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Learning Objectives

A Basic intro to LED technology I specifically, White Lighting -
class LEDs 1T and the critical engineering disciplines required
to design and specify an LED luminaire

A Develop a broad understanding of the inter -disciplinary
(optical, thermal, electrical) trade -offs when designing
luminaries with LED light sources (new designs & retrofits)

A Understand how LED brightness and color binning work,
their strengths, weaknesses, and limitations

A Understanding of the key standards that apply to SSL
(including IES LM -79, IES LM -80, and IES TM -21)

A Equip you with the questions to ask to help you specify a
guality LED Luminaire and a technical foundation to help
you understand the answer se




LED Fundamentals

LED basics 10:30 -11:00
A Theory of operation, materials of construction

A LED technology & packages types

A Remote phosphor

ABinning (cold, hot, other wiseé)
A LED reliability & lifetime projections

11:00 -11:30
LED Performance Parameters

A Voltage, current, heat, optics, impact on light

A LED Performance inthe  REAL world

A LEDs are awesome! What could go wrong?

A LED performance and cost roadmaps

A Strategies for reducing cost and coping with rapid
technology change

Standards update
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To Further Stretch An An:

A We used to have to really
know and wnderstand how a
car worked to ope

A Who still does  that é ?

A LEDs will get there too, but
In the mean time, we will
equip you with the basics so
that you can:

A Know what to look
/look -out for, and

A Have some level of
confidence in the
technology




How LEDs Work/Behave

1. Two rocks

2. Apply a
voltage
potential
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Current flows

4. Blue lightis
produced
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Anatomy of an LED.mov
anatomy_of_led.mov

Materials of Construction

AWhite, Lighting -class LEDs:
Aécontain no mercury,

Aéutilize no rare or ex t er |

Aésave A LOT more energ
than they consume in
manufacturing

Comparison to Other Aéare ROHS compl i
Lighting Technologies ) _
— Aé cont aisabstances of

N
w1
(=]

very high concern (SVHCs) as

g
§ a0 defined in the EU REACH
: I I program
T | N AéareArit i cl e Exemp
CFL (3 bulbs) $SL.30 lu/W S5L 150 lu/W an EPA TSCA StandeInt
Carnegie Mellon t»-[:’" Sratens '8" N

fffffffff

* Murphy and Mikolajczak Indium Corporation; o .
3 http/Amww.indium.com/techlibrary/whitepapers/sustainability-of- http://apps1.eere.energy.gov/buildings/publi
indium-and-gallium-supplies-in-the-face-of-emerging-markets  p. 8 cations/pdfs/ssl/matthews_chicago09.pdf



http://www.epa.gov/oecaerth/civil/tsca/tscaenfstatreq.html

Traditional Lamp vs. LED Technology

Traditional lamps:

V‘

D v, TN I o (Y SRR > (llght)
S (heat)

Reflector

LEDS:

90 -140 viewing angle
A

(ight) o - . (ighy

Yy Y vV v
(heat)

The two most
Important
differences are In:
I Directionality of
generated light

AOmni -directional
vS. directional

I Means of
evacuating
generated heat

A Convection vs.
conduction




Most Common Ways to Produce White Light with LEDs
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Pros:

A Tunable colors, CCT
A Any color possible

cons:
A Difficult to control
A Low CRI (<50)

A Low LPW efficacy
(<40LPW *)

A Higher cost

Blue LED +
Phosphor

&

A Single LED type
easy drive, control

A Easy secondary
optics

A Good CRI (~ 75+)

A Good system
efficacy (~70 -100+
LPW*)

cons: e ?

. * Achievable system efficacy @ 5000K, varies by application

p. 10

Blue LED +
“Remote” Phosphor
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Pros:

A +10% efficacy v. blue
LED + phosphor*

A Good CRI (~75+)

Cons:

A Rigid form factors

A Large optical source
A Binning can be tricky

Vit )
& \ .




