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1. History of Lighting
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History of lighting

4 B.C 1000 - the first candle

& 1772 — gas lighting

@ 1784 Agrand the first lamp relied on
research (Lavoisier)

@ 1826 — Limelight — the first solid—state
lighting device

(by Thomas Drummond)

Edison bulb (1 8749%

Limelight
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FEBRUARE e I ELECTRICAL WORLD,.

A Note on Carbarundum.

—

To the Ediery of Electrical World:

S1is :—Dwring an investigaticn of the unsymmetrical passge
al corrent iheeugh & ceniact of carborundem and otber suh
stindda a curiows phepomenon was soded. On applving a pates-
tial of 10 wolts hetween two points on & crysial of earborundim,
the cryaeal gave out a yellowish light, Only one or two specl-
mgfs could be found which gave a bright glow on such a lew
voltage, bur with 110 volts & large musaber could be Found ta
glow. In spme crystals only edges gave the Hght and others
gave inmgad of & pellow light green, vrangs or Bloe, In all
cased basied the glow sppeary o coma fnom the aegative pole,
= bright Blos-green spark sppraving st the pmithe pole, In =
airgle cryatal, iF contact is made near the sentar with the nega-
tive pole, and the positive pole is pot in contact at any siher
place, anly ane sechon of ths eryital will glow and that the
same seclion wherever the positive pols i plaeed,

There e ba win belwom the abovw ofcct

and the smd pradeced by & furction of carberundum s
nnnther condoetor when heated by s dirsst ar allsrnatbng sur-
rent ) List the ennnpection may be only secandary aa an obelows
explanation of the emf effect in the thermosleetrie ase. Tha
writer would be glad of rederemeen te any published pecount
of an investigation of this er any allied phenomens.

Mew ¥Wosw, N, W H. J. Roune

First paper of LED (1907)
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History of LED

1860°s —1880%s 1980's ~
LED is born — comes of age HE LED - new era of LED

Blua
k. il A - = &

2|:o| D/ LED

(300 mecd) - . Architecture
Fairchild (1980's) !

HA 2x2 42
LED (3 af)
Monsanto(1968)

Machinery indicator, Alpha-numeric display

Sign, Signal, Display, Backlight, Task lights /

hotonics IC Design Lab.
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Marrow band emiasion from solid

Narrow band emission from gas
Electrically fueled black body emission
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Luminous Efficacy (Im/W)
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Year
Courtesy of Y. Tsao @ Sandia Lab and Frof. Jung Han @ Yale Univ.
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2. What Is a light
Emitting Diode (LED)
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LED (Light Emitting Diode)

Negarively conduction
3 —-.

charged carriers bandedge

felectramns)

~ bandgap, E, T

cHErEY

A
Pastively charged

carriers thales)

valence
bandedee

* Impurity doping provides p— and n—type region
* At forward bias, injected electrons and holes recombine
* Energy may be released as radiative (light) or non-radiative (heat)

Quanitum FPhotonics 1€ Design Lab.
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o Edge-emitting LD o LED (Light Emitting Diode)
HE(HHeH)

-

o VCSEL

HE
(DBR)

HEW 28 EHAE ZSHESHH 38 2SS HEN S8 BHAE 2 ABEIH =ES8 SUHSt

Quantum Photonics IC Design Lab.
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LED rabrication
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e.g.. metal-organic
chemical vapor
deposition
(MOCVD)

Quantum Photonics IC Design Lab.
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LED materials

- v v

MM AlGaAs, InGaAlIP
=M InGaN

<M A InGaN

UV : GaN, InAlGaN
/R : GaAs, InGaAs
Quanitum FPhotonics 1€ Design Lab.
ﬁ%‘%

POSTECH s A B i 4 ;
Dept. of Electronic & Electrical Eng. htp:/iwww.postech.ac.kifeellight & sz0

1966



L ED materials(Blue—-Green—-UV)

I

6.0 Al - 200

55:

50°
> 457 : 'g
S 4.0: £300 7
- 3 =
o 35z U i )
@ r b 200 ©
LE 3.0 F::-’
= 5 o
] ,2.5E : 500 =
2 20
] ;
@ 15 IR :

