurrant sense design enables
it to also be configured in 2 boost, bugk
made, buck-hoost mode or fiyback
topology depanding on the application’s
spacific requiremants,

The LT3755 drives a low side external
N-channel MOSFET from an intarnally .
regulated 7V supply. The fixed frequen-
cy, current-mode architocture provides
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Figura 5: A 16-channel LED driver for 160 white LEDs from a 45V input. PWM dimming ratio is 5000:1.
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stable and precize operation over a wide
range of supply and output voltages.
The LT3755 offars a constant current
source which is imperative for LED
diriver IGs to enable constant brightnoss
of the LEDs despite the irregularities of
the input voltage. This is of particular
importance in autormotive applications,
as the input voltage can swing dra-
rmatically clue to transients encountered
during scenarios such as cold crank and
load dump. The LT3755's maximurn in-
put voltage of 40V enables it to rogulate
LED current and voltage even when the
primary autometive bus is subjocted to
40V transients commanly seen in a load
durmp condition,

A ground referercad voltage [eedback
pin serves as tha input for many LED
brataction features, such as open LED
protection and also makes it possible
for the converter to act as a constant
voltaga source. A frequency adjust pin
allows the user to program the afficlen-
¢y between 100kHz to 1MHz to opti-
mize efficiency and perfarmance whila
minimizing external component size,

If external syrchronization s reqjuired,
the LT3755-1 version can be synchro-
nized to an external clock throughout its
100kMz to 1MHz frequency range.

The LT3755's Trug ColorTV PWM
dimming enables dirmming ratios as high
as 3,000:1 with no change in coler (see
tigure 4) of the emitted light enablirg
the LED headlamps to be constantly
adjusted via the duty cycle of the PWM
for a wide variety of ambient conditions,
Bacause Linear Technology's high
current LED drivers are current modea
ragulators they do not directly modu-
late the duty cyele of the power switch,
instead the feedback loop controls the
peak current in the switeh cutlng each
cycle, Compared to voltage made ean-
trol, current mode control impraves loop
dynarnics and provides cycle-by-oyclo
currant lirmit.

HDTV Backlighting

Although seemingly unrelatad, the
LED backlighting of infotainment and
navigations displays in cars, spurred the
Use of HB LED backlighting with high
dimming ratlos, the wide array of ambj-
ent lighting conditions In the interiar of
the vehicle drova the necessity for very
wide dimiming ratios which are also ro-
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quited in HDTV applications to produce
tha most dynamic range of colors.

One of the highest growth consumer
electronics markets is {lat panel HDTVs.
As consemers demand larger panal
HDTVs and higher rasolution, the de-
mand has rapidly shifted from plasma
HDTVs to |LED HOTVa. According to Dig-
piaySearch, sales of plasma HDTVS will
peak in 2008 at $24 billion whereas LoD
HDTVs will enjoy a $75 billlon market in
2008 and grow to %93 billion by 2010,
However, LCD HDTVs have a variety of
shortcornings ranging from mation Blur
to calor reproduction. Namaly, with the
current generation of LOD HDTVs, trye
blacks can not be attainod, and offer
& lower dynamic range of )l colars,
Conventional HOTVs arg backlight with
GCFL tubes and ean only offer contrast
ratios between 450 and 650 cd/m®. The
arimary problem of thesg HDTVs, is the
inabillity to compietely turn off or locally
dim the CGFL backlighting.

Canversely, with HE LED backlighting,
an array of LEDs (up to 1,600 for g 46"
display) that can be dimmed or turned
off lacally In backlighting “clusters®,
offars contrast ratios almaost an order of
magnitude higher( »4,000 cd/m®) than
CCFL designs. Additionally, by adjust-
ing the brightnass of the backlighting
LED clustars, mare midtones of colors
can be replicated adding a mare vivid
picture,

Another benefit of being able to com-
pletely, turn off the LEDs logally, is the
reduction of motian biur, By turning the
LEDs compilately off betwean frarmes,
the blur assoclatad with fast rmov-
fng objects in virtually eliminated. The
LEDs very fast response rate is critical
in resolving this fast motlon biur isaye
encautterad by COFL backlit L&D Tvs,