Typical Lighting -class LED Package

LED Chlp Air, RI = 1.0

A Determines raw Substrate
brightness and efficacy

Lens, RI ~1.4

Wire Bond

Phosphor

Phosphor system:

LED chip, RI~2.2

A Determines color
point and color point stability

Package:
A Protects the chip and phosphor

A Helps with light and heat
extraction

A Primary in determining LED
- lifetime

p. 11



Chip Architecture Features

AA photon is a terrible

t

Metal bonding layer
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|
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- Surface Features
" Beveled saw cuts

T Internal mirrors

ng to wast e

I Thin Film

I Flip -chip
Nt xS
rvvvv*vvvé#vvvvv

Metal or semiconductor

Backside ohmic contact metal

Wire Bond Pad

AlinGaN
light emitting

layer \
Mirror layer f

yer __ %

Backside ohmic contact metal

p. 12




What you are Really Buying: mm 2 InGaN epi:

= = = =2mm 2
ABig chips allow higher drive currents,
smaller optical source sizes
A Generally better for indoor
ASmall chips distribute the light better, Note:
allow higher V., more efficient driver G?;\_erallzt;ngt
: - anything abou
topologies (esp. in low wattage apps) e e
A Generally better for street, outdoor area misleading

and linear indoor lights

AAnybody who tells you one approach is
best for all cases probably does not
carry products using the other
approache p. 13




Phosphor Deposition Approaches

Engineering Trade -off between:

1. Glob 2. Dispersed in encap

=

3. Conformal coating 4. Chip coating or plate

p. 14



Evolution of Phosphor Techniques
Dispersed Qhipdovatalg

Glob in encap Oz
Remote
/—\ o phosphor can
also be the most
efficient, but
| | Only Wlth:

r \ — ———— A The exact right

E 3 I’ g'l blue LED pump
AA carefully

BRAAA AR A BRA Ay
RAAAAAR A RA R
Optical A%A ?i M\ A A A%%ﬁlﬂo practice it

Control
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Current State of Remote Phosphor

\\\\\w |

Works fantastic in theory

Not a panacea for every application
reality does not match the hype

A Should work very well i >15% LPW
performance increase i1 for some
applicationsé

A Marginal Il ncrease at

Lots of engineering details to watch:
A Cavity design/shape
A Emitter wavelength
A Emitter supply chain

No standard LED lumen maintenance;
LM-80, TM -21 do not apply

IP considerations

Upside: Smart people are working on
solutions to these

p. 16
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LED Packages and Types

A Indicators

\ j" : T1-type . . (Commodity A Novelty lights
\ (37 7 mm) 1 VI GGl product) A Traffic signals
A Electronic signs
Surf A TopLED A Automotive
ok m%ru?](t:e 57 20 mA 17 10lm A SideLED A LCD backlighting
-— A Cree CLA1IA A Electronic signs
\PH P4 207 100mA 17 20Im A Pranha ' Aulomotive
A Channel letters
A DRAGON General illumination
High power 200-1500 mA 50-400 Im A LUXEON e
A XLamp XPG A Architectural
Multi -small A XLamp MX6 L
s 200-700mA  150-500im i 4 P @
Mult A OSTAR
Chlf | -power 200-1000 mA  300-3000Im A XLamp MPL @
P A XLamp MCE
A Bridgelux
AFri ed Eggle0e1000mA 500-3000Im A Citizen @
A XLamp CXA

p. 17



LED Packaging Trends

Last Gen Packages

Application -specific
Smaller size

Multiple high power chips
Multiple small chips

Phosphor coatings vs. glob or
dispersed

Higher wattage packages

Deposited silicone primary lens
systems

nNFri ed

o o To Do Do Do Do D»

|
+

;
I. ll SSOP b
’ —

New Gen Packages
p. 18




Relative Advantages of the Approaches

)| 1 | > =

S~
Pros: Pros: Pros.
A Much higher drive A&®eCCT, wuni f dightmiA Base®ffuse
capability A OK lifetime A Tons of light i
A Small source size; good )
for secondary optics Cons: Cons: |
A Best lifetime, TM -21 A Relatively limited drive A Lower efficacy
capability A Thermal, binning,
Cons: A Slightly higher V challenges
A@CCT, wunifor miAyarge $ourdeisigetior TIR A Very large optical SOUVA
optics A LM-80, TM-21 ¢ 2

p. 19




Best For

.