. ﬂ- _ 1000

B InN (x) + GaN (1-x) = In,Ga,_,N 1

0.5 < 2000

] Binary + Binary = Ternary (Line) = 5000
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3.0 3.1 3.2 3.3 3.4 35 36
Lattice constant a, (Angstoms)
Quantum Photonics I1C Design Lab.
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LED materials(Red)

Lattice constant ap (Angstroms)

(AlIn,_Ply + (Ga,In,_,P)(1-y) = (AL, Ga,_,)In,_,P
Lattice matching to GaAs @ x=0.5

Dept. of Electronic & Electrical Eng.

B
2.5 500
(= 2.36 eV
2.3 2.33 eV | direct-
— indirect crossover 350
h":: el Ga,In_.P — (AlyGaj_, o sIng sP
prd 2.1 ' (lattice-matched 600 —
X | to GaAs) g
& 19k 650 «~
g — 1.89 eV I . =
o — =]
= ~ 3 x Binary = Quaternary (Planeh AlyIny_ P 700 =
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Quantum Photonics IC Design Lab.

http:f/iwww.postech.ac.ki/ee/light

QPID Lab




External Quantum Efficiency

L
60%
In Ga, N (Al Ga, ), ;In P
h - -'s s ] et g N e
E S0 4
R &l
= =l
E A0%, ""-q.__‘ ) "
£ ~m 2 T =25°C
2 30% - e '/
m
c=:‘ Grean—Yellow gap
— 20% - . F
E W |/
=, i
2 409 - =, e
Lt '-._|
Dl:ll'r::l 1 ] 1 ] ] 1 ] 1

400 430 460 480 220 550 580 a10 640
Peak Wavelength {nm)

(1) Mitsubishi Cable : lli_Vs Review, Vol. 16, No4, p.34(May, 2003)
(2) Nichia Chemical Co. : Yamada et. al., Jpn. J. Appl. Phys. Vol. 41{2002) pp. L 1431-0L1433.
Remainder data Lumileds Lighting (InGaN superflux 20mA, AllnGaP Luxeon 1W @ 350maA)

External Quantum efficiency=Internal Quantum efficiency x Extraction Efficiency

1 Photonics IC Design Lab.

e
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Internal Quantum efficiency : £& LI0|2 & (LED)E S dtot= &
&0l CHOtOY L0tLE 22 & XDt 8t
HAl=JH0 Tt =4 gt LEDS] In
Efficiency2 Bt& Xl =222 S &1
ot CIALRION 2ol 23

L

0z g N
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=
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Extraction Efficiency : Ol = A BHE
= |

External Quantum Efficiency:
Internal Quantum efficiency * Extraction Efficiency
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Conventional LED

Geld Wire Beond Limitation :

e « Very high thermal resistance (>200K/W)
- « Epoxy limited to T~120 C
* Input power limited to <0.1W

LED Chip . /717 e
"o | I )

Reflector Cup — | [ 4

Cathode Lead it B Anode Lead

“al

ol —_— i
I"-'-'.-.;I.i' .:-Tr-"-" rrtl.—.
Iy
e |
ol Pm“-ru,ﬂ-‘.uw
P a~0.2-0.4W i
50 KW L o Eent
1994

Lumileds SnapLED™

P a0 AW
150-200 K/W
1870
1962 Standard Smm Lamp
Quanitum Fhotonics IC Design Lab.
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epoxXy

All LED, with exception of communication LEDs, are encapsulated with an
opticcally transparent Epoxy

Refractive index : 1.5 — Refractive index contrast between the
semiconductor and air is reduced by epoxy

Shape of epoxy dome : Hemisphere (angle of incident is always normal)
Cylindrical, Rectangular (viewing angle is planar
surface normal)

Additional function : protection against mechanical and chemical shock
(LED dies, bonding wire, two metal leads)

POSTECH — QRTD e —
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LED Structure & Specles

1. LED structure

Sapphire

Chip dimension = 0.3 x 0.3 x 0.1 mm?®

POSTECH

2. Flip chip bonding

Patterned sapphire

# Flip-chip bonding
- HEEY A
-& =gag? 3}

'

m Trapped light ray
7 /I\\ I/\ /_ //\\
/ 7 S e %
bY ,f

~
h
4

LY

~

b

Dept. of Electronic & Electrical Eng.

