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Light Emitted Forward

LED Chip _

Reflector

Cathode Lead Anode Lead
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ﬁ é LED Development

LED Chip /

camese (4
oA
smm Lamp
2-3 lumens

- = 30mA

1970
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SuperFlux
4-8 lumens
|- = 70mA

1992

Luxeon
20-40 lumens
|- = 350mA

1997
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&, Structure of

-
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— Plastic Lens

_ Silicone
~ Encapsulent
InGaN
T Semiconductor
Cathode Lead Flip Chip

Gold Wire ‘Solder Connection

2 d

< Reflector C
Heatsink Slug crector -up

National
Semiconductor 6

The Sight & Sound of Information © 2007 National Semiconductor Corporation



. Materials used In color
4@ LEDs
s
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Q.
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X - Color Coordinate

White LED:
White light is generated by blue LED striking a phosphor coating

National
Semiconductor 7

The Sight & Sound of Information © 2007 National Semiconductor Corporation



- Typical spec. of HB LED

1 Watt LED
* Full intensity 350mA, Maximum current 500mA
- 2.8V Volt drop @ 350mA

3 Watt LED
* Full intensity 700mA, Maximum current 1A
« 4.3V Volt drop @ 700mA

5 Watt LED (multi-die package)
* Full intensity 700mA, Maximum current 1A
« 7.1V Volt drop @ 700mA

5 Watt LED (single-die)
* Full intensity 1.5A
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i % . Characteristics of LEDs

O Forward Voltage (V) drop across LED
= Diodes are current driven!

0 Wavelength variations
= Crystal and junction growth defects

U Brightness variations
= Crystal defects resulting formation
of phonons and non-radiation
energy transfer
U Temperature
= Junction temperature of the device
affects each of the parameters
above
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ﬁ y Temperature effect on

%& LED Parameters

200%

ed Blue Royal Gree
150%

50%

As Temperature increases:

* Light output decreases

« Wavelength gets longer

« Forward voltage decreases

_‘
o
[a=]
)

Relative Light Output (LOP)

0%
E]40 20 0 20 40 60 80 100 120
Junction Temperature TJ [°C]

i ]
= 350

g Royal Blue, Blue, Cyan, P ."
Z 300" Green, White (InGaN)\T
E | | | | ' '

Red, Reddish Orangul 'I
|

b
=
g 2000 Amber(AllnGaP) |
= I | |

Relative Intensity

Z 150 T
= B
S -+ ]
= 1001 AV, = 2mV/°C + <
50 '
° 2 0o |
peak 0.0 05 1.0 1.5 20 25 3.0 3.5 40

Forward Voltage (V)

Wavelength [nm]
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{*“’ LED Binning

- Manufacturers bin their devices for color/wavelength,
brightness, and forward voltage

» Binning for all three characteristics is expensive, and
forward voltage is often the specification that is allowed to
vary the most

T & T ok
g g
H g
& o
8 £
@ &
] B
- L]
x K.
E E
z z
Flux Bins Veltagebins F | G | H | J
Bin Limits [Im] 138 181 238§ 308 Bin Limits [V] 2.79 3.03 327 3.51
Y A Y o
Ratio Upperilower 13 1.3 13 T & Bin Width [V] 0.24 024 0.24
5
k-]
Bining £
]
E Batch o Batch
Subdividing large quantities = Varlatlons
Imte manageatle guantities E
E
H]
=
-
Color bing 1 4 3 4 ] &

."\"ﬂ r i ona ! Bin Limita]nm] 525 530 535 540
am i : : g 11
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ﬁ . LED Applications

)
* Old days

y
Signal Indicators \

Numeric and Alpha-numeric displays B Al
- Nowadays - :
Automotive =
Backlights
Flashlights for portable device
General illumination
Projector Light Sources
Signage
Torch Lights
Traffic Lights
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¥ | Backlight Applications

* Possible because of white LED development
- Almost all mobile phone color LCDs use
white LED backlighting.

