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Design of a compact LED illuminator with narrow beam

diffusion angle

Student: Hom-Wei Liao  Advisor: Dr. Jyh-Long Chern

Institute of Electro-optics Engineering

National Chiao Tung University

Abstract

The subject of this thesis is the design and discussion of narrow beam angle and
high-efficiency illuminator. Illuminator is composed of the light source and the
lighting which including the optical lens and devices. General light source is such as
incandescent light, light emitting diode, and laser diodes. According to the
applications of different light sources and the different requirements of light field
types, the corresponding optical lenses are different. In this paper, we use a single
LED to design a high illuminator efficiency and narrow beam angle illuminator in
both symmetric and asymmetric structure. LightTools and Code V are the optical
software used by us during design to establish the light sources, the optical lenses,
the receiver which do ray-tracing simulation for observing the efficiency and the
focus of the spot. After the original design is completed, we examine the tolerance
analysis for understanding the effect in efficiency between the LED positions and
the angle errors, and also trying to find out how fresnel-like to impact the divergent
angle. Under the asymmetric structure, we had designed a lens which the
efficiency is 43.05%and the beam angle is 15.6 degree, on the other hand, the
symmetric structure one which the efficiency is 78.32% and the beam angle is 5.8

degree.
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R Rar: £ R=zh *K{u AwkBE o R 1~ s AP AT fHE i E B iﬁ
etendue - § — B & £ B ¥ _Lambertiank k> d g s E ¢ > AP T ok §

(p=|_ﬂdAcos6dQ CH Y AR S R S RL TR
[[ dAcos Q2 fr2. 7 etendue s 7 58 A e s> Fg 7 2k 2

E=|[dAcosae - (2-22)

# H = % mm?* steradian [10] -
2-3.2 Etendue 3+ &

B2225%° ERMAH)  RELE- BEEY o EEE B A JA T
FLEBRNA R AP 020 AT R MG R A Y

E = Af cos 0 (2-23)
H¥ dQ=27sin&do

E= A_[ Cos Q2
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=2zzAjcoysirw9

=7Asifng (2-24)

HP AL KRa ff o 0F4ce 2 L & o F 5 - BT 5 eolambertiank k> H i &
2.2k Z90R 0 F]MF ~2-2458 ¢ > W

P2 AR R EFRRL TR RSO RA ERRLE - AT G hkR
PR et B ? AR APRAL Y - B E 2 o APKRENT - B3
2 Skew invariant - 7 L 2 i L €_%& Skew invariant(z £ % Skewness) - # #c
g A A

—

S=r-(kxa) - (2-25)

[

H¥ g LSkewinvariant 0 r ¥ - kAL kb EHEI R KE- B

A
) 3 RaerA Bt spd PR e E BB v - BB a b
2

~ B pS
. o
.
~
. {
(7 D (0]
~ 7
£ = Z
s,
b ’,
s’
o ’
.
S 1 /,
N ’,
» - I/
“ I
4 «
s ] N
I\\ () s’ \
/ N X ’ \
‘ X ’ \
' 0y -, )
I Soo .
.......... Pk rmmrrr e -

d B 2-12 ¢ e 2 g d Skew invariant

s=nrsing - (2-26)
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v

dQQ=cosad&y - (2-27)

de =n*dQdAcos o > (2-28)
Ccosa =cosédsing » (2-29)
H#2-2638 r2-2758 % > 2-2858 7 {7

de =n®cos’® @sin gdgdAd O - (2-30)
AR 2-2650 e s T

% =ncos&dé - (2-31)

e pFd 2-2658 7 7

2
cosé?z'\/l—sinzezwfl—# , (2-32)

#-2-3158 4r2-32;5% % > 2-3058 7 {7

2
de = rwfl— E 5 singdgdAds - (2-33)

#2-33 T AR PE KRG AR A > T F

dg(s) j j; F1/1— _ singd A - (2-34)