High-index semiconductor

Quantum Photonics IC Design Lab.
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Escape cone

A
T_u%g:jr;? Sin 8¢ = ng/n;
Vi i When,
R=100% [ g 8 > B¢ : Total reflection

8 < 8¢ : Partial reflection

8. = 24° for chip/air
B¢ = 37¢ for chip/epoxy (n=1.5)

Escape efficiency = 10% for epoxy
(n=1.5)

TS/TIP chip — 300} & =884

Quantum Photonics IC Design Lab.

POSTECH —— QPID Lab — f”‘“‘*}
Dept. of Electronic & Electrical Eng. http://www.postech.ac.kr/ee/light & PR

1966




Low resistance & high transparancy electrode

iy E— electrode

n—GaM

Substrate

Conventional [TO

010
| —a— Doped-Zn0inpn-Gan
008 k" T inpn-Gan
’ ——{day after
— doped Znlinpn-Gan
..I 0.06
e
- 0.04
@
a1
=
QO .00 ZnOH A8 FZE=
uuz' IIIIIIIIIIIIIIIIIIIIII
12 0 4 € -4 -2 0 2 4 & & 10 12
Voltage (V)
IC Design
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High Power LED

* Nichia’s early high—power LED package has been flip—chip
bonding type.

« High reflective p—electrode by Ag

 Decrease of absorption of emission light by InGaN layer

 High heat conductivity with CuW

« FWHM A= 10nm, PO= 400 mW, next= 24% VF= 4V

n-Electrode

n-AlGaN Layer

Layer .
’ = p-AlGaN Laver

p-Electrade — - Salder

High-power 365nm UV-LED

IC DeS|gn Lab :
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Lumileds

 High flux packaging
—Temperature increase = red shift , Intensity decrease

Conventional LED High flux LED
- - ) Ch. -

R *Reduced LED number
_______________ eHigher brightness
i eHeat problem

005~03W 10 - 120 Im Heat dissipation

Resistance
=200 ©/W

Plastic Lans

e Low thermal Resistance
Silicon encapsulent —
InGaN
"' Semiconductor . -
Cathode Lead Flip Chip GQOd rgllab|llty , color
Solder Connection Unlformlty

; Silicon Sub-mount Chip
Heatsink Slug with ESD Protection

POSTECH == R TI Hl—
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Development trend

e
AHLLEOL O] D] BF O| st o
> DEF0| (IZE0 28t AX Mo 8 *

> EEH0 oI, AEste HA By
5 "'7[113% I!$’4_'.=_]

-
<
Y pumped InGaM on BR/Si
-]J/, éﬂarj =
o Mo [ S0\ BIE 0188 REE LED o AB
iGEN, Zn0, G3203.._§ = J|BJ|=0| Ot= D124
> OiA 2)18tE 0|28t 52 & <2 LED &
> Jl==H0) Chxs= E&)|= W&

Quantum Photonics IC Design Lab.
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RCLED

RCLED: resonant—cavity light—emitting diode
— a light emitting region inside an optical cavity

— The resonance wavelength of the cavity coincides or in
resonance with the emission wavelength of the light—emitting
active region of the LED.