- Size of displays from smallest to largest

1. Mobile phones, PDAs

2. Automotive, aerospace infotainment

3. Laptop displays

4. Desktop PC monitors

5. LCD televisions

National
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@ Resistor Limiting,

f%@ Linear Regulation

v il
& ! ®

Linear IC with

Resistor Limiting Constant Current Source

Heat dissipation in resistor or linear IC
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¢ * . LED Driving Circuit ......
i 9 &

L%
_,.-;_ ¥

* Delivers a constant average current under
all conditions (eg. input voltage change,
temperature change, V. change...... )

- Controls ripple current at acceptable level
under all conditions

A LED driving circuit is a type of power conversion
circuit that delivers constant current instead of
constant voltage

National
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q’c}

. Constant Voltage to Constant

Vo
VOUT '
VOLTAGE
REGULATOR
(LINEAR OR 2 Ree:
SWITCHING)
FB \
Rrs1
RFBl + RFBZ N
Vo :VFB

National
Semiconductor
The Sight & Sownd of Information

Variable
Current

’%‘E’*“i Current Conversion:
AR

Variable
Voltage
VOUT
VOLTAGE
REGULATOR v i I
(LINEAR OR
SWITCHING)
FB Vs
Rrs
| _ VFB )
F=—
RFB
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@ Average Current and

" © L Ripple Current
P

hﬁD

A

Brighter

av1

Dimmer

av2

v

*l 4> 1,,, thus |

 Human eye cannot detect the high frequency ripple current
* Human eye cannot detect shift in average current of < 20%

is brighter than |, but color also changes

av1 av2» av1 av2
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: Buck LED Driving

1 t"'ﬁ'* f“-
- .-r"’.'
i Tl

*V, must be lower
than V

* Output capacitor is y

Cs

optional )

* Typical Application: ™
general lighting

RoN

National
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VIN

RON

DIM

BOOT SW

LM3402/02HV
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® © Buck Driving - How it works

LM25007

FB voltage is maintained at 2.5V

* If R4 = 5Q), current passing through R4 = 0.5A.
Current passing through the LED is also the same
because FB is a high impedance pin.

* LED current setting can be done by R4.

National Problem: Power dissipation at R4 = 1.25W!
Semiconductor 21
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# ¢« Dedicated Buck LED Driver
: %}%@
V|N (I:IB L1

l VIN BOOT SW +— M ¢ FB VOItage iS
T Y l | reduced to 200 mV

g LM3402002HV.... | = -+ "+ Power dissipation
% at Rg\s = 0.5A x 0.2V
DIM GND VCC __l_I i L — 0.1W.

:.’ ‘{1‘

200mV Feedback
Voltage
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Using Boost Regulator:
* & Series LED Connection

° Pros: - Cons
Matching Guaranteed High voltage output is
Most efficient drive method needed
Easy to route (Only 1 or 2 connections Output capacitor
between driver and LEDs) typically large due to
voltage requirement
A L
A~ 22 uH o Vout
L
2 | (1)
Win Sw . 1 Coul
ﬁ “'."n-: s f?muF mewun # T
?_ Enﬁ,,d LED_rin = : :
Tooe A3 )
Voltage
Signai
Input W
-
v

With external ballast

National With internal current sink

Semiconductor 23
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# Using Boost Regulator
= Parallel LED Connection

* Pros - Cons
Workable with low- Good matching requires
voltage semiconductor regulated current sources
processes Requires 1 connection per each
Can work with common LED i.e. driver IC requires more
anode or common pins

cathode module

A8

=+

National Constant current source connection
Semiconductor 24
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Boost: Inductor based vs

-
il :_. et "

Charge Pump

Charge Pump

Inductor Based

LED Usually Parallel Usually Series

Connection

Efficiency Depends on V,, Reduced dependence
V,, and gain mode | on V,, and V,

PCB Space Less More

Wide Vin - Not Practical OK

Vout Support

EMI Less More, due to presence

Generation of inductor

National
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? " Pump

& &

,-‘.v"

. Efficiency of a Charge

.‘1;-1-'

- Charge pumps are very T

efficient if V,, x Gain is IS
close to target V, .

o LM2TST gy

2
g Iy
‘g 2
- - -
=

Vour

Cs0
C51
GND

- Efficiency drops off as V|,
Increases.

uF - TDK C1808XTR1A105K
2.2 uF - TDK C201ZX5R1A225K

LM2751 2x/1.5x Efficiency vs.
2x Charge Pump Effciency

1.5 x mode is introduced

‘LM27512 1.5% Pump

to boost efficiency in N 7Q§
conversion from one Li- 5 \\;;x N
ion battery to 3V V, B -

2.7 3.0 3.3 3.6 3.9 4.2

LM2751 - 2%, 1.5% charge pump (switched capacitor) white LED driver
which can deliver up to 150mA at 725KHz switching frequency.
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& . Charge Pumps with built-in
% ¢ Current Source