A Most Outdoor
A Torch

A Directional retrofit
lamps (PAR, MR16)

A Any application that
requires a TIR optic,
long throw

) =5 EIED

A Some Indoor A High -output

downlights, some
non -roadway
outdoor (e.g.
wallpacks)

A Linear

A Non -directional
retrofit lamps
(A-lamps)

A Any application
where uniformity and
color are critical

A Any application
where low -tech
manufacturing
Is driving the
decision

p. 20



Binning 1 Root Cause

0.9 '
520 .

0.8

" 560 | . Pnggg\r,\vor |

o | A The human eye is

56561 i ——— extraordinarily  sensitive

3 580

yo's A Small process variations

0.41 in LED chip wavelength;
phosphor thickness,

- concentration,

021 composition; and/or
deposition conditions

01 make a big perceived

00 difference in white light

0.0

03 04 05 06 07 08 CCT & quality

X

ﬁ
& 505, V)
p. 21 ®



LED Binning 1 Two Types

A Chromaticity binning

T Some defHbonoe d
white area on or near the
Black Body Locus

I Bin sizes (X, y coordinates)

ni t h e

varies by supplier (currently

Min. Luminous Flux

Group Code @ 350 mA (Im)
M2 39.8
M3 43.7
N2 al.7
N3 56.8
N4 62.0
p2 67.2
P3 73.9
P4 80.6
Q2 87.4
Q3 93.9
Q4 100
Q3 107

45.7
31.7
56.8
62.0
67.2
73.9
80.6
87.4
93.9
100
107
114

* A new standard for this was just approved by NEMA

)

Max. Luminous Flux
@ 350 mA (Im)

0.9

l 520 nm

0.8

0.6

0.5

0.4

y - chromaticity coordinate

0.0 380 nm
00 01 0.2 0.3 0.4 05 06 0.6 0.8

® - chromaticity coordinate

A Brightness or LF binning

T Minimum luminous flux
(most suppliers)

I Bin sizes/flux range
varies by supplier
(currently )

{30 ;

p. 22



Chromaticity Binning

CCy: 0.35
CCx: 0.365 041 7

Driver

O o © o ©o © ©o ©o o o o

‘ 25°C, 25ms

Pulse test
A3CO0 Chromaticity bin
!: (varies by supplier*) >
) 1 * A new standard for LED binning was just approved by NEMA (NEMA SSL -3)

p. 23



Luminous Flux Binning

Group Code Mil:. Luminous Flux Maf. Luminous Flux
@ 350 mA (Im) @ 350 mA (Im)
] 23.5 30.6
K2 30.6 35.2
K3 35.2 39.8
Flux: M2 39.8 45.7
119 Im M3 45.7 51.7
N2 51.7 56.8
N3 56.8 62.0
N4 62.0 67.2
Driver P2 67.2 73.9
350 mA R P3 73.9 80.6
T P4 80.6 87.4
Q2 87.4 93.9
250C, 25ms Q3 93.9 100
Pulse test — — -
Q5 107 114
R2 114 122
R3 122 130
R4 130 139
RS 139 148
S2 148 156
<
X * A new standard for LED binning was just approved ANR20 FI ux

by NEMA (NEMA SSL -3) p. 24 (varies by supplier®)



LED Bins in Context

~7-step MacAdams

ANSI C78.377A

0.42

0.41

0.40

>
QO 0.39 -
O

)