EAP RS 0 T

4| cosa

Prin =SIN (2-35)
SZ
- n’r?
e =1-sin| 22| (2-36)
s
1- n2r2

v @
de(s) 2nsina s’

ds r - n’r?sin? aA (2-37)

a

nrsing>]s|
2 %R % - Lambertian % % E‘Ja=% D AT ] 2378 $#7

;P‘m%/)gll‘:&;‘l'.ﬂ. 5 iﬂt,j

dilis) A2t FoR S RS s A o T F Rk R
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etendue
FdPE o FRRL - BRE > JATELF APTES 0

-2 - - -
m:47ansinoz[\lls —scos™ s] fos<l > (2-38)

ds
H LEJi_O
Hrfrs nRsin «

FrRRiw  HLETIR T H

% = 47°nRsin a(1- ;,) fo l; <1 > (2-39)
strps= .
nRsin o

FhRRhiiLk  HLXELZR EREH 7

2 ~
@z%ﬂH sinaV1-s fos<l > (2-40)
S
N

Hrpls= D
nRsin «

o

de(s)
1 e
ds -

;8 22skewnessz [ criff 2 B o 4o B]2-13%77m 0 BT B T E D Z Y AT g A

wE S fj.%{etendueifp %[11][12] -

d Fode o kanig & v ] % 2-3858 8 2-395% 2 2-405% > v F

25 F
— cylinder R=0.25, H=4
20
151 sphere R=0.5
(2]
o
B disk R=1

1 1 I 1 n 1 " 1
-1.0 -0.5 0.0 0.5 10
skewness s

B2-137 425\ %ﬁ?skewnessi B erfd % B

EF AL 85 548 (Radiometry) 4 B k35 - Lok kR detendue -
LRk 5 — B Lambertiank ik > F 4 : R 0E & B 1180 -
Bl
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E= ﬂ dAcos O (2-41)

HedAT - BTG &k @aﬁ—g—T PG B RIR S - Lxhenak o 3

g BT e %7 L A dAcos » FI AP IE R E BN o
dF2-14 APT UEI AT Bk R RERHERE dAW :
% rj-fu{;ue\ i R 3% 40 etenduec g 3
(1+cosd)
E=||dA——=dQ > 2-42
I 5 (2-42)
HdQ =27zsin&do -
cosO
0
r
r
F2-14% & B bl T > RBER L 1 % fgz;.&an—(l“zzose) 2
):’Li—([‘/‘
E :HdAwdQ
2
:M(Isirm9+jsir&coéd9)
0, l ﬁ 0, £
=7ZA(—CO§91—|-ESI 0\s) 6,=0
1 .
=7zA(1—co§+Es iho) (2-43)

L g eLambertian= ik > 2 #F4cd A 50 T|180& » #7112-4358 ff A B & KL
27A ©

ez 5 Lambertian sk /& 4 2 [{] 3k Lambertian sk /& 2 414 Lambertian sk /&
KAp Tt ¥ A NP E RS APTRFR o F AP m%/ﬁr?{rﬂ{
Lambertiansk Japs > £F + 25 W ke & v R E TR LG M oo~ 7&{@

EwmA L d A Rskakh 7 F U )*I&{d A AN R R IR T VANV
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T E S S TG ik T 0 Flivetenduesnit s JRETF R %

2-3.3 Etendue 3 2 %, %

W om I etendue shE A kMR R hipdREH A B ok RY
etendue #7H £ - B Rk o FH > v R A hE - BRF kAP KRR K
Sm Af 2 A% SuergF k3t T rL4(Limiting aperture) ek f e Al o d i £
ﬂ’}:mﬁﬂw\—ﬁ - e iR > EFoh e a2 > H oetendue £ 3N (S 2 e
BRI ARG R G RN Bk o - RGN B
b4k & £ chetendue F & 3tk Sieetendue » B% 2 g 7 RAREEAR A

B3 % bvenae £ 3 YTHE4S 0 L2 & etendue-limited 5 & 2 > F R R A e
etendue - *¢ & stcietendue » RIAT R SRR LA B f A AT R B R
¥k B o 4o 2-15 AroT o

