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Impacto da tecnologia LED na
metrologia optica

Thiago Menegotto

Pesquisador-Tecnologista em Metrologia e Qualidade
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LED e Metrologia

Vida util e
confiabilidade dos
LED

Necessidade de novg
metrica para o IRC

Nova metodologia
para realizacao da
Candela

Padrdes para
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Prémio Nobel Fisica 2014

New light to illuminate the world

This year's Nobel Laureates are rewarded for having invented a
new energy-efficient and environment-friendly light sourcehe

blue light-emitting diode (LED)In the spirit of Alfred Nobel the
Prize rewards an invention gfreatest benefit to mankinasing

blue LEDs, white light can be created in a nevay. With the
advent of LEDlamps we nowhave more long-lasting and more
efficient alternatives to older light sources.

Isamu Akasaki - Meijo University, Nagoya, Japan and Nagoya University, Japan
Hiroshi Amano - Nagoya University, Japan
Shuji Nakamura - University of California, Santa Barbara, CA, USA
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Fig. 20.1. LED-based approaches
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Fig. 21.1. White sources using phos-
phors that are optically excited by UV
or blue LEDs.
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Evolucao na participacao de mercado
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@1 73:154 2013:
LED After 6 years LEDs have

reached a market share
==CFL of over 4%

e==Smart Phone
1986: After 6 years on
the market, CFLs had
only reached a

2007: LSG releases penetration <0.1%

the first viable |
(>300 lumens) ;
replacement bulb

| 2 3 4 5 6
Years since market introduction

Figure 4.1. Comparison of Market Share Increases after Product Introductions for CFLs. LEDs (Lamps
and Luminaires). and Smart Phones. Source: Navigant Consulting. Inc.

Early lessons learned on the way to market, DoE (2014)
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Custo versus tecnologia
RS 120,00
RS 100,00
RS 80,00
=
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o _
. —LED9W
RS 40,00 A
—7 —FLC14 W
RS 20,00
// Incandescente 60 W
RS - .
0 20 4000 6000 8000 10000
Tempo de uso (horas)

Custo energia - 0,70 R$/kWh
Troca de lampada dv = 800 Im

6000 horas (4 horas/dia) - 4 anos
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Figure 1.8 Cost Breakdown Projection for a Typical A19 Replacement Lamp

Source: DOE SSL Roundtable and Workshop attendees
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Onde a lampada incandescente é melhor que o LED
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Eye sensitivity function F(A)

Fotometria

Sensibilidade espectral visao Espectro de radiggéo solar
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(a) (b)
Retma
: - Blood
Lens. 1118 / \ \ vesosgls
Cornea X \ /
| Optic
nerve

Green cone .-.——- ﬂ
/ Nerve y '

st fiber  Connecting Light receptors

s membran :
o SAEA0S layer  nerve tissue

Fig. 16.1. (a) Cross section through a human eye. (b) Schematic view of the retina
including rod and cone light receptors (adapted from Encyclopedia Britannica, 1994).

www.LightEmitting org
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Color-matching functions

Trés diferentes tipos de cones:
v" Vermelhq
v Verde ‘ g

v Azul.

Representam o tricromatismo da visao humana.
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Valores de Triestimulos

780 nm 780 nm 780 nm

X =k J b, (A)E(A)dA,Y = k J b, (A)F(2)dAZ = k j ¢, (2)z(2)dA

380 nm \ 380 nm 380 nm

Distribuicao de poténcia espectral

Coordenadas de cromaticidade

K
X = ,
X+Y+2Z Z € redundante
Y
Y= X Ivy+Z x+y+z=1
Z

“SX+Y+Z
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Diagrama de cromaticidade

CIE 1931 x, y chromaticity diagram

520 nm -

Fig. 17.2. CIE 193]
(x,y) chromaticity dia-
gram. Monochromatic
colors are located on the
perimeter and white
light is located in the
center of the diagram.

y - chromaticity coordinate

0.0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8
380 nm \ _ chromaticity coordinate

www, LightEmitting org
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Diagrama de cromaticidade

CIE 1931 x, y chromaticity diagram

520 nm -

Fig. 17.4. CIE 1931 (x, y)
chromaticity diagram. Mono-
chromatic colors are located
on the perimeter. Color satu-
ration decreases towards the
center of the diagram. White
light is located in the center.
Also shown are the regions
of distinct colors. The equal-
energy point is located at the
center and has the coordi-
nates (x, y) = (1/3, 1/3).

ﬁi(l’B,”l”/’Si
white

v - chromaticity coordinate

N&ao uniforme.