0.38

0.37

0.39 0.40 0.41 0.42 0.43

% CCx

p. 25




LED Pulse & Temperature Testing

A LEDs are manufactured in very
high volume

A LEDs go into a many different
applications and operating
environments

A Light output is diminished as a
function of temperature

NIST Comparison of Pulse vs. SteadyState®

Chromaticity, xoc - Xpuse -0.0001
A Therefore, LEDs are Chromaticity, yoc - Youse 0.0001
normally tested at ~20ms CCT, Toc - Truse (K) 3.1 $
pulse and 25°C Color Rendering Index, 0.04 ~No
Ra o - Ra, puse fference!
AA new IES LM standard is Cominous fox B 5003
being proposed for pulse B\ puse
LED testin Radiant flux, @epc/ Depuse | 0.9998
& :
m * Y. ZONG, Y. OHNO, National Institute of Standards and Technology, NEW PRACTICAL MET Ehal

FOR MEASUREMENT OF Hé%IPDWER LEDS, p.4, CIE SYMPOSIUM, July 2008 = K



N NI oo @ 25 EC LF Bi nni n

o o
(=] =
F F

s 110

90

Relative Luminous Flux
8 8 8 3
g £ £ F

Generic
1200 I m LED 70

25 50 75 100 125 150

Junction Temperature (°C)

AfiHot o binning could be important
always, and forever, EXACTLY at t
temperature AND fAhoto binning cur
has selected for you (e.g., 85eC,

AThe marketing guys may claim to have el

e really just created another framework from which to do the same old
- i’& math

p. 27



Bottom Line On Hot Binning

A Various LED companies have been claiming to have
eliminated binning for years, but so far nobody has really
done it

AREl i minatingo binning may ficreat e

A Hot binning makes sense for some applications

A LED binning is a reality of LED technology I no
matter what mathematical framework you start from

LED Color Shift Over Max Current & Temp

2700K ANSI

0.430 -

0.420 +

0.410 +

CCy

0.400 -

0.390 -

0.380 -

\ ‘ 0.370
0.410 0.420 0.430 0.440 0.450 0.460 0.470 0.480

CCx p-28

LED f[sADCT
350-1500mA;35 -1 05¢e C

LED ABGCT
350-1500mA;35 -105¢ C

411K

31K




50,000 hours is:

137
68.5
34.2
22.8
17.1
11.4
S5.7

LED

Years at
Years at
Years at
Years at
Years at
Years at
Years at

1 hour/day

2 hours/day
4 hours/day
6 hours/day
8 hours/day
12 hours/day
24 hours/day

eA WAG when it

| i feti meé

. 29
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LEDs Last Forever!!l .. oo

Cree White XLamp L rm Lumen Maintenan
(Ambient Temperature= 25C, Junction Temperatureg- 65C) )

110%
100% M
90%

80%
70%
60%
50%
40%

% LF

30%

20%
10%

ﬂ% I I I I I 1

0 10000 20000 30000 40000 50000 60000
Time (hrs)

Well -designed systems with Lighting -class LEDs at

lowT o, T,wi I | run a very, ve

p. 30




Thermal Path is Critical to LED Lifetime

5mm LED

No Thermal

path

A 5mm lamps have almost
no thermal path

A Ry, >350°C/W typical

A Chip (T ;) and phosphor
can essentially cook
themselves

.
y

p.

31

Lighting -class LED

" Thermal path

A Lighting -class LEDs are
designed for high temp
operation

A Ry, <10°C/W typical

A Lamp can stay within
data sheet parameters
with good thermal
design




LED Junction Temperature (T ;) 3

.
r

The LED junction is the area of the chip that actually creates
light. Under normal operation, this area of the chip will get hot

Running an LED above its rated

maximum junction  temperature 2@
will decrease lifetime and /s

accelerate lumen depreciation

T, is affected by:

A Temperature of t he L EDOS s suiraumdiegs (Ta t.)e

A Thermal path between the LED junction and solder point (R 1)
A Power dissipated by the  LED (Watts =1 *V )

T, must be CALCULATED ; cannot be measured

p. 32



Junction Temperature Calculation

=T+t Ry " g*Ve

AT, is solder point temperature

AR, is the thermal resistance of the LED in °C/Watt
Al . is the forward current in Amperes