. /\

(a) (b)
B12-15 (a) & /& etendue + 3t % ueetendue ;

(b) k& eretenduer] %k kteretendue

A

K@ - SN2 T 0 d - e F AR AL £ B hTE S
FlitH etendue E R ¢ A AAeI@ Bk RT £ 5 0 ¥ £ i % ) o B
cRCBIE A A R IS o AR A A i iop E o

32 g o kst &k Refretendue 7 72 4pfe o jekit LCD kR K
oo H kR etendue A% & A% x’gjﬁ;;{;ﬂ-ﬁ A BB KR R
R R RT Fak o WD ST & G ] ah etendue > #712 K R e

etendue 4% -] A%4F o
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2-4 ¥ % % % % 32 (Edge-ray Principle)

AL YO E k ka2 o vh- hp ac Aok B 2 BuRF| P
et o B BHEMITLT L - B G F R T L ikdg o B ERNTE
Fooo- Riie chif g kA N te 2 2 ARA[LT] kike il

R GEPE s FAHREIIRP D G 2% o Tj‘*u{?fu—? %k A sk R
BN ED ARG AL g R TR - BRP e G474
e i it R DR Tk Ransk [ & T kv - % CPC(compound parabolic
concentrator) e g Sk B ¥ (T i+ > 40T B 2-16 ©

é_.

source \

Bl 2-16CPC # =3 (F R

CPC 8k ZBH - BhniAiend KA 5d - B35 chd EF - B
SRR EO S0 SRR A ESE NS S L r E s £
Wi el S BER S AT A A oB2-16F Rtm 0 v ek p KR @
K0 & ik R (Aom M Tw ) Bk F S FI0 8 o F 85 100% 0 78 A-i3 i CPC
R BT U E A AR BRI R TP ARG L oo

BEEERAET LE Lo [oRiR VN RIL > boT § 2-17 7 0 5 BT
AR ] - BEUG b BRI B0 e h NSk p
THa o BIRlAE ] T TS - B R A8 B S ApREapEd 0 1
A ARG AR AR Y > FlAAZRY ok PR E T R EYE BB
B i BURPA £ L 0 LU IREER SBR[ BT R it R R §

A=)

Y

wer/RZE r RABLEd fEPSPET Fr/R=sin00 £ e
BkenL &> Jod APERLG s FZ B IV g s B £
ORI E R LN K e Rk F]S 21/ sin’0 G LT R AR 3% L (the
law of concentration)[10] -
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Sun

Bl 2-17 3 Sh e & 1 %225k F] 5

Fatend R MiE eI - B2t ks A Booay
BT g o E'Jﬂi%ﬁﬂfﬁ‘ﬂfiﬁﬁ"ﬁ 1/sinf@ ¢ 7 » — ek B R 3H Y L A k
oot AMAR P IR ZREH - AT R ARG TS p - L3 kgh
AT S 2D G 0 TR 1/ sin0inA )k F) S FfcF ® e 0 Je kil
R ¥R & LRy B ¥ 32 (Femat’s principle) > i kM T IL A € R F o

BB RILA AP - BAGRE A 3 H P i M %o §12-18(a)P
I P gkensk 42 (optical path) & #hBovl— B s S5 » e afrh - A7 R
Tl aR(strings) b e o - B 2 ok F 4o R]2-18(D) 0 A W o E - ghR A g
Ko @ BRI R TR RRRK S P AR 0 d Pa Azds i Ak fe
Ewmvi- AR TP Y § e

Imaging Optics Nonimaging Optics:
N b)
J;{_) dl = constant [Fermat 1601-1665], where L p— )
P ray . I g
a) n = index of refraction ‘u dl = constant
»//( ] I = path length JP siring
- [ P