— The RCLED is the first practical device making use of spontaneous
emission enhancement occurring in microcavities

— The Jight intensity emitted from the RCLED along the axis of the
cavity is Aigher compared with conventional LEDs. ( enhancement
factor: 2 ~ 10 )

IC Design Lab.
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(@) Au
Reflector = Ti
:‘ SiOz
+
Confinement p'-type GaAs
Active — p-Alp.2Gag gAs
Region
b
Confinement 4 Galg\ﬁ?;(}a}\s (b)
_ D-type
DBR Al 2Gag gAs
reflector | |
10 Period
AlAs/GaAs
DBR
= AuGe
; AR coating

Fig. 15.4. (a) Schematic structure of a substrate-emitting GalnAs/GaAs RCLED
consisting of a metal top reflector and a bottom distributed Bragg reflector (DBR). The
RCLED emits at 930 nm. The reflectors are an AlAs/GaAs DBR and a Ag top reflector.
(b) Picture of the first RCLED (after Schubert et al., 1994).
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White LED

 Method to make White LED : Lighting, backlight unit, medical light

1. R+G+B

Blue, green, @ @ @
and red LED ‘E E E\
A

3. UV LED + RGB Phosphor

White Light

...—-_-I-""'_"""I-z...

Y

RGB Phosphor

uUv LED

POSTECH
Dept. of Electronic & Electrical Eng.

2. Blue LED + Yellow Phosphor

White Light

g

Blue LED Yeallow Phosphof

Fed Peak
Blus Peak

I | Ll
470 525 590 630 (nm)

Combined
Spectrum

Blue LED
Spectrum

P i T

470 525 590 630 (nm)

Phosphor
Emission

—— QPID Lab —
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3. Properties of LED

hotonics IC Design Lab.

s NP T I LAl —— e
OSTELD i i http:// h.ac.kr/eeflight %@g
Dept. of Electronic & Electrical Eng. ttp://www.postech.ac.kt/eellig 258"




Photometric

1. Luminous flux: A monochromatic light source emitting an optical
power of (1/683) Watt at 555 nm has a luminous intensity of 1 Im

:The photometric quantities are related to the corresponding
radiometric quantities by the C.I.E. Standard Luminosity Function

o A\

Radiometr] oo} I ——— g PN0IOMELT]
adlometric o z otametric
Cluantity / N Cluantity
NI4T

350 400 450 500 550 600 650 700 750
Wavelength (nm)

Figure 1 CIE V(1) Function.
Km = 683 Im/W
830 nmi _ . .
}fu:KmJ- Ke..lv{‘l} dA Xe,?\_ radiometric
360mm quantity
X, = photometric
quantity
N um Photonics IC Design Lab.
G, i
‘b4 POSTECH st WS U % )
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I
2. Luminous intensity : Cd (Im/sr) :

B 42m &

isotropic

|sotropic

isolropic

n<‘,_‘ﬁ1cd-<-”ﬁr\/ 0

30

5= anisotropic

GO~

dw : solid angle
dF: Luminance flux

=l

Luminous efficiency= Im/W(IV) , Luminous efficacy= Im/W(radiometric power)
nes IC Design Lab.
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B
3.View angle

(a) Planar LED

Semi- Light-
conductor E smitting
§‘ region

(b) Hemispherical LED (c) Parabolic LED

(=]
(d)
70° 70°
80° spherical Planar LED | _\ goe
LED lambertian 5~
paitterrn [
90°| ‘ . ) I 1 H 20°
1.0 0.8 0.6 0.4 0.2 0.0 0.2 0.4 0.6 0.8 1.0

Fig. 5.5. Light-emitting diodes with (a) planar, (b) hemispherical, and (¢) parabolic
surfaces. (d) Far-field patterns of the different types of LEDs. At an angle of @ = 60°, the
lambertian emission pattern decreases to 50 % of its maximum value occurring at @ = 0°.
The three emission patterns are normalized to unity intensity at @ = 0°.

View Angle describes the spatial intensity distribution
and is the difference between the angles corresponding

to 50% of the maximum intensity.
ABys = BRgs - Oy

< IC Design Lab.

—— QPID Lab —
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Color matching functions x, ¥, = (

4. Color matching diagram & CIE Chromaticity diagram

1.8 T T
L6F 931 | ‘ l i 830 830
. __ | 1931 and 1978 CIEX y Z __ " v — . 1% =7 ]
14 color matching functions | _| X = Ff | I{ﬁ,),‘.{'(ﬂ,)dﬁ, .F= k ".I(ﬁ,)_}(d)dfl
12k N 360 360
1.0 N ] 230
ur p Z=k [I()Z(A)di
0.6 ? 5 50
0.4 __ —_
02— =
W= |‘ ‘ L . \ L L X ¥
300 400 500 600 700 800 = V=

Wavelength A (nm)

Color mathing diagram

POSTECH
Dept. of Electronic & Electrical Eng.