AV_ is the forward voltage in Volts

Example:
AT, = 60 °C (measured)
AR, = 9 °C/Watt (from data sheet)
Al .= 700mA (0.7A)

AV =3.2v
C T,=60+[(9) *(0.7) *(3.2)] = 80

p. 33

(LED datasheet)

°C




Semiconductor Reliability Testing

Reliability test methods and acceptance criteria for
semiconductor components have been standardized
(JEDEC, EI AJ, othersé) and pract

AThink: processors, regulators, microcontrollers, etc..

| f y cevedflown in an airplane, driven in a car,
or talked on a cell phone, youd
- body of scientific work

p. 34



LED Reliability Testing

A LEDs are semiconductor
components that happe

A Most LED manufacturers conduct standardized
semiconductor component reliability testing i
the same tests Intel tests their microprocessors
with T on their LED lamps

A The Illumination Engineering Society of North
America published IES LM  -80 in 2008 to
characterize the Lumen Maintenance aspect of
LED semiconductor components

_A Note: Lumen Maintenance | LED Lifetime
¥

p. 35
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Typical LM -80 Lumen Maintenance Behavior

4
100% .
—~ Tep=Th= 5 5£350mAl
g ~
@ Tep=Th= 8 5£1600mA
[&]
é 90% 94.1%
[¢)
£
‘©
=
é 80%
>
=
70%
/-/
’r 1 1 1 1 1 1
=
1,000 2,000 3,000 4,000 5,000 6,000

Time (hours)

A LEDs do not normally fail catastrophically; gradually lose
light output over very long time periods

A Small Ahumpo is frequently obser
hours

w A Lower drive currents and lower temperatures can yield
Y much higher Lumen Maintenance curves

p. 37




LM-80 & TM -21

T™M-21 __ Something
(testing) + (projection) — useful

LM-80

A TM-21 supplements IES LM -80 raw test data to provide LED
lifetime projections that are consistent and understandable

A Committee included Cree, Philips Lumileds, Nichia, OSRAM,
U.S. Dept Of Energy, NIST & PNNL

A TM-21 provides two major functions:

1. Extrapolate a single LM -80 data setto estimate L  ,, LED

lifetime
2. Interpolate a matched LM  -80 data set (same current, 3
3: different temperatures) for a specific temperature, and

o estimate L ,, LED lifetime .
p.




TM-21 New Concepts

Axx = % lumen maintenance (e.g., L 20 Lgg » Lgg)
AY =duration of LM -80 test used for the projection

A Calculated = what the extrapolation says

AReported = Calculated, limited by LM -80 test duration

(6xLM-80 for sampl e

A36,288 A 36,300
A215,145 A 215,000

p. 39
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TM-21 Projection Algorithm (Some Math)

LED @ I . = 2000mA Projection Method:

o A Exponential least squares curve-fit
M e L 7 through the averaged values

s ‘ A Curve fit through last 5000 hours

2 w0 or 50% of LM-80 duration,

75

% Luminou

whichever is longer

70

65

60

A Creates 2 important values:
a = decay factor
1,000 10,000 100,000 1,000,000 10,000,000 b — |ntercept

Time {hours)

L70:362,000 hrs

55

L70: 158,000 hrs ¢
L70: 2,340,000 hrs

Ing1 0[05 B2
Any L., value can be calculated from a & b: ? pﬁ
L =
A TM-21 requires that all lifetime projections include a & b P a

p. 40




The Math Will be Made Easy (tools under development)

A Real TM -21 Example ( 10Kk)

Description of LED light source

110

105

tested

20

1000 ma o ]

85°C Cw oS
10,080 hours 2

t=5,040 to t=10,080 é 80 I L80: 186,000 hrs
e ] 1.284E-06 3

s ] 1.016E+00 S

L70(10k) = 290,000 hours 65 R—
L70(10k) > 60,500 hours E;’

Lifetime |Calculated Reported Graph? 50

170 L70(10k) = 290,000 hours L70(10k) > 60,500 hours v 1,000 10,000 100,000 1,000,000
[tso | ~]|L8O(10k) = 186,000 hours L80(10k) > 60,500 hours v Time {hours)