P } P

Bl 2-18(a) = ok F (D)L= ok F 2 § 85 LT L F

TR R R S 5 5 28 o AP E w I b it CPC Bk Bepina o
T BRE e F Rk R BB kA Sl & dU e ) 2-19 &
- B = fmeny A3 (string method) @ BK BB 4 Stiv = £ B £ BId R
T & endy Ak 47 8 3B %’f & % i AC+tAB’=A'B+ BB’ » * AC=AA’X
sin@ > ¥ AB’=A’B > ¥ {8 ;4 (2-44) -

AA'xsin 0 = BB' (2-44)
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Edge ray Wave front W /\

reflector profile

] 2-19 £ & 573 (string method)

b (248) 0 Bfcit B BB A R~ F Sk RAA ] — AR TS L

SinG » T ILE R Gk B e I REIT 0 T A Y Rk B kil i )
Yok BN R R 4 FHP O BB R TILeh T el o Al B AZ T o0 Bk
kB AeR2-200 2 e gt S E > BB G EMA kL &y o Pk
R~ B4R Oi> PR v &2 00 B i3 &7 58(2-45) > 4opt k37 £ gk
MEURE - T AL R SERNAE Rk £ 30 M AR
QiR > 5 F S kR el AT F B (oA AT ) 0 F O FET Y o 4 A
o i R TG h g S

2y =(12)-6, (2-45)

L

[

F12-2018 s 8 & B 1 i+ R

PR BRHRAF I APEREL - BF R PRP AR £ kR
RRF RGN o eRg A - B oAk BRI AR
HgenT oo v A gzt ok B gkt LA b AN
e B BEE AR RF o R G MRRIDT RFH IR FHD
ESa B RS-

B
3 =

5o chAe

=
ik

I3

Y
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$ZR I FHABP ELEL R

3-1 =3 indz
BTG BACE LR R R BT L IRAR A & A S A B A

1 &P BRI L4 00 BASRREIR PR RS T EpM G * o
E S i S %%@I%ﬂ CERE AT RRE T
V=t EEVARIE § R

2. %§ %ﬁ“ié%%ﬁ

5‘?1”%]1*’ BaeFLmzt - 2 v LERmA S S

[ TEEssmwmEEzaE |
| wemmmsswy
L J
AEERE

h J
R ST LG —

L i
L=t 2
l oK
EEE NS
IEEESRS A
v
EffsgE

B 3-1 &7 inAz

\\?{r
GF

3-2 wi-Afiop

PR RE BRP 2 BT A SRR KEEE S BB (s )= 0
R Tk S B R AT
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B

J <— z %Recewer_delector
— . ETEE

receiver
800 x 800

1000 mm (mm x mm)

B 3-2 kim- k5 L5 B = FHEE2 W

Ko BB kL Ffag adm IR R A A w5
N *ik
i+ LED samsung2016 > & (§iE - X B F Xt LED 3 T g e ik
/& 1000mA L 327 12 & 4 222.67 lumen > fiesk & 4 5 Lambertian » # »
s E % 400~700 nm ¥ Lk o 4[] 3-3 #1oF o

| Cooddinaes |  Emitnce | AimSphere Data
| Ray Trace I Spectral Region | fpectral Region Chart

Spectral data defined by the rav data file

Relative Power
[=]
o
o

0.01
o - T T T
400 500 600 700
‘Wavelength(nm}) -
@ RayDataSource_43 == i:%‘%
Tobl Colected Fowes = 22267 lm —— -0
Spectral data is weighted photometrically. Mmﬂ?ﬁ:ﬁ;#ﬁﬂp - — fEE

] 3-3 LED Samsung2016 & & frfe sk & &R

A0 A z=bmm e z=1000mm e d x ¥ Eejom BLPIEF- o R R B 0

@ 5| e % 4o 3-4 477 0 z=5mm § Blenk A ) A - BEADFA G o
z=1000mm sk pr 4 o) 4 EFEAL D £t bt o EipE - BHAERR
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i o e b e | L o L )
-3 4 0 4 3
X AH

(a)iT PR A& B (b):z 3-Pe & B
B 3-4 LED P& & B+ $iz(a)iT ¥ z=5 mm(b)i& 3# Z=1000mm

