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The Wiirth Group — A strong family %

The Wiirth Group

= Qver 65,000 employees™

® 9.98 billion € sales*

m 400 companies* W - - RT H “ R P
= in 80 countries” U ' G 0 U

m Rating A outlook stable

(Standard & Poor's and Fitch)*
m Privately owned

* Preliminary figures 2012
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Irapuato (Maxico)

Germany: Snap ferrites,
power elements and rod core chokes

Czech Republic: Toroidal chokes in housings
and red core chokes

Bulgaria: Rod core chokes

= USA: Transformers Sales Offices
= Mexico: THT components Distribution
w China: THT and SMD components, multilayer SMD Production

components, LTCC components, connectors, Quality & Design Center

transformers, rotary, 1act & dip switches

= Taiwan: TVS diodes, varistors, multilayer components,
varistors, Power Modules, connectors and switches

= Malaysia: Power Modules 7 — — < g
= Thailand: Inductors Waldenburg (Gormary) Thymau (Germany) Budwals (Czach Ropublic)  Bolozsm (Bulgaria) Makhon Ratchasima (Thallad) ~ Taichung (Tahwan)
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LED Introduction

= LED - Light-Emitting Diode

= Light — electromagnetic radiation
— Wavelength (frequency)
— Energy
— Visible spectrum
— Non visible- UV, IR
— Radiofrequency
— Radiation - Gamma and X-Ray
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Electromagnetic Spectrum

A

Increasing energy

[IINVAVAVAVAVAVAVA VAN

I wavelength
0.0001 nm 0.01 nm 10nm 1000 nm  0.01 cm Tem Tm 100 m
| | | 1 1 1
Gamma rays Xrays Ultro- Infrared Radio waves
violet
Radar TV FM AM
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LED Introduction

= LED - Light-Emitting Diode

= Diode
— P-N junction
— Recombination energy -
wavelength

— Recombination of carrier in the
Active region

— Active region — Quantum Wells
structure

— Active devices — current driven
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Diode Scheme
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LED - The diode e
IRTH ELEKTRONIK
= Electrical device that converts electricity to light
p-metal contact
€«—— top window layer
[€«<—— Holes reservoir
Active region l¢<—— Multiple Quantum Well
Electrons reservoir
substrate layer
n-metal contact
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LED Chip designs -wiw—
IRTH ELEKTRONIK
Vertical Design HOEZ‘;Z? tIoDe:)lé]nce
» Better current distribution produ L
- Better light output + Low thermal conductivity — due to
» Harder to produce — good substrate layer substrate .
is needed » Substrate from standard material
<€—— p-metal contact
top window layer
Holes reservoir
Active region Multiple Quantum Well
Electrons reservoir
substrate layer |
n-metal contact | substrate layer 'ﬂ
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Material — Color — Turn on Voltage —M{—Em& —e
= AllInGaN - from Deep UV to 530nm
+ Green (530nm), Blue, Deep Blue, UV - Turn on voltage ~ 3.2V
= AlInGaP - from 550 to mid IR range (1100nm)
* True Green (550nm), Yellow, Amber, Red, IR - Turn on voltage ~ 2.0V
6T
o direct gap
Sr o indirectgap - 250
' ]
3 o]
% 3 400 3
g 500 S
g2 5
8 700 3]
1000
1 S
2000
. AR\ 4 4000
lattice constant (A)
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Optical : Wavelength and spectrum

LED spectrum spans over a few wavelengths

Specifications:
—  Apeak— Wavelength with maximum intensity

—  Apominant — Wavelength of the eye perception,
equal to a monochromatic light (single
wavelength)

How to find Apgminant

— The monochromtatic perception of the eye on
the border of the CIE diagram

— Cross point of the W- Apg line

— W is the white point with coordinates
W(1/3,1/3)

Relative Intensity [%]
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CIE 1964 chromaticity diagram

)‘Peak

400 500 600

Wavelength [nm]

700
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Optical : Light intensity ﬁ#
=  Total flux — lumen (Im)
= CIE 127:2007 — measured in an Integrating sphere
= Intensity - candela (cd) = lumen / solid angle [Im/sr]
= According to CIE 127:2007 — |,z standard
= Illluminance - lux (Ix) = lumen / square meter [Im/m2]
= Not an LED parameter — used for General lighting standards
Lumen [Im] Candela [cd] Lux [Ix]
’ [candela = lumen / solid angle]
3 2 /Lumlnous intensity
] Unit: candela (cd)
s a L [candela - lumen / solid angle]
]
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Efficacy of LEDs —!{m—iu& —e