.7

D, | 4-LED
33&5‘ FLASH
| MODULE

-1

COUTI 4T yF

Vour — ]
- ®
Vin o or SELT 1y
C,NI 22 F 7 Built-in current source,
= o LY better current matching
- Y : . . =
SIS | e FLAST GNoL in driving several LEDs.
C1- ------- imeou ﬁ.-
__02+ 1x.él).<5x T r¢ Ve —=®
22pF == %h'.lan':‘%e Torch Flash [+ EN'
C, P — osc J

LM2754 - 2%, 1.5%x charge pump (switched capacitor) white
Vot ; LED driver which can deliver up to 800mA at 1MHz
Nyartona . .
Semiconductor SWItChmg frequency'

The Sight & Sownd of Information
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_Inductive vs Charge Pump
. Efficiency Comparison

LM3508 Inductive Boost
Efficiency

Vin = 4.2V

quqmgmm
MR 00 = -l O

EFFICIENCY (%)

& O
» ©
=
Z

[}

i

] |

[op]
L]

o
o

0 3 6 9 12 15 18 21 24 27 30
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EFFICIENCY (%)

LM2751 2x/1.5x Efficiency vs.
2x Charge Pump Effciency

100

LM2751 2x, 1.5x Pump |
! V. =45V

90 \7&
"N )
70 <

e
50 v nv?- ~

=5,
ouT SN~ o -

50 Vout =45V

|
40 Typical 2x Only Pump

2.7 3.0 3.3 3.6 3.9 4.2

INPUT VOLTAGE (V)
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"';“:&:“ﬁ b =
?’Q: ¢ True Shutdown Isolation

L
2.2 uH
e

* Method 1

Add switch in return wl To | Lo
path. /91:%(“
A switchiis added __—T==
to cut off leakage Sorw
path during
shutdown

* Method 2
Synchronous
rectification.

Diode is replaced by _— &
MOSFET and it is

National switched off during
Semiconductor shutdown 29
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¢ * | Bucking and Boosting

* High power LEDs are being adopted into
portable lamps (bicycle, mining, flashlight)
with varying number and chemistry of
batteries

- Low-voltage AC lighting (garden path) varies
due to I°R loss

- Combine varying V, with V. that changes
with process and temperature

* Requires true buck-boost regulator

National
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& . Buck Boost Efficiency <

.-I'
ol

%ﬁ@ Buck or Boost

oo f— Buck: Input direct
<:>( L n | to output when
N power switch is on
m— L Boost: Input direct to
@( ]1 | L output when power
kS T [ switch is off

Buck-boost: input is never
connected directly to output

National
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. Buck-Boost Driving: SEPIC
& 1,;;: ' Regulator

{-\f

-‘-rﬂt'g

e
i.'a.-f

* Uses standard low-side * Requires two inductors

regulator/controller or coupled inductor
- Low-side or high-side * Requires an output
current sensing capacitor
AN
VIN
O——¢—1 VIN NGATE

Basic Low-Side
MOSFET
Controller

r GND FB

National
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. Buck-Boost Driving: Cuk

% & & Regulator
- Uses low-side * Negative V, doesn’t
regulator/controller but matter in current drivers

requires negative FB pin . Requires two inductors
* Low-side or high-side or coupled inductor

current sensing - Can run without C,

YYY\
Vin
o—e¢—— VIN NGATE
Basic Low-Side Amplifier doubles
- X = =
T CROSFET 8 as polarity inverter
_T__ GND FB -1

National
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& . '‘Floating’ Buck-Boost
& Reqgulator

¢ { | ¢ € VO:V|N+VF

° - e _*71 - Uses only one inductor
| | BasicLow-Side | = * Vq is controlled WRT V|,
T C"’('gtsr';ﬁ; - Requires high-side
sensing for accurate I
11" i control

National
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& . Floating Buck Boost with

ﬁ’c

@1 r@‘ High-side Sense

i | |
® Y T
Vin
o—e¢——] VIN NGATE —|%_
Basic Low-Side =
— MOSFET
Controller

r GND FB
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Adjustlng Light Level with
' LEDs

“Analog Dimming”

Linear adjustment of current through LEDs
Causes shift in peak and dominant wavelength
in monochromatic LEDs
Causes shift in Correlated Color Temperature
(CCT) in white LEDs
Difficult to optimize driver efficiency