A EF S NPRLED hF A & AT o

& 400~700 nm
FWHM(: & &) 120°
LED chip =+ - 1*1 mm?

kil g~ ) 222.67 lumen
dRFERE ST 5000K~7000K
& A i 1887502 ix
R R AHAL AL

% 3-1 LED i & kFF|

() %5 s
PEHAER Y R E R o SR - BE S 7 B AcR] 3-5 R
36 chip Bl 1 ¢ LB BMNN LG a2 P EASNER fok s
B - REEIBRE LY FEARTH X kG - A LR a

=-424 B 0 5 - REHEchRAR A LR g iR T
MERE R ETT o
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<4.8 <3.5m
m a > -4.5%
R >24 mm

Bl 3-5 4L L AT Rk F KAy B2 RIARE

< 4.8 mm

UDE:XE
Yo 3-2 #1oF dRTm enie B Hi A pe LED 1000 mm s 2 > w5
7% kR c LED SiE R g s kR R LW e ) Bk
2] & AiEZk 2 % 800 * 800 mm? thi > A% o

ﬂfr’“z;,“t%"w*ﬂﬁﬂ— bop el 3-3 &% 5 gt L op K i P 4 gk

v ZEEFE AR S > AP LIRS R T L A A P R E R e
AL S BATA R B FHE<IO B 0 B E 2 F>T5%
PEEHRL R S B AT AR B FHAE<I5 B 0 B L 2 S >60%
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3-3 HAFTFRAL

BAFRPELT LY RS- BB AE > 81 S HRE S
l,l—rg‘f’)-—-]_f:b‘;:/z‘l-:)\io
(D)Fp > v K- 5%E D "F*{ e PET] o
QFHE > 7d RERFHEMATREIE > NI A e R FA
o FPH NMEEIP R B

Q)81+ R B IS F i B - 8 ges e 3o L B FIHE I AL -
Ao 147 B8 - Bag R HAE 5 3720 R H %T#ﬁi::}?i °

i

gt v Tiash  RAFEP Y AF LR T L RETER R IR
By e AEMAEE R E R T - PP sk Bkt hahtes Ak £
FERALFOXGEF o FIEASGRFFRFLE kG oGl L
%Ju’sm* ﬁél}’aﬂm’«krpﬂﬁ—m Fiag s, A F R kA - R F T (5@
e A e o BEY st i 5af di(collimating lens)... & 0§ Re & K
rzw%i*mﬁ@ Pk B e A et i u(relay lens) - i85 1 & 2 Rk
R ehifdk a3 Rk R MG ) o p LR Pk STl P R
o npERT TBET 3 K390 R0 RS B AANS P g RE > BE L
BB U A Ok B ouan e MU O Aot A BB IR e

3-3.1 sk & {3 M LightTools# &][14]

Creating a Catadioptric Lens for
Collimating an LED in LightTools

[l 3-7 LightTools 4 & Creating a Catadioptric Lens

4c] 37> %4 LightTools # &) » &~ BA7F S8 B aben ] 540k § 2 B eh
poEE, L2k 2t % Lambertian LED kR B3 B 5.65 cds & ke FWHM=120
B oo B 4aE it e 2 10mm s B4R E B 7Tmm o 4o B 3-8 o
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Objective

+ Create a catadioptric secondary optic for an LED

— LumiLED’s Luxeon Rebel LED LXML-PRO1
* Flux =525 mW
+ Center Wavelength = 450nm (24nm FWHM)

» Objective of the optic is to collimate the output
light
— Minimize beam angular FWHM
— Maximize peak intensity

« Optic should fit directly over the top of the LED

— Dimensions: 7mm tall x 10mm diameter

© Synopsys 2011

SYNoPSys'

] 3-8 LightTools # ] Catadioptric Lens 7

K Ts R Sk RS R 0 F REHERT B R R AL B B
B Bl F e > 3 & & RAI* 7507 UEE o 5 L RIF 2 F S
BE o bW 3-90 VRS - BaphaE 2 - AR A 0 % kB R R
LightTools #2 =1k 58 NSRay 2] %7 » NSRay 2% i 2% 25 — B EERARE I ani )k