= Efficacy of led — Conversion of electrical power into light

Efficacy' Pout — Optical output
" Pin VI

= Optical output power — How much light come out from the LED

= Total input power — Electrical power W = V:|

nvasm 47V@20mA; 5000K white
a0
. . 150
= Typical Efficacy curve
= 160
— Peak at low current 2
. w W0
— Decrease up to 100% with current s
= '}’]
Increase
. o
— Typical values I\
% : 4
0 002 0.04 006 008 01
Ia)
Record breaking 162 Im/W 5000K is achieved by 45mil blue HV-LED
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Optical: White light WE—-
'WURTH ELEKTRONIK
. . lar Radiation rum
Mixture of different wavelengths Solar Radiation Spectru
€ UV | Visible | Infrared —»
E i
2 2l | Sunlight at Top of the Atmosphere
Example spectrum of the sun s |
g 15 \ 5250°C Blackbody Spectrum
c 1
How to create this with LEDs 2
e Radiation at Sea Level
s r_E 0.5
— RGB mixing g Absorption Bands
V 0 2
+ Better mixing & = o
. . . 750 1000 1250 1500 1750 2000 2250 2500
« Need a mix distance — due to separation of sources Wavelength (nm)
— Blue LED and wavelength convertor
o 4 Conventionalphasphor based it LED
« Lower efficiency, cheap and easy to produce
Phosphor Method RGB Method
- N4 i oo
NG Che: b) RGB LED.
Conventional Coating
A blue or near-ultraviolet chip is coated Mixing the proper amount of light from 3037900 500 690 70
with phosphorls) to emit white light red, green, and blue LEDs yields white light o a Wavelength (nm)
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Optical : White light parameters WE—-

= Correlated Color Temperature

— Perception effects achieved by using ’5‘00
different color temperatures

— Sunlight ~ 5500K
— Moonlight ~ 4000K
— Incandescent light bulbs ~ 3000K

Standard Incandescent

2700K

= Color Rendering Index

— Ability of light to show the real colors of a
illuminated object

— Comparison of emission light to a black
body radiation

— Test compared to the illumination of a 8
color sample defined by CIE(2004)

— Typical LEDs CRI > 80

sample

CRI Test colors

WURTH ELEKTRONIK

Color Temperature Scale (°K)

% Jdbo ?0% %‘:’o J\Qb J::\"7’0 %0 03\%

Halogen Cool White Fluorescent
3000°K 4200°K
Neutral White Daylight Metal Halide

3500°K 5500°K
Black body radiation curve

In the CIE 1961 color diagram

th s
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Wurth Electronic white LEDs WE==
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Wiirth CCT selection | “wer | ®

= Phosphor conversion — and spectrums a0
—  Warm white - Ca,SisNg:Eu+ (SNEu) b W;::ﬂme iggg
— Cold white - Y3AI5O12:Ce (YAG:Ce) w0 Dayligit 5000
— Mixture of both for different CCT z | 0 e
= Two designs i
— PLCC —low power LED, silicon resin with 5 “
phosphor
— Ceramic — high power LED, phosphor thin laye ’
on top of led .

Wavelength (nm)

_ LombertianLight Pattern

Cathode pad

CRI index of Wurth LEDs
>80 / typ. 85

Copper Alloy
InGaN
LED Chip —
Silicone resin model  phosphor thin layer on surface
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Binning definitions L—o—
'WURTH ELEKTRONIK
= Standard binning defined by ANSI C78.377A and compliant with Energy Star T |
— Black lines — standard CCT color bins e B
Warm White 3000
— MacAdams ellipses correspond to Moorligft | 4000
L. Daylight 5000
Energy star Fluorescent lamps binning OE 1931 x,y Chromaticity Diagram 5000
— MacAdams ellipses — regions with color 046
. as . 2700 K
undistinguishable for human eye 0.44 3000k,
. 042 N
= WE bins for every CCT o —
— Ceramic bins —WE offers more 040
accurate bins compared to others y 038
— PLCC bins — comparable to 036 esook\
standard CCT color bins hai ‘
© lluminant A
032 x 2 D65
4 3 8 Planckian
0.30 / 4 locus
g ©
28
0.26 0.28 0.30 0.32 0.34 0.36 0.38 0.40 042 0.44 0.46 048 0.50 052
X
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= Standard binning defined by ANSI C78.377A and compliant with Energy Star
— Black lines — standard CCT color bins
— MacAdams ellipses correspond to
Energy star Fluorescent lamps binning

— MacAdams ellipses — regions with color CIE 1931 x,y Chromaticity Diagram

s ar . 0.46
undistinguishable for human eye ook
0.44 3000K
\
0.42 \
. 040
Emitting GCT
color (K) 038
g N
2700 0.36 6500 (/9@
P - v
Warm White 3000 034
Moanlight 4000 © luminant A
: = 032 x 4 D65
Daylight 5000 w8
030 RN :’Iancklan
SDDD y Cg a locus
28
0.26 028 030 0.32 0.34 0.36 0.38 0.40 0.42 044 0.46 0.48 0.50 0.52
X
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MacAdam ellipses - Definition e ——