X+V+Z T X+TFV+Z

e 2 ~ & . .
Quantum Photonics IC D Lab
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0.5

400 rm

Source coordinates = (x, v)
Dominant wavelength = 515 nm
Color purity = a/ (a+ h)

Equal-energy locus
(xm 1/3, p=1/3)

Typical blue
o "D

0.1 0.2 0.3 0.4 0ns 0.6 0.7 0.8
x - chromaticity coordinate

CIE Diagram

POSTECH
Dept. of Electronic & Electrical Eng.

Color purity = a/(a+b)

. color mixing etc...

Quantum Photonics IC Design Lab.
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femperature dependent

Carrier overflow | 2i8t JHEE S8 ==

E_
L=
o He = o
E
E\..- h* . B :11:“+ N
+0 - +
e N T e
\_ .
h+
ho ho' HiuxXizio] 24 (HaIm=Ee] =7H
s 1000 —1——— T T T | =
£ = . ] ] =
; . = GalnN/GaN . | ~|
S 300 green LEDs —
= GalnN/GaN
= — (Ped 1) : blue LEDs |
z ——-____| (470 nm)
E 100 b . - =
= =
§ 20 AlGalnP/GaAs —
o 30 red LEDs —
2 | (625 nm) ]
B
A 1o I | I I I [
-20 0 20 40 60 80 100
Ambient temperature 7 (°C)
IC Design Lab.
of
— QPID Lab —
POSTECH
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Spectrum of LED

__ 100 | I T I | T I
2 GalnN/GaN GalnN/GaN AlGaInP/GaAs
5 blue LEDs green LEDs red LEDs
< 80 =] (470 nm) (525 nm) (625nm) |
o
= 1 1 F‘lg. 12.16. Typical emis-
z 00—+ V4 sion spectrum of GalnN/
2 GaN blue, GalnN/GaN
= —| T'=25°C 2
2 green, and AlGalnP/GaAs
2 OF 1t/ 7\ 7 71T\ 7| -red LEDs at room tem-
£ T perature (after Toyoda
T}, bY1 ) a— . . . . . . . . . . . - - Gosei Corp., 2000).
B | | | “ \| | | \ |
= /
2 0 | | l | |

400 450 500 550 600 650 700

Wavelength A (nm) www. LightE - org

POSTECH
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4. Applications of LED

IC Design Lab.
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Market of LED

[
Total: $3.7 billion
27.84% LCD ., 13% Signs
Backlights 13% Automotive

R

N R 294 Signals
L 509 illumination

999 Other

22,049 "
° 8.129% Other
Keypad functions use in
Backlights '

mobile

Mobile appliance : 58% total : $2.1 billion

, | Photonics IC Design Lab.
ﬁ!/%q“
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Display & Sign

LEDS| XI&k2t0| 10deg down &l HISAtS
Wide angle AFZ. Color mixing0| &% &=

43 POSTECH
&Y Dept. of Electronic & Electrical Eng.

Ex) LED display & 3 Atd
a7 UotE B e AR Jie ExE
0l 44810t
G T8
A H2IOIE 35 83 i
-:ﬁmﬂg_ ¥ J*
=g 71
v
e | S RE Iy

AU E Ot Z20A 2N
5t

Quanitum FPhotonics 1€ Design Lab.
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)

% 1966

http:f/iwww.postech.ac.ki/ee/light



Color mixing

— 520nm

0.8

0.7

(L6

¥ - chromaticity coordinate

0.0 -
(.0 1 0.2 03 04 0.5 1.6 0.7 (L8

x - chromaticity coordinate

Photonics IC Design Lab.