- “Digital Dimming” (PWM Dimming)
Drive at only one current level
Turn LEDs on and off at > 120Hz
Human eye integrated and averages light
above this frequency

National
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-
Ll
«.Hr" ‘
-
(13

i%ﬁ

PWM Dimming Control

- PWM signal (EN/SD pin, FET, or special PWM

pin)

“Average” Brightness proportional to Duty Cycle (D):

National

LED Fonward

Semiconductor

The Sight & Sownd of

Informatian

F 5
ome, J
EmA L
o Analog
T - . -
Dimming
Smi
AmA
- Py
a 15mA L , .
= Dimming
“ 10mA
SmA
025T Time
=

© 2007 National
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i

- Colored LEDs shift Aoom
their peak/dominant T \\
wavelength as I Y
changes 72

* Requires control of I 71 _|_N\blee
and Aig N

- Accuracy of I is " \
highly dependent on 469 \\
the application 468 “m,\\

467

0 200 400 600 maA 1000
—= ]
National
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& Controlling CCT

t%:g 1!&?

* CCT provides the basis
for “cool” white (more
blue) and “warm” white
(more red.)

* CCT shifts with I

* Much easier to see than
with colored LEDs

National
Sc,mumnfu.:n:rr
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|

0.324

Cx / Cy

0.320
0.318
0.316
0.314
0.312
0.310
0.308
0.306
0.304
0.302

0.300
0

OHLOOE29

S

200

400 600 mA 1000
40
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ﬁ White LED Structure

Human ‘IE'-'J ’ ; S CHL11461
eye color -« [[TTTIVTT= /111N
P ¥ / Vi,
sensitivity T y
curve : ' )

BROAD ) AT,
RANGE ol sy NS
PHOSPHOR “TIIITAD

/\ R, 1144 “"‘-...._ﬂ""“""---..
400 450 200 550 00 650 T 1 nm 750
BLUE InGaN DIE

SUBSTRATE From From
LED phosphor

™~
\
/
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heatay b Y I t
L) TS
] L

More Blue

1W LED driven at 50 Same 1W LED driven at
mA continuous 300 mA with 1/6t" duty
cycle (500Hz)
ﬂ{\fﬂ{ianal
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. PWM Dimming with
& Switching Regulators

° Use buck regulator whenever possible

* Only the buck can eliminate the output
capacitor”®

* No RHP zero means fastest control loops
(when using clocked regulators)

- Easy implementation of hysteretic and

controlled on-time (COT) control
Even faster loops!

National
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¢ © | Contrast Ratio

*1 : Wishful Thinking

* Contrast ratio is highly dependent on the
external components

* Therefore, it is highly susceptible to
specmanship

* One definition of contrast ratio is 1/Dp,;y )

where D,y = 2 / f5y
Circuit must be on DCM/CCM boundary

National
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requency and Duty Cycle
IMits

4
3
I

T T T
DIM |
: D Dwmin Dmax
it Itsu] Itso i itp | tsuitsp | i
I
1 t, +t T -1,
T= Dy === Dux =

fPWM T T
Rise and fall times where I is between 0
National and 100% cause further error

Semiconductor 45
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-

T =
- -
t*"

& = | M3404 Eval Board
N ‘a‘a".

B
{ |
VN = 6V to 42V (LM3404) Ch
VN = 6V to 75V (LM3404HV) L1
o VIN BOOT sw ——YY > LED
_T_ ANODE
CIN RonN ,_‘1 o1
:I: RON
= LM3404/04HV =
OFF cS > LED
CATHODE
DIM1 Rens
‘ ‘ o DIM GND VCC

]

Drives a 1W white (InGaN) LED at 1A from 24V

National
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...................

2k &b

...................

...... Bandgap’ analog
""'“'“‘":E'"'".".'f"‘:_"':"i"i"' funCtiOnS Were
SW fimet’ - already powered

...................