0.3 0.4 0.5

x - chromaticity coordinate ,
www.LightEn [o org
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Diagrama de cromaticidade

— 520 nm —
T p30 nm CIE 1931 x, y chromaticity diagram
0.7 Fig. 17.5. MacAdam el-
lipses plotted in the CIE
3 1931 (x, y) chromaticity
Z o diagram. The axes of the
= ellipses are ten times
g 05 their actual lengths (after
Z MacAdam, 1943; Wright,
= 04 1943; MacAdam, 1993).
5 |
-F;' 0.3 620 nm
~ 490 650 nm
770 nm
0.2
0.1
0.0

0.0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8
380nM y _ chromaticity coordinate

www t org
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Diagrama de cromaticidade uniforme

0 530 540
6 0

Fig. 17.6. CIE 1976
(', v") uniform chroma-
ticity diagram calcu-
lated using the CIE
1931 2° standard ob-

v'- chromaticity coordinate

0 CIE 1976 server.
- 470 nm | ', v uniform
0.1 chromaticity
diagram
00 1 1 | 1 |
0.0 0.1 0.2 0.3 04 0.5 0.6

u'- chromaticity coordinate
www.LightEmitting org

A diferenca de cor entre duas posicoes € aproximeadi
proporcional a distdncia geometrica entre 0s pontos
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Diagrama de cromaticidade uniforme

520 530 540
0.6 A\—J—/=550
510n
0 2,610,620 640 680 Fig. 17.7. MacAdam elli
500nm nm 1g. /. MacAdam ellipses
0.5 transformed to uniform CIE
1976 (u', v') chromaticity coor-
490nm dinates. For clarity, the axes of
0.4 ' the transformed ellipses are ten
g times their actual lengths. Trans-
-_g 0. formed fellipses are n'ot ellipses
g in a strict mathematical sense,
: but their shapes closesly resem-
3 02 ble those of ellipses. The areas
'cEG CIE 1_976 of the transformed ellipses in the
g u,v umfjor"m (u', v') diagram are much more
S 0.1 chr(.)maticlty similar than the MacAdam el-
= : diagram lipses in the (x, y) diagram.
0.0 I I S I S

0.0 0.1 0.2 0.3 0.4 0.5 0.6
u' - chromaticity coordinate org
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Temperatura de cor

da emissédo de corpo 23| ox ( he \
p
negro \ AAT )

Distribuigéo espectral ;i — 2hc?

10 Fultraviolet ; visible infrared |

T T
I |
| |
= : I Fig. 18.2. Spectral intensity distribu-
| : tion of Planck’s black-body radia-
- I | . .
§ ! tion as a function of wavelength for
z | different temperatures. The maxi-
5 ' mum of the intensity shifts to shorter
g o = wavelengths as the black-body tem-
P perature increases.
~
2
m 4
5
E

[§9]

Wavelength A (1m)

www. Ligl org
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Temperatura de cor

Fig. 18.4. CIE 1976 (u', v')
uniform chromaticity dia-
gram calculated using the
CIE 1931 2° standard ob-
server and planckian lo-
cus.

2
<
R= 3
=] i =i
§ 480nm¥ i /
g fesmaoi - |
202} /
= CIE 1976
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LED e Metrologia

Vida util e
confiabilidade dos
LED

Necessidade de novg
metrica para o IRC

Padroes para Novo método para
laboratérios de ensaiojl realizacao da Candela
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Indice de reproducéo de cor (IRC)

Habilidade de um iluminante de representar a cores reais de um objeto.

Definicao do ILV (International Lighting Vocabulary):

“Effect of an illuminant on the color appearance of objectsy
conscious or subconscious compariswith their color appearance
under areference illuminant
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lluminante de referéncia para IRC

6520 530 540 Planckian locus

~ Chromaticity of object — |
|, When illuminated with
™ reference Ilght source 680nm

Chromatlcny of object Fig. 19.6. Chromaticity differ-
| when illuminated with ence resulting from the illumi-

test Light Source nation of an object with a ref-
erence and a test light source.
In the CIE 1976 #', v' uniform
chromaticity diagram, the
color difference is directly
proportional to the geometric

0.3

v’ - chromaticity coordinate
o
39}

CIE 1976 distance. The reference light

o | . " uniform source is located on the
0.1 chromaticity planckian locus at the corre-
d_'agrém lated color temperature of the

test light source.

0.0 0.1 0.2 0.3 0.4 0.5 0.6

u'- chromaticity coordinate -
www.LightEmitting 5.0rg
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Indice de reproducéo de cor

o0

Ré : R; = 100 — 4.6 AE; and R, = %ZR’
i i—1
_ _ _ IRC
o

Problemas:
v' Métrica desenvolvida para lampadas fluorescentes (1974);
v Leds possuem maior liberdade para a elaboracéao do espectro;

v' Nao necessariamente se traduz em melhor aceitacao por parte dos
consumidores nos casos dos LED.
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Indice de reproducéo de cor

—
o0

R; = 100 — 4.6AE; and R, = —ZR,-

o N oo

R14

Ry Ry

v Outros aspectos devem ser considerados: TCC, saturacao de cor
e posicao no diagrama de cromaticidade.
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Y V. International Commission on Illumination
Commission Internationale de lEclairage

M - Internationale Beleuchtungskommission

=\

4

—

< ‘“
i
;

, March 3 to 5, 2016, Melbourne, Australia. Followed
by Divisions 2, 4 & 5 Annual Meetings, March 7 to 9, 2016.