One of the key factors in miaking LED
baeklit HDTVs feasible are the LED
driver |Cs. Because there are so many
LEDs par panel, the LED driver circuits
must be vary efficient or the display wil
have severe thermal issues and re-
quire very large haat sinks, which ia nat
consistent with consumers desires far
flatter and lighter flat panet HDTVs, Ad-
ditionally, thesa driver ICs must have the
capability to delivar very wide dimming
ratins, as high as 5,000:1 to offer the
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desired wide cantrast ratios. Finally, the
antire LED drivar salution must be very

tompact to enable the vary thin format

that mast HOTV consumers require,

Linear Technology's LT3595 buck
mado LED driver has 16 individual
channels —each can drive & string of up
to ten B0mA of LEDs fram inputs up to
45V. Each chanre! can be used to drive
4 cluster of 10 LEDs to provide local #
dimming. Each LT3595 can drive up to
160 50mA white LEDs. A 46™ LCD TV
would reguire approximately 10 LT3595°
& per HOTV. Each of its 16 channels can
be'independently controlled and has a
separate PWM input that Is capable of
up i a 5,000:1 PwWM dimming ratio

Each channel requires only a tiny chip
inductor and an even timier ceramic out-
pUt capacitor. The only ather required
components are a single input capaci-
tor and current-determining set resistor
(Figure 5}. All sixteen channels of catch
diodes, powor switches, and control
logic with compansation are squeered
insido the LT3595's relatively small
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Figure &: Efficiency of the 160-LED
driver shown in Figure 5 Is ovar 924%,
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56-pin, Bmm — 9mm QFN package.

The LT3585 boasts 92% peak cf-
ficiency at a 2MHz switching freguercy
gliminating and requirernents for exter-
nal haat sinking.

The PWM dimming capability of the
LT3595 is as high as 5,000:1. Figure
7 shows the 5000:1 PWM dimming
wavetorm and a vary square looking
LED currant waveform. Even at a mere
24s oh-tirme, a 20mA LED current turns
on and off in sync with the 100Hz PWM
signal. Higher PWN dimmiing ratios are
achievable with lower PWM frequoncies,
but 100Hz guarantees that there is no
visible flicker.

Full LED} brightness 2 set via a single
axtarnal reslstor for all 16 channels.
Eaeh charnnal has the same pro-
grammed LED curront—sat betweaen
10mA and 50mA. LED current ac-
curacy is within 8% from channel to-
channel. True Color FWM dimming uses
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a reduced duty cycle to offer accurate
dimming without any shift in omitted
light colar. The fixed frequeney, current
meds control scheme provides stable
operation over a wide range of input
and output voltages and currents. Direct
control of the LED eurrent through inter-
nal sense resistors for each channel and
internal switches and gontral circuitry for
each channel provide excellent constant
current source ragulation for LED driv-
ing. The internal 100mA power switches
and exposad thermal pad of the 56-pin
CQFN provide enough power and thermal
management 1o handle the power and
heat of 16 channels at 50mA.

Conclusion

The unprecedented acceleration of
LED lighting applications in automobiles
and LCD HOTVs has created many spe-
cifle performance requlremnents for LED
driver ICs In high current LED applica-
tiors. In cars, these applications range
fram head lamps to interior lighting. In
HDTVs, LEDs offer a much more sophis-
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ticated means of local dimming greatly
enhancing picture quallty. Additionally,
many LED applications outside of the
autometive and HOTV rmarket can be
found in a myriad of commerelal and
industrial environments also reguire
most of these high performance require-
ments. These LED drivers must also
pravida constant current in order to
rmaintait uniform brightness, regardiess
af input vaoltage or LED forward valt-
age variations, must operate with high
efficiency and offer wide dimming ratios.
Thase applicatlons also require very
compact, thermally efficlent solution
footprlnta, Linear Technology has taken
tho automotive, HDTV and a myriad of
ather LED design requirements “head-
on” and has developed a farnily of high
current LED driver products. Lighting
systom dasigners now have an easy
and available LED driver source for their
challenging lighting designs.
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