—— QPID Lab —

POSTECH _
Dept. of Electronic & Electrical Eng. LR ROStCCl-aE AE e/ lalRt




Color Rendering Index

CIF Test co]m'
sample object No. 1
(light grayish red)

/\/fj

No.2
(dark grayish vellow)

] (strong yellow-green)

No. 3

= (1/8) >Ri (i

0.4
‘(mndcratc yellowish gru:n)‘

No. 5 I
(light bluish green)

I~

1 1 L
No. 6
(light blug)

1 il 1
T T T
7 Ne. 7
"} | (light violet)
s I

No. 8
(light reddish
purple)

400 500 600 ?00 800
Wavelength & (nm)

POSTECH

400 500 600 700 8OO
Wavelength & (nm)

L Il 1 1 Il
400 500 600 700 8OO
Wavelength A (nm)

Fig. 11C.2. Power reflec-
tivities of CIE test color
samples used to caleulate the
general  color  rendering
index (data after CIE, 1995).

Dept. of Electronic & Electrical Eng.

:1~8 : test sample)
= 100 (ideal illuminant)

BFLIE YAG LED LN * HGB LED

Quantum Photonics IC Design Lab.
QPID Lab -
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LED BLU

Back—lighting by LED (Lumileds) Back-lighting by CCFL
Merit Demerit
» High color rendering index * Hgat
« environment « High cost

» No blurring (high response speed) * color control
* No color filter
* High contrast ratio

Quanitum FPhotonics 1€ Design Lab.
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Luminous flex per pbackage and lamp price per lumen
| .

| I | | 10°

=
ad

Fig. 12.15. LED luminous
flux per package and LED
lamp purchase price per lu-
men versus year. Also
shown are the values for a

~30 X increase/decade — . ] |2

=

\A ‘_(\7"9/' 10!

H‘\A

; 0 E .
10° ‘\HO 100 8% 60 W incandescent tung-
/é’A\A‘ = sten-filament light bulb with
107! P AL |-A‘_~ 107! a luminous efficiency of
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"Electronic Equipment

IC Design Lab.
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EJC..

Traffic light : low electric power consumption.(~80% of lamp)
long lifetime (10 times)
High brightness (3 times)

Major activity in china
Saturation in USA
ANUL&E A3 3

lamp
Quantum Photonics IC Design Lab.
G, S
‘4245 POSTECH g m
¢eeey  Dept. of Electronic & Electrical Eng. http://www.postech.ac.kr/ee/light NG
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Car : high speed response
high lifetime
freedom of design

KMater backlight

Mobile :

Keypad
(Blue,White)

Lightmg [or Digital-30dl Cnmerm

4~ LCDBLU

Juantum Photonics IC Design Lab.
o Songs
POSTECH — QPID Lab — e

3
Dept. of Electronic & Electrical Eng. htp://www.postech.ac.kr/eeflight & *w‘g
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fechnical Issue

M2l Ads, =s83Its: EA0[A0.3 ~ 2 mm
o DNESE ~108XFon-off A/F(HES=0.15%)
o ZrTH: 50~ 1008HAI2H@30% degradation)
e JS=E:Uptobdtn AR S E
« HXI}Is: Up to 500 Mbps (w/ Gl POF @650 nm)
« 220 EASHHIH(FZHMLED)
o MAEEAX: HIESHHI15% AHINMS

« -Cold light : No Infrared radiation

2
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Quantum Photonics IC Design Lab.
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Emission of red (670 nm) POR laser

Emission images and spectrum of the red POR laser (670nm)

120
PQR emission 16 =15 um POR p=10um
1004 11 =300 pA

N

AL
0.055 nm

(o]
o
| "

Intensity (a.u.)
N

D

o

| "
o

846 847 848 849
Wavelength (nm)

i W
LED emission oy N . . : . :

T T T T T
550 600 650 700 750 800 850
wavelength (nm)

Intensity (a.u)

N
o
|

- The PQR lasing region is brighter than the LED emission region, which
means very high emission efficiency of the PQR laser.
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Red PQR 8x8 array (30 um) emission

IC Design Lab.

POSTECH — QPFID Lab —
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¢ =30 pm ¢ =48 um
| = OmA (0 pA/cell) | = OmA (0 pA/cell)

Quantum Photonics IC Design Lab.