[Loo [+ ]|Loo(10K) = 94,200 hours L90(10k) > 60,500 hours v

A Note: Reported Lifetime limited to 6x LM -80
duration (10k hrs)

A Math works forany L ., (L0, Lggs L€ )
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TM-21 Temperature Interpolation Example

2000 mA
Tsl Tsi (Interpolated) Ts2
55°C 75°C 85°C
328.15K 347.15K 358.15 K
3191.23
1.5965E-02
9.543E-07 1.625E-06 2.155E-06
9.887E-01 9.861E-01 9.834E-01
Calculated L70 L70(6k) = 362,000 hours L70(6k) = 211,000 hours L70(6k) = 158,000 hout
Reported L70 L70(6k) > 36,300 hour<iSEZO(6K)}=36;300hours L 70(6k) > 36,300 hour
S IRl | Lo0(6k) = 56,200 hours
Reported Lifetime _ L90(6k) > 36,300 hours
A Interpolation between matched LM -80 data sets
A Same current, 3 different temperatures: 55 C,85 C & manufacturero6s
A L, calculation possible on interpolated case (Tsi)
A a & a for Tsi are derived from next higher & lower LM -80 data sets
A Both sets valid ( a > 0): a by Arrhenius interpolation; a =sqrt( al*a2)

A One setvalid ( a>0):use a & & of the valid set
A Neither set valid ( a > 0): use Reported Lifetime rules
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Some Possible Implications of TM -21:

Energy Star & DLC have Could help rein in irrational
indicated preference for exuberance on LED lifetime
NReport e2lvaluésv claims

LEDs are fnunshadg kIl Roteotial foreduce oker -
lighting; even more energy
savings in LED lighting
designs on the table

New LEDs are introduced all the nOl der 0, more stabl
ti me, Nnol der 0 L EDs maybenmmre valabk in high
change (chip structure, reliability applications

packaging materials, etc.)
Many LEDs may be nis:
6k hours LM -80 for a long

time
TM-21 only solves the LED part Drivers, gaskets, p.
of the lifetime puzzle :
"""\;&;
p. 43 M, i



LED Lifetime Is Irrelevant

System Lifetime is What Creates Value

Heat Sink : Linchpin of the entire system.
If this is poorly designed, all the other
components can be compromised

i

Driver : Currently the weakest
point of the system, but the big
companies are working on this

LED Lamps : Practically never
fail; depreciate very slowly in
a well -designed system

Optical Components : Can
(rarely) yellow over time and
lose light; system design choice

&

p. 44



LED Basics Summary

A

A

LEDs are solid state semiconductor .2
devices Tand they really are ngreeno

LED lamps are also complex systems with three
major subsystems: chip, phosphor, and package.

AAl'l three must work together to get the

There are a number of types of LEDs on the market. Some
are designed for lighting applications; many are not I caveat
emptor é

LEDs are Abinnedo for | uminbsase f |
as traditional | amps are Abinnedo

50,000 hours is an arbitrary number, and TM -21 allows us to
easily calculate and predict any L o L7g:Lgg€) LED 1 i f ef

LED lifetime can be predicted With confidence if the luminaire
system parameters (T /T gp, | g, and T 5 z) are well -understood
& controlled, but the LEDs are just part of the overall

8 %
equatione o 45
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LED Fundamentals

LED Performance Parameters
A Voltage, current, heat, optics, impact on light
A LED Performance inthe  REAL world
A LEDs are awesome! What could go wrong?
A LED performance and cost roadmaps
A Strategies for reducing cost and coping with rapid
technology change

Standards update

p. 46
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SSL Luminaire: Multi -Disciplinary Effort

~
o
S

A Integrated systems approach
required

A LED light is different than existing

S S I N - light technologies

Forward Current (mA) A Not intUitive at first

-
v
=}

Relative Luminous Flux (%)
=
s

o

<}

100%

90%
80%
70%

60%

50%

40%

30%

20%

10%

5‘0 7‘5 160 léﬁ 150

Junction Temperature (°C) /
4

Relative Luminous Flux

N
@

“ A These graphs are on all LED data
sheets; familiarization with them
IS essential to getting good
results