) ﬂ,L }TI ,lc‘%ﬂm"s ‘?’ ) Jc,ﬁjg(9 .'v‘J/ : ﬁ-_‘%'[s—j l/E] d gﬁv o 3\ I]au'fqu+ NSRay

VR F IR RG T By T - 2 e i I - L d Ak ARk AR P
%ﬁﬁ“ilﬁ AL FETLGF ot 2 EA BERGDNSRray iR 0 Vg L

A At BARER LS *%ﬁémﬁﬁ—ﬁmﬁﬁﬁ4ﬁ 4
NSRay 735 » 7 5 8¢ [ & B 5 ¢ 575k Menk Ul LG WAL - 0L

LiEee g

&

Xy
h
it
-
=

»JENSRay 7 ¢ 14 284 & R Rjcend 2 50 0 % i

piu

L o

b

=
P

] 3-9 Catadioptric Lens 3% 3+ iF 4%
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BEFORYBLES > FREETY FIEL RO ER LI RLfrEd ks
% Merit function - Global M(# 2 ) > 4r /) 3-10 > &7 {7 > K sLigit B 0] - B3
Bk W14 B > 3 F B iE 78.16% ) BATE R B > 4oB] 3-11 -

[ Optimization Manager

| &-(3 Variables

--X Bezier WX

- X Bezier Relative UX
... X Bezier VX

----- X FirstX

-- ¥ (SignedCurvature)
- ¥ (Conic Constant)
-3 (Conic Constant_1)
-- ¥ (SignedCurvature_1)
..... ¥ (ZRelative)

-3 Constraints

=-{8 Merit Function

@£ (TIR_Collimate)
@£ (Direct_Collimate)

[ 4§\, Collimate |

i 3-10 Catadioptrib Lené Optimization

Iy jod}

™. A .I i
13 | |

||

0 &7 |. .|

|1

“ | |

= M1

Peak Intensity: 172.62¢cd |+
FWHM: 14°

P T Ll

] 3-11 Catadioptric Lens 3% 3+ %
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3-32 #AFFp 4 & & LED Bk F ek 34[15]

Design of freeform LED concentrator for micro-projector

ZHAQ Xing, WU Hon

SONG Li-peis FANG Zhi-liang

Clustitute of Moders Optics Key L
Mini

1 3 =

LED JLAT 8L S BE AL A7 fir 1 2L B B 6

BeH BHA :2010-03-09; HEST BB+ 2010-04-05,

B 3-12 e 948 p d & & LED Bk Bk 3t

pl3k 3t A p sk & % 1 47 (Optics and Precision and Engineering) # 7] % 18
5% 100 AP d 4 & LED Bk Bakb 2 2 % o 4of] 3-12 7 o
=% B LED el @8 Ja?5l€fﬁﬂf:§c$fr.§é—f§?f;‘%'tt%ﬁi“ ipdd @ LED
SHfrl TRIL > KT AT {cR Hpd & 5 o0 LED B L F - &
LGRS Ao B S A G R o A B ROk BATE{oF B B p
dod d A E RGP B PR REE SRR TN A Ay
B cha 25500 - P BERBEMOE TR AF Y fa (PMMA) - 3754
F 5 149  LED # sk f # £ #4745 180" 7 % 52 1 mm x]lmm 9 s
FA o RB B Efok A FAE IR R R I bk o vy
Flpd WG LED BEBx 2% > B 3147 - BELERZA L 42mm >
PR 2LEmme KPR AREER G E A AP A FRE BN H o
ek A H X LED £khhi £ 0 TR A FEcAEFI A1 27 > H ka2 B
F3T7 19 o 4cB) 3-13,14 #157 o

5

&
38
“J\Y:

312:

Plated reflective
material

B13-13 AcA B4 p ¢ ¢ & LED Rk E
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1 200