DIM 2 seens SO TUUUE T FE TUUIL JUUUE PUTTE DUUTE FUUE UL

Chi| 200mAQWEF 5.00V &M20.0ns| Al Ch2 S 3.40V

Ch3[ 200V & _ 15 Nov 2006
1[16.60 % 11:54:30
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LM3404 Slew Up, tg,

A= (V= Vo) /L

Limited by toee N

T S £ =300 ns

M 200mAQNCR2| 5.00V  WM1.00us| A Ch2 S 3.40V
Ch3| 20.0V &

1
W10.20% | 1

National
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DIM:!

e T

ch3| 200V &

National
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11[20.20 % |

200mAQNCha| 5.00V &M2.00us A Ch2 1 3.40V,

1
1

A
1w
1A
1 @@

984ma
4.00maA

8.36Ms
8.32us

Ai, = -V /L

tg, = 8.4 ps

3 Nov 2006
1:57:32

49
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————— Calculate the Contrast
" Ratios

-LM3404

tp + tg, = 3.05 ps

*Dpyyn = 3-05/2000 = 0.001525
*CR=1/Dy,,=655:1

National
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¢ Low Frequency ( <1 kHz)

- General and automotive applications

* More efficient: less transitions

* Duty cycle requirements not as strict: 10% to
90% is typical

* Usually achievable by using the DIM or EN
pins

National
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¥ L High Frequency (> 10 kHz)

* Technical requirements force the users to
high frequency

* Generation of white light from RGB in
backlights, video projectors

* Machine vision and industrial inspection
Fast slew rates for light pulses that sync to
sensors and cameras

* Loss of efficiency due to the transitions
* Usually requires a parallel dimming FET

National
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el

Parallel FET Dimming

Continuous
inductor current

National

ICIB L1

VIN BOOT sw ——/M\ *
RoN 1§ PWM
IF=1AlB So [
LM3404/04HV =
cs
RsNs

DIM vCe

GND
i

Semiconductor
The Sight & Sownd of Information
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FET
GATE |

L : +
: - -“5-.;‘ ................ s R EE R R R
: = 4'»‘_‘ POV B I . I

IR A g bt e
:||'|i|'|||-|||:||||-.-||||i||||i-||||-i||||i||||-
S500mAQE(Ch2] 2.00V &M[20.0ns| Al Ch2 \ 2.52V

National
Semiconductor

The Sight & Sownd of Information

18.20 %

A M
1 @
ia

Ch1 Mean
892mA

Ch2 Freq

————.Hz

No period
found

17 Nov 2006
15:24:132
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'Ih T

IF -

BE L e———————————
FET 7
@] S00mAIICha] 2,00V SMZ.0008 Al Ch2 \_ 2.52

19.80 %

oy 2006
6:41

o —
2~
b2

E
-
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* Circuit parameters placed a limit on the
minimum dimming on-time, t,,y = Dyyn X fom

100000 E=EmEEE E===mss
USING PARALLEL F'ET§§
- e
> 10000 Yo
o
— "
< 1000
l—
o)
§ 100 T
l_
= P
8 USING DIM PIN
10
1
100 1000 10000 100000
National DIMMING FREQUENCY (Hz)
Semiconduciv: 56
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Ensy Design with Dnlane Toals

S il Bl BcGE ST R

[ Smech | [ OeoerFemn || Cuesfie | Biwe | Al Us | Inwestors | Pross Goom | Priveis Sitss

LED.NATIOMNAL.COM

Dt Viarmon

o i Saplmc] fiem Wt [10 liebow oF emler your Curslim ¥ aless.

» LPFA%30 RoE Dedsght LBD Driver W 3 035 e m—— TH R -
u LFSSR] Progremmabile Thes Chunrsl LED Cviear b Amps %
® LPFYS 22 Progremmabis LED Dftesr .
& LPSSE0N O BCE Dever endar  lawsly P Auinkes ket L] I Ve
® LMCES09 vigh Efcends Baast for White LED'S andyor OUED Cmpliv

with [l Qurrent E-I'*INICEWFUM Brigwnasy Dontrod P » 3 =
LMD 5841 G Corutiet Curtent Budh Regulsed Jor S e L M oA

High Povesr LED Devvery, ¥, Range from 6V b 42 S
LMDV LM TGN 0,540, 04 Conatant Clment Buck Ragulster L S Feet 4 BB AWM

P Hegh, Povwvar LED Dwvvary, ¥, Bangs bos & b T3
s LMMOPF 604 Low Side Controlar for Boost ard SEPIC reguiatorn, A :-L- B whae: 14 08 4
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Step 1 - Enter Design
Inputs

Enter input voltage ange Enter Number of LEDs
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choice by > [ | )

%agn,m O Or Dafine Your Custom LED:
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Step 2 - Choose an LED
Driver
izl NPWEBENCH™] iy ——

[QLRSSPTES 2 Create a Design $ 3 Anaiyze a Design 3 4 Buiia i1 ) 6 Test il ) ir

& Design Regquirements § Brcommended Faris 4 ?m’bﬂlgml
Your Design Specilications
Tipeul
e Output  #£1
nltagu_ Vout= 3.2V
VinMin= 15.0W loute 0354
VinMaxs30.0v Y :

|Selution Selector found 10 solutions.

