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The design chal­
lenge is driving 

the series string 
of LEDs, since 

the total voltage 
drop across 

the string may 
exceed the 

supply ran. 

Fig I: Basic boost 
conuerter drlues a 

sLrl11g of LEDs. 
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Powering LED arrays 
in backlight applications 
Driving the series string requires a suitable supply circuit. 
by D a vid Sorllen, applications engineer. /ntersll Corp. 

L EOs arc becoming an increasingly pop­
ular backlighung option for all types of 
Liquid-crystal displays. large and small. 

as more efficient and more cost-effective white 
LEDs become available on lhe market. The 
advamages of LED backltghting incluclc low 
cost. high reliabilily. low voltage. low EMI. 
high immunity to vibration. wide operating­
temperature range and wide dimming range. 
These featu res make LED backlighling partic­
ula rly s uitable for handheld applications. 
such as cellular phones. portable media play­
ers. digital still and video cameras. a nd GPS 
receivers. among others. 

An LED backlight has two basic conllgura­
Lions: edge lit or array lit. Edge-lit dis plays 
use one or many s ide-emitting LEDs along 
the sides of the display. Array-lit displays 
employ multiple LEDs arranged in a grid pat­
tern direcUy behind the dis play. In bolh con­
figu rations. the LED light source is coupled 
with light guides and diffusers that distrib­
ute the light evenly behind the display. 

The design challenge lies in driving the 
series string of LEDs. s ince the total voltage 
drop across the strlng may exceed the supply 
rail. One solution is to use an IC such as 
lntersil"s EL780 I. a high-power LED back­
light driver with integrated 36-V FET. capa­
ble of driving one to eight high-power LEDs 
in series from a wide range of lnput voltages. 
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The I-MHz pulse-width modulalion (PWM) 
converter can be configured in boost or buck 
topologies. supporting a wide variety of LED 
backlight applications. 

LED light level can be controlled by adjust­
ing the de bias via the Level pin. or by apply­
ing an external PWM s ignal lo the EN/PWM 
pin. Since LED color temperature varies with 
bias current. PWM dimming offers better con­
trol of color temperature because current 
through U1c LEDs is kept constant. The 
EL7801 provides a 5-V gate driver synchro­
nized lo the EN/PWM pin . ll can be used to 
control an external F'ET. which disconnects 
the LED s tack during the PWM dimming sig­
nal-off pe riod. A voltage applied lo the Level 
pin then sets the output current of the con­
verter during the PWM ·on" period. 

A minimal bill-of-materials LED-backlight 
application us ing an EL780 l in boost conflg­
uralion lo drive a string of eight series-con­
nected LEDs is shown in Figure 1 . 

In t..his application. e ight series-connected 
LEDs a re driven from a 12-V supply. A logic­
level PWM dimming s ignal is applied lo the 
EN/PWM input lo control average LED cur­
rent. Current in llie LED load during the 
PWM ON lime is de termined by the value of 
the feedback sense resistor R3. a nd the tar­
get feedback-regulation voltage (VFol- With 
Mode tied to Voe· voltage across the feed-

-= 

back resistor is set by Y1,eve l• ,vith 
I LED = V FB / RScnsc 
Vrn = V1.cvc1 / 5 
The value of Vrn should be kept 

in the 50-mV to 450-mV range for 
linear opera tion . With Mode pin tied 
to ground. Vr,u is set to 400 mV via 
an internal reference. a nd resistors 
R1 and R2 can be omitted. 

For applicalions that require 
more than eight series-connected 
LEDs. mu ltiple s trings of series­
connected LEDs can be controlled 
u Ing a s ingle EL780 l device. A 
backlight application using the 
EL 780 I to drive four s trings of eigh l 
series-connected LEDs is shown in 
Figure 2 . 
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In this application. a total of 32 LEDs are 
driven from a 12-V s upply. In much the same 
way as Lhe applica tion depicted in Figure 1. 
LED brightness is controlled by applying a 
logic-level PWM signal on the EN/PWM input. 
The LED current during the PWM on-Lime is 
controlled by the voltage at Level. 

U2 and U3 are dual s ingle-s upply op 
amps . configured as voltage-controlled cur­
ren t s inks. Looking a l the leftmos t leg, we 
see tha t current flowing through Lhe LED 
s tring a lso flows through Q I and R3. The op 
a mp will adjus t the gate drive of Q 1 to force 
the voltage across R3 to be equaJ lo Vrn. 
LED curren t during Lhe PWM ON time is 
determined by the voltage on the Level pin. 

11..rn = V Level / (5 . R3) 
With the I 0-Q current sense resistors 

shown in Figure 2. a voltage of 1 V applied 
to Level will result in 20-mA current per 
LED leg. LED current can be increased by 
reducing the va lue of Lhe current sense 
resistors, or by increasing V1..eve l· 

The op amps selected for this 
application must be able to func­
tion wilh inpu t voltages near 
ground. The op amps will typically 
be s ingle-supply type. powered 
from the EL780l Voe output. 
Therefore a ra il-lo-rail op amp is 
s uggested (for ins tance. lnters il 
EL5220CY). With this circuit. leg-
to-leg current ma tching is primarily 
a function of the op amp·s input 
offset error. so an op amp with a 
low V05 s pecification is preferred . 

The op amp output s lew rate is 

+S V 

aJso an Important cons idera tion to maximize 
system efficiency and dimming linearity. and 
becomes increas in gly important as Lhe 
frequency of the PWM dimming signal 
increases. 