/ — — - Menidian surface

1 000F
2 Sagittal surface
= BO0-
z
E 600
P
g 400F
= 200F

0 1 i 1 i L

0 5 10 15 20 25 30 35 40

Divergence angle/(™ )

W 3-14 McAlRB4e i o W 5 LED R B35 i
3-3.3 ¢ & LED 2. - F#gr - pf sk 8 3% 34[16]

0% Rk BT Y AL -9 K LED 2 - fA8r - pF R R
PR F T LRYREFHLED RN I0ARTIREE BT A
EEER: T S 1P sl S ;{?ﬂﬁ @ L - Ak A g i fresnel-like i 4%
(fresnel-like lens) » 3 % % Hik daledie » 4ol 3-15 » 12 R-10 TIR lens -z -

Tmport of I5E5 f1le Dr\asaPswrce compare’ ZTTRL. ige 20.4£2, 30460

N

4

L . _
-13. 429,460 1

B 3-15R-10 TIR (% & #)
R-10 TIR lens »z % % 434+ » ;{%—‘F*{AH%@ =

1 kiR — A ar k6 w2 F 5
2. RRESErBEF BZE PGB/ HEN kS

HFARF S KA S BEAEL > Bk T o

[
3
F_*-
i

f
=1

fRA2 5N
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Bl 3-16 R10-TIR (a) & 4 & 5 & (D)4c b & 54 & 13

AvE P g A 0 B KR ABEY BEPR T G Feff 0 BEER
- FEHolk o 4oB 3-17 0 # ¢ A kG end A w5 28.33mm e 28.75mm -

Tnport. of TEE3 File D 0L352Famucee rongsceldTTRL igs $0986,49 141

B 3-17 R10-TIR % 4 (i 1 1)

RIO-TIR B4tk )2 H4c & 300 & & Ko o] 3-18 4k 10 & 2+ > %
85% o

TOTAL FLE : 7,38

B 3-18 R10-TIR & 3% & B2 BB & B
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Frd  CPEFRLARP F2RPOE

4-1 1 Fick BP B2 3R

-S..:\P.

4-1.1 P FR3Hinde

=

| SRR R |

¥
T

B | mMEREERsIEE |

¥

No
‘ —
l Yes

S
Bl 4-1 L5 K M hinde

WP FATARP F 0 AR A E kT 5 CodeV {r LightTools =
iwer s Ajc LED /) & B ke prd 57 % CodeV enifit 2 > & Aifc
LED = & & kpra2 F S ER 4 7 * LightTools %3+ < #& * CodeV {r
LightTools & 3+ % %z & PR F B enfl B jn a2 > 4o 4-1 0 F L GK-Rft 2ip
TR R AR R R A T AR S 7T ERE R R E T S
R RS Y Jﬁﬁ’*ﬂvmg,Lbegﬁﬁmm S AR SRR S
,yi(fresnel FFA) et w NSRayg,PLgl,;g ECW G ol Sk LRk SE el

Dl AR R Bd G FEHE S ARSIk REE T (T
fgﬂﬁ,’%ﬁ C ¥R G W FR R PUFNIE R > T PR Sl BaHARS

pE B EE Aok kit F AT BP E iy (Performance) 7 { 4% >
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HART R B AR RART AERE UHER > LR £
f‘? ,fi%.l}b%fg‘]‘lﬁo

4-1.2 %k ik

LED Samsung2016 A 7 4% & s 4 sk Rk 5 — B3k o % R4cF] 4-2 -
LightTools % 3* R k4B » kR &0 o S 6 RB AT K3 h3
B ek FEE LRI LR €52 FHMA4cW 43> ¢ B LT HHE
R F AP D R kR o B ARG kRERE S G KR RS
kRfod R g B o

B] 4-2 Samsung 2016 & 4> Rk %

Bl 4-3 kiR & B 2+
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Flob 20 JF R R Gk 0 (L 3 s R R KRG gl A A
ABR R RERB YR BRER 44 AP T PRS- BRE S
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