Recommended Devices

Switching Regulator
Higih effeCsency fepiator

Choose part — S2ae

H

Topology BUCK
Max Current 0.5 A
Typical Eficiency 91%

On/ O Pin T

Error Pin M

Price $1.25
Frequency 1800 kHz

[Switching Regulatars]
). Circuit Calculator ™ - Reference Design B - Webtherm Simulation W - Electrical Simulation ¥ - Buildit
Recommended Switching Regulators - BUCK Topolog

Product WEBENCH Est T?p on/ Err ‘;u Drsrnn Max
1 LM3402 w "‘H $1.25 91% Y 1600 0.54

National
. f 2 LMIA02HY mu 50 91% N N N 800 0.5A
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Step 3 - Optimize and

Customize
., mttendoctsr M“WEBENCH 1 m

i Choose s Part JOLCNIRLIURED 3 hshvzc s Cesion 3 4 buta i |

Dlllllln
Y tomponents § Operating Vatues § Schematic l # "M Dwsigns
Design 1716806615 LM3402MM Power Desi
Device: LM3402 Created: Jul 12 2007 &:10 FM
VinMin = 25.0 ¥ vour(l] = 342V
VinMax = 420V fout]l] = Q.35 4

Key operating values: B ke g T
Frequency, Optimization Operating Values —
Efficiency s i&e 0 ofE G
Peak to Peak | p

FootiPrnt 230.4 mm2 1cT 53.02 BT

Optimization Tuning

Temperature Foot priat

{excluding LEDs):

220.4 mn? (.‘ 72 % 193000 ¢ 35730, @
/# 5 Gt e
Optl mlzatlon knOb Teans Foctpnnt IncreaseEMoency | L ok @

| Optimize Circut L System Defined ~

Efflchenoy: [Cuser Prefermed Freg (Hz)

. - . Part Manulacturer Attribate e
Customize design for: ok b s view
Lk TAMON VI 208 PO IKBRATAND, 0] uF = [ Solect Alernale Part |
No o Utp ut cap Chyp TDK CITUGTRIAIONK 0.1 uF = [ Select Aternate Parl__ |
3 Cn IMuRat: GRMIZERT 24 105K 1 U, m S-Emﬁmn_
Specify peak to peak - G55 ohms. [ )
- Cout Custam Custom 2.4745757450881528 v [ Select Allarnate Part ]
LED rlpple 5 F, 0,000 Db
DI Dlodesine.  BiB0-13 CEERY W | Sakect Alernate Pat |
‘j\‘ra I ional D_LED Custom Custom 03sa 0t 342y | v [ Select Atemale Pant | o1
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Optimize for Efficiency

1 e
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Step 4 - Simulate
Electrical Behavior

Natiomal ® | alp Jic ]
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!Iul.rlulilmulﬂlun+ Thermal Simslation * ?Hrm,ﬂ,l'
..)_i i
Engish BEE STmE on B0l ™

Hida Conlrals Do)

Stap 1 : Select Simulation Type
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Control Panel WEBENCH SIMULATION RESULTS

WEBENCH Design : 6815 | Hide Controls | WEBENCH DesignId: 6615
Add/delete ey || 50166100 Warnitorms [_Add Wavetorms | - 5
wavefo rms Il l.l l!.ll Dimming Sim:2 FX 350 5
e - pr— f-"
= g 2 H— s>
EE 250 | | E 4
“ 200 l- | €3
/ | £ 130 | ' a?
. o =
Click and drag __ : |'. | -
mouse to B 41 AU
zoom in on ! | Nl . E
i} | — — =1
plot
| PRINT | Versiom Mar 28, 2003 -50 b e oa — T 1 -2
0.1 0.3 0.5 0.7 0.9
t (e-3 secs)
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¢ Build I1t!

- Latest addition to LED WEBENCH® for LM3402/02HV
and LM3404/04HV _ _

* Generic evaluation board accepts a wide variety of
external components o

» User orders and receives a kit with blank PCB and all
external components as selected through LED
Webench

- Simply solder, connect to LEDs, and go

* Note: LEDs are not included

National
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LED Reference Design
Library

for Knokia —
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