Diodes 0 2 though D5 idenUfy Lhe LED 
string t ha l exhibits the grealesl combined 
forward-voltage drop. The voltage at the bot­
tom of Lhis LED s tring also appears at Lhe 
cathode of 0 6. During the PWM dimming­
s ignars on-time. ENL is driven to 5 V. turn­
ing g 5 on. The control loop of the EL780 I 
will Lhen inc rease the switching duty cycle 
unlil Vrn reaches the desired voltage level. 
Al Lhis time. the voltage across Rs becomes 
equal lo the minimum drain-source voltage 
of the four current-sink MOSFETS (Q 1 
through Q4) . Therefore. lhe va lue of resis tor 
Rs determines Lhe minimum voltage lhal 
will a ppear across any of the current-s ink 
MOSFETs . 

To increase efficiency of the system, Lhe 
value of Ra can be reduced. However. the 
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F'ig 2: En/lanced 
design drives four 

series strings in 
parallel 

Fig 3: A light sensor 
can be used to control 

LED current. 
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ralio of R8 to Rg mus t be greate r than the 
ra tio of the current-s ink MOSF'ET Ros(ONJ to 
lhe current-sense resis tors (IO n in this 
example). in order for the circuit to generate 
equal current in each LED s tring. 

Since the voltage across each of lhe 10--Q 
resis tors a l R3 through R6 is equal lo the 
feedback voltage. the legs that exhibit a lower 

put. The EL7900 is a light-to-current optical 
sensor combining a photodiode and current 
amplifier on a s ingle monoli thic IC. Output 
current is clireclly proportional to the light 
intens ity on the photodiode. 

lotrr = Ev · (60 µA / 100 lux) 
Where Ev is illuminance in lux 
The op amp a l U5 is conflgurecl as a 

combined LED for­
ward-voltage drop will 
see an increased 
dra in-source voltage a t 
the current-s ink 
MOSFETs. The design­
er should cons ider the 
LED forward-voltage 
tolerance across the 

Ev (illuminance, in luxt Vour 

current-lo-voltage 
converter. The volt­
age divider formed 

Table: Lwnil1w1ce vs. opera ling temperature 
output voltage and desired LED cur­

rent ranges. and select 
current-s ink MOSFETs 
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I 
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2,000 

3,000 

capable of handling the worst-case power ­
dissipa lion condition. 

During the PWM OFF' lime. the ENL s ig­
nal is driven low. turning off Q5. The voltage 
across Rg then becomes zero. The voltage­
controlled current-sink circuits respond, in 
turn. by driving the gate of the connected 
MOSFETs low. disabling the current flow 
through the LEDs . 

Capacitors C4 and C5 allow some of the 
output voltage ripple lo appear a t the feed­
back circuit node. a nd this helps s tabilize the 
EL780 l control loop. The EL780 I employs a 
direct-summing control loop with current 
feedback. No error amplifier is used in the 
system. Thjs arrangement provides fas t tran­
s ient response and makes use of the output 
capacitor lo close the loop. A combina tion of 
ceramic and low-ESR elect.rolytic capacitors 
can be used to minimize implementation 
cos ts . Genera lly. the higher numbers of 
LEDs. lower Vrn voltages and smaller values 
of current sense resistors will require small­
er -value output capacitors to achieve loop 
stability. In the circuit depicted above. with 
20 mA of LED current per leg. a total of 40 
µF' of capacitance al C3 is recommended. 

ll may be desirable to sense the actua l 
light outpu t of lhe LEDs. and adjust the 
LED current to maintain a precise level of 
luminous intens ity. A method of controlling 
LED current with a light sensor IC is shown 
in Figure 3. 

The circuit shown in Figure 3 can replace 
the fixed-voltage divider a t the Level input 
depicted in Figures l and 2 , to provide a 
method of mainta ining a cons tant light out-
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by res is tors R10 and 
R 11 sets the output 
voltage when no light 
is presen t a t the 
EL7900 sensor. With 
the values of R10 and 
R 11 shown. the out­
put of U5 is 1.5 V 
when there is no 
light present. Resis­

tor R12 is selected to provide the desired gain 
of the system. 

Your= VREF' - (EV· Rl2 · (60 µA/ 100 
lux)) 

where VREF is the voltage at the non­
inverting input of U5. 

The component va lues shown in Figure 3 
were selected lo provide a 1-V outpul at 
1.000-lux light input. When lighl intens ity 
increases. lhe output voltage of this light­
sens ing circuil decreases. and the a ltached 
EL780 I circuit will respond by decreasing 
the switching-duty cycle. thus reducing 
LED current. (see Table). 

Conclusion 
In conclus ion . devices s uch as lnters il's 
EL 780 I LED back light driver a re highly ver­
sa Lile and can be used in a variely of a pplica­
tions . including those tha t require power for 
more than eight LEDs . When used in con­
junction with a n EL7900 light-lo-current 
sensor. these devices can easily implement 
applications tha t require a cons tant light 
output. • 
David Sorllen Is an applications engineer in lntersil's Co11swner 
Power products group. based in Sru1 Diec.JO. I le can be contacted 
at dsorllen@lntcrsU.com, 

For more information 
Planet Analog: monthly in print, plus much 
more on the Web at www.planetanalog.com, 
covering all things "analog" (including 
power, too) 

Petitioner Samsung Ex-1025, 0003