POSTECH —— QPID Lab — f““““'}
Dept. of Electronic & Electrical Eng. http://www.postech.ac.kr/ee/light &oves
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¢ =30 um o = 48 um
| = 1.5 mA (23 pA/cell) | = 1.5 mA (23 pA/cell)
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¢ @
@ ¢
¢ €
¢ €
6 €
6 €
6 €
6 0

¢ =30 um

=2 mA (30 pA/cell $ = 48 um

| =2 mA (30 pA/cell)

IC Design Lab.
POSTECH —— QPID Lab —— FP D
Dept. of Electronic & Electrical Eng. http://www.postech.ac.kr/ee/light




Luminous Intensity angle dependent (View angle)— Setup

Angle®| HH 3}

Photometer

Goniometer ( Neo Light 3000 )

IC Design Lab.
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— ¢ =48um , | =100 mA
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Quanitum FPhotonics 1€ Design Lab.
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View angle of Red PQR array (¢= 48 um, 8x8 array)

—— ¢ =48um , | = 200 mA

30

Luminance Intensity (normalized cd)

180

View angle= AR, _ABY,, = 118°

POSTECH
Dept. of Electronic & Electrical Eng.

m Photonics IC Design Lab.
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CIE diagram

Dept. of Electronic & Electrical Eng.

I
1.0
520 nm —— CIE diagram
® RedPQR 30 um
0.8
0.6
>

0.4

70

>0 0.2 0.4 0.6 0.8
X
2 2

. X=X ) +(y—
Color purity : _ & _ \/( et ) (Y~ Vit ) ~1
2 2
a+b 0t =X )? + (Yo = Yeer)
Quantum Photonics 1C Design Lab.
o
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Luminance Intensity ( Cd )

Red PQR array
Photometer (8x8 )
. "

[

100mm

CIE Standard Condition B
Circular aperture of area : 100mm?2
Distance : 100 mm
Equivalent plane angle : 6.5 deg (0.01sr)

IC Design Lab.

POSTECH — DR T ——

Dept. of Electronic & Electrical Eng. http:/fwww.postech.ac.kr/ee/light




Result

Sample é= 30 um ¢= 48 um
S=4.52x1078m? S=1.15x10""m?

20 mA 2.94 mcd 4.73 mcd

100 mA 23.4 mcd 34.8 mcd

200 mA 43.9 mcd 69.6 mcd

-—— QPID Lab

‘48 POSTECH
¢eeey  Dept. of Electronic & Electrical Eng. http://www.postech.ac.ki/ee/light




Total luminance flux ( Im )

D
Integrating Sphere (Neolight PL5000)

POSTECH
Dept. of Electronic & Electrical Eng.

PQR array
Photometer
2m
IC Design
— QPID Lab ——

http:f/iwww.postech.ac.ki/ee/light



Result

Luminance flux é= 30 um ¢= 48 um
0.045m? 0.115m?

100 mA 18.3 mim 83.4 mim

200 mA 90.5 mim 798 mim

Luminance efficiency

100 mA 0.1 Im/w 0.44 Im/w

200 mA 0.23 Im/w 2.018 Im/w

POSTECH

Dept. of Electronic & Electrical Eng.

-—— QPID Lab

http:f/iwww.postech.ac.ki/ee/light

IC DeS|gn Lab




Conventional red LED : 2f 620 nm , PQR : 670nm : AI%*E Ol A XtO|
- Conventlor]al LEDSZP =Hlw HAS

109 T T T 7T T T 77T T T T 7 | T T 0 T F T ' TT T T | 683
E: = —— —— —— - I - CIE ]978 [
mn Photopic vision | }—
B L 100
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Fig. 16.7. Eyve sensitivity function, F(A). (left ordinate) and luminous efficacy, measured
in lumens per Watt of optical power (right ordinate). F(A) is greatest at 555 nm. Also
given is a polynomial approximation for F(A) (after 1978 CIE data).

vy, LightErmittin org

Im
Puym = 683 j}LV(k) P(L) dA

Quanitum FPhotonics 1€ Design Lab.
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