CIE Position Statement on CRI and Colour Quality Metrics

October 15, 2015

Position Statement on Colour Rendering Index

18 September 2015

PS-8-15
Color Rendering Index

1.Alerta sobre regulacao de
mercado com valores
desnecessariamente elevados de
R,;
2. A adocao de metricas regionais
podem introduzir confusao;

3. A obtencao de consenso sobre a
métrica mais adequada requer
tempo - (CIE 177-2007).

Ra > 80 para iluminacao de
interior (EC1194/2012).



GOVERNO FEDERAL

\ o)
_‘ ~ INTERNATIONAL

ilai - Ministério d A~
Congresso Brasnelro de ' YEAR OF LIGHT b Dganvolviménig, lagtstrin G
Metr0|0g|a 2015 - S ’ 2015 INMETRO 8 Conéreio-Exterior PATRIA EDUCADORA
bl

LED e Metrologia

Vida util e
confiabilidade dos
LED

Necessidade de nove
métrica para o IRC

Padrdes para Novo método para;
laboratorios de ensaiog realizacao da Candele




P

EEEEEEEEEEEEEE

. INTERNATIONAL - Ministério do 2
Congresso BraSIIeIrO de ' YEAR OF LIGHT ! Desenvolvlmt-znto, Industria s IL
|\/|e'[I'0|0gIa 2015 % ’ 2015 INMETRO & Comérclo Exterlor PATRIA EDUCADORA
By

Padréao para laboratorios de ensaio

G

i ; £

-

Teste Padrao

v" Distribuicdo espectral das duas fontes € muito diferente;
v" Distribuicdo geométrica séo diferentes;
v Nao-uniformidade da esfera pode induzir erros de medicao.
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Padréao para laboratorios de ensaio

i 4

Teste Padrao

Desenvolvimento de um
conjunto de padroes de
referéncia com diferentes
propriedades;

ENG62 MESalL
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Vida util e Confiabilidade

v' Tempo de vida longo € uma das vantagens do LED;

I

v Para outras tecnologias € necessario avaliar apenas o
tempo de vida da lampada;

v' LED - desempenho pode ser afetado pela interacdo
entre componentes;

v' Nao had um método consensual para a estimativa da
vida util e confiabilidade dos dispositivos LED.
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Vida util e Confiabilidade

v’ L,,— manutencéo de fluxo (IES-L{80-2008);
v Mudanca das propriedades colorimétricas (IES8442014);
v Confiabilidade dos componentes eletronicos.

Comunidade cientifica;
Orgaos reguladores;
Fabricantes.

“ll \ E —3 X
http://www.nist.gov/pml/div685/grp03/led-
lifetime-measurements.cfm
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LED e Metrologia

Vida util e
confiabilidade dos
LED

Necessidade de nove
métrica para o IRC

Padrdes para Novo método para
laboratorios de ensaiop realizacao da Candela
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Realizacao da Candela

Realizagcdo baseada em detectores:

Radiometro
Criogénico
R »flltro
Fotodetectores de '
Silicio I -
Fotdmetros = [ampada aberturajetector

1) Coelho, C. T. ALVES, L. C. . Realization of the Candela at Inmetro. In:
CIE Centenary Conference 'Towards a New Centubyighft', 2013, Paris.
PROCEEDINGS of CIE Centenary Conference "Towarew Century of
Light" CIE x038:2013. Vienna: CIE, 2013. p. 643-647
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Realizacao da Candela com lampadas LEDs

v Incerteza 0,008 %;
v Faixa de 400 nm a 800 nm; v Escolher lampadas que nao

v Vi : o
(F;esponsn_/lcclla(ée C?,IC.Uladf; emitam radiacao fora da
as propriedades fisicas dos regido do visivel:

detectores.
Newstyrp
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Realizacao da Candela com lampadas LEDs

Table 1. Main uncertainty components of illuminance

Spectral radiant Ap erture measurements using the reference photometer and PQED.
intensity @.(A) area A RS
; uncertainty / %
~ Known spectral Source of uncertainty
N\ responsivity s(A) Photometer PQED
Absolute responsivity of the detector  0.10 0.01
i
I Aperture area, A 0.07 0.07
!/‘ N 155
i Distance o _ Spectral mismatch correction factor, £ 0.50 0.40
! => Photocurrent /
LED lamp PQED Photocurrent measurement, i 0.01 0.01
Combined standard uncertainty 0.51 0.41

T, DOnsberg, et al, New source and detector tedgydbr the realization of photometric units, Naar2014..
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