WURTH ELEKTRONIK

= MacAdam - step ellipses
“Step” = standard deviation
= ANSI recommends - Lamp manufacturers to
stay in the 4-step MacAdam ellipses

= WE needs to compare to ANSI C78.377A 4-
step MacAdam ellipses if the binning lies within
standard borders

— Ceramic are comparable to 4-step(only warm
colors) and 7-step)(cold colors)
— PLCC are comparable to 7-step

-
“ean”

MacAdam Elipses centered on 3200K point
on Planckian Locus
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MacAdam ellipses - Definition

MacAda

2 Step MacAdam Ellipse Color Variation

Figure & - White color variation at 3200K: 2-step

y | Public/ Confidential / Internal Use
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Maximun color range

m - step ellipses deviation
“Step” = standard deviation

Maximum color range
White adjusted

4 Step MacAdam Ellipse Color Variation

Figure 5 — White color variation at 3200 K: 4-step
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All rights of disposal such as copying and redistribution rights with us.

Maximum color range:
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Maximum color range

7 Step MacAdam Ellipse Color Variation

Figure 4 - White color variation at 3200 K: 7-step

WE chromaticity performance

WE bins for available CCT

Ceramic bins -WE offers
smaller bins compared to
other competitor (solid lines)

PLCC bins — comparable to
standard CCT color

bins(dashed lines)
Emitting CCT
color (K)
2700
Warm White 3000
Maonlight 4000
Daylight 5000
6000
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03
03 031 032 033 034 035 036 037 038 039 04 041
CIE - x Coordinate
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Power output and thermal management

Thermal resistivity — defines
how temperature generated in
the chip is released in the
ambient

Higher resistivity — warmer chip

Low power LEDs < 0.5W
Low thermal specifications
Low luminescence output

High power LEDs > 1W

High thermal flows
Sensitive to thermal design
High luminescence output
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Derating curve and thermal management

Understanding the Derating curve

T; =Tq + Rjq * Ppiss
Ppiss = Vp xIp

T;=T
IF = e ML
R]'a*Vp
1 ——Rj-a =40 'C/W Rj-a =30 ‘C/W
508 -=-=Rj-a=20"C/W - - -Rj-a=10°'C/W
o
= 0.6 \ ~
o \ AR \
B 04 N
I \
g N
5 0-2 A
[ \
N
0
0 25 50 75 100 125 150 175

Ambient Temperature [°C]
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Link between maximum forward current and maximum ambient temperature

||
-WE=-
_..—0-
'WURTH ELEKTRONIK
T,
Tr,
chip/T‘
ceramic substrat Ty
_——case | padTT,
metal PCB/T, .,
T,
heatsink/T,, :
ambient/T T,
T; = Tq + Rja * Ppiss
T; — junction temperature
T, —ambient temperature
R — thermal resistivity between junction and pad
R,.. — thermal resistivity between pad and ambient
R;. = R;s + R,., — thermal resistivity of the whole package
ile 21
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Constant parameters:
Ris=8-10 K/W

Vg — depends on material

T, — maximum allowed junction
temeprature

Maximum driving current
depends on R;, - good thermal
conductivity design of the
structure is needed

ile
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Thermal management L—o—
'WURTH ELEKTRONIK
= Link between junction temperature and ambient temperature
Tj=Ta+Rja* Ppiss
= Luminous intensity, Wavelength and Forward voltage depend on T,
— Efficiency losses up to 80%
= Low junction temperature is important for efficient LED work
180.0 W
Thermal design for predefined operation 160.0
conditions: <
":140.0
- Constant operating current §120-0
- Constant operating voltage = 1000
- Constant ambient temperature g
€ 80.0
- Good thermal conductivity design is § 60.0
important to support higher § 0.0
efficiency output. o
20.0
0.0 T T T T T T T T T T T T T
-10.0 0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0 80.0 90.0 100.0 110.0 120.0
Junction Temperature [C]
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Wurth Portfolio L—o—
'WURTH ELEKTRONIK
* Indication LED ' : RS
. - - - o/
+ Chip LED v . WX .
+ Top view LED v W &
* Side view LED H & ~F r
« Reverse mount LED e a“e Y 7
* Power LED
+ White PLCC 9 9 &
»  White ceramic . & R o
» Color ceramic > & = =
@ e
N2 N
« THT AL
+ 3mmand 5 mm P - @
» Coming soon N » LN
« UVandIR \ &4 ~
L)
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