0
Angle (°)
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Lumens, LPW inthe REAL World : g;

RS

Case Study :

A Low Bay Parking Lot Light

A 2500 lumens, 5000K

A LED LF bin =100 lumens (@ 350mA)
A 700mA Il

A Design Goal: 55 LPW

1. Find 700mA point on
relative intensity curve

2. Typical LF per lamp
] should be:

LF =100 Im * 167%
LF =167 Im

8]
(=]
(=]

A
>I‘.\.

[
(=]
(=]

Relative Intensity (%)

/

wul
o

EASY!

A\

o

100 200 300 400 500 600 700 800 900 1000
Forward Current (mA)

€ Not e: AOverdrivingo is a
4 thing as overdriving an LED
p. 48




Lumens, LPW inthe REAL World, p.2 .
%T&rf\r\\

Case Study : :
A Low Bay Parking Lot Light (.)
A 2500 lumens, 5000K ~
A LED LF bin = 100 lumens /’

A 700mA | . Tsp

A Design Goal: 55 LPW 3. Determine your junction

temperature ( T,)

oo i Requires measurement of
Tsp and calculation of T,

60% 1

50%

Relative Luminous Flux

Assume T;=60 C
20% | LF =167 Im * 90%
O%25 SIO ?-5 10|0 12|5 150 LF = 150 lm
Junction Temperature (°C)
EASY!
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Lumens, LPW inthe REAL World, p.3 .

Case Study :
A Low Bay Parking Lot Light 4. Find 700mA onV ¢ curve

A 2500 lumens, 5000K
A LED LF bin = 100 lumens

Ve=3.4V @ 25°C

A 700mA | ¢ 5. Calculate V . @ 60°C from
A Design Goal: 55 LPW data sheet
S V. = 3.4 -(0.004*(60 -25))
| V, = 3.26V

6. LED LPW =lumens / Watts
lumens/V *1I ¢
150/3.26 * 0.7

v = 66 LPW

Forward Curre
i1l

Forward Voltage (V) E A S Y ( k | n d C

p. 50



Typical Optical Losses

Secondary Optics Diffuser/Glass
D< - %‘V\
> = . \\\
_\ ,

Reflector \ t

"

/ - .

/4 _ - Diffuser
NN - /Lens
85% -90% Efficient 75% -95% Efficient

\

» -'i_"‘

r @

p. 51



Typical Driver Losses

90

85

80

75

Efficiency (%)

70

65

60

/

20 40 60 80 100
Output Load (%)

Generally, 80% - 85% is a good

estimate 1 but some will claim MUCH higher

p. 52




Lumens, LPW inthe REAL World, p.4

Delivered Lumens, LPW  (Design Goal: 55 LPW )
= 150 * 90% (optical loss)
=135 lumens per LED
=135/3.26 * 0.7
=59 LPW, 18 LEDs needed, ~2500 Im

7. Assume:
T 90% Efficient Glass Cover
T 80% Efficient Driver

=59 LPW * 80% (driver loss)
=47 LPW (wall -plug, delivered LPW)
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éeBut More Power = Lower
350% 100
/ T /190
E 300% \\ /
X 250% T 80
z SN o
E 200% \\ 0 B
n ~ -~ B8
E 150% 60 <
3 =
o 100% 50
2
& 50% 40
[
[+4
0% 30

R

0

100 200 300 400 500 600 700 800 900 100011001200 1300 1400 1500

Forward Current (mA)

F



Many Opportunities For Optimization

I{mA)

LPW

# of LEDs

Cost

There is often an opportunity to trade -off drive
current (I () and thermal design for both system
LPW (efficacy) and overall system cost

p. 55



Tools For Doing 1|teée

Many LED suppliers have developed tools to help us speed the
design process and handle the up -front design iterations:

p. 56



