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Directional Side-lit Configuration via SMS Method
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ABSTRACT

Recently, green technologies have been taken as an important issue for the
sustainable development due to environmental consciousness. In general, to fit the
requirements of Eco-Display in terms of backlight modules, we use the LED as the
source of backlight and modulate the viewing angles to increase the efficiency of
outgoing rays from backlight. Conventional viewing angle modulation can be
achieved by two ways, including a dual light source system and a dual liquid crystal
layers design. But multiple optical structures make them face some problems about

energy saving.

In this study, we take advantage of conventional side-it configuration, which
enables viewing angle modulation by the design of simultaneous multiple surface
lens and a light guide plate. The proposed mechanism would confine the viewing

angles of backlight module to get the purpose of directional backlight.
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B AR T 2R SRR £ 1 0 4ot 3 (2.5)

4
o,T

T

L*= (2.5)

#¢ g, =5670*10°(W/m*K*) 2 E % ¥ ¢hBoltzmann ¥ #ic> T(K) 5 2 4845 55

4
ll -W % P v pa - 2, 2 EI _rx- t' * T
l‘; A:j /-‘Y-)'i :/J‘\: ]é ’:E’»ilj /;(‘ gi‘:';“ ‘;@“‘jﬁi ,;‘E ~§L‘U i J< %‘“%E;é‘b B g % [ L
T

Pk B RT B - R FN A E- B FERIATIAA kg o s
WG hAHBRE AR o WL =L, Ll A 84T dAfrdA 6 b g A
Bopteb s B nErkiE §0 2 FRL TR R AT RPN ET 44 B
Kz ¥ 4o 3 (2.6)47F

do = LdU,, = L,du,, (2.6)

FAREN S P dUy =dU,, 0 B dUg, A T gk sd dA BRI dA BE 0 E

o dAPTBLZ T e & > 4o B 2-5 [6] 47T o
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B 2-5 ks dA 71 dA, 5% %2 7 & RI[6]

BN, 5 @EA ot filic 0,400,4 % 5 dAfrdA, 6 F iz e B 219 R

Brendodk o> &l = $EOEE > AU, B L N3 (2.7)

dA, cos 6, cos o,

dU,, =ndA, cos 6,dQ,, =n,*dA, cos ), (2.7)

U Bl % & % atd dA, @353 dAFF > 1645 dA, “FBL R 5] ch7 B8 > 4olF] 2-6 [6]

dU,, 7 7 8 2 X 3 (2.8) -

dA, cosé,

r2

dU,, =n’dA, cos6,dQ,, = n,*dA, cos ¥, (2.8)

AT N R BER - Bk RN B AR T E S H R REE o
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2.2 Hermite interpolation [8]
L ficiE A 4707 2 P > Hermite interpolation ¥~ & p 3% F L 8hen § 38 58 2
% 0 2 29T A 4 dhHermite % 3% 8o Newton % 38 58 % {%’ﬁé TE AR

Z 4 KB1® > % i > ¥ Newton 5 78 ;N 7 b 2 B3 Hermite 5 78 ;8 & Jf o PF 18

TR B E ez B - Y pe s B » ﬁ*i@ws’zw%lif’ Bt gk
X, (=01, 0" EPEY,((=0,1,.0 FFs &0 H k- [Fs E
=y, ({=0L..n) & > 4ot 4 ¥ Tl A e iF E RERERS 5 20+l D

Hermite interpolation % 78 3¢ o

e F(2.9)40 T 0 F e - BT AR (G, Vo) (X Vi) (o0 Yy) 0 M B R TR

B R 1B (%, 20) (%, 2, (%, 20) ¢
P,.(x)=y, » P, . (x)=z - i=012.n (2.9)
# 7 B, ,(X) 5 Hermite interpolation % 78 ;% » % & 5 ;% (2.10):
Py (X) = kZ:‘[Hk(x)yk +K,(X)z,] (2.10)

e3P H (X) fe K (X) & 5] G

H, (%) =[L ()T @-2L" (X )(X=%,)) (2.11)

Ki () =[L 0T (x =) (2.12)

He L (X) % Lagrange polynomial > % & & :
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de:fjj_‘ (2.13)
i=0 AN —

i
i=k

AT LTINS T A SURTEEY - R £ - @ Hermite

interpolation % 38 ;% e jx > &

5
&

bt BT RELE R FRELG L 2 B

Fh e G

23 F# % ¢ & (Simultaneous Multiple Surface)
B 5 B AR AL 5 Minano-Benitez 3K 3472 » # - fa 2L b m sk H 3K

22 - 454 d Minano {v Benitez *+ 1990 # 4= #rg B Il k- 2 - &

>1

=
=1
0%

%0 2 3] 1999 £ Benitez  Big R R 2 MR LE T Z A B

do

R R L S IR R P S L R R AR Ul e A S

g E o B AEd At g Sl Jo st el Sk AR B AR Y g 8 Rk
¢’4${ﬁ$%ﬁﬁma N $pF > Bl 8 XS FE XTI ONBY &

1P SN $k T g R

Foh 5 o2 el AR AR G fd — BUE Cartesian oval dh- At B
e TBRfRERH S G E > g AR A Cartesianoval c AT I K G
BokRF g EE- e A2 E RSP RA NP RRA T {TIRE
ﬁ’f? Fermat RITLenif it > gry RARS A2 (8 » R o T8> » ol [T Wik
FlE o L g o AAE- 0 RN G oenfR o T RRL T AT ARS (S

L P EAT > 4G enfE T 5 Cartesian oval o

BEE R G B o 4o B 2-7 [6]#7F 0 3V 3 (2.14) % ¢ 4o 0 AP F 02 - Cartesian

oval } ﬁﬂig‘h?’w— ~EeEP XLT o

(e

16



8] 2-7 EL¥ 2L Cartesian oval[6]

P=E+u (2.14)

B9 ELZkihene3iw® Vi KEEFBP SE =w 8 > 4oF 2-7[6]9F7 > ¥

BV B Fv=(cosO,sing) > @ LRI G A K AUER BFR T ACLRE NE P

B OR“TARE 2 AR kAR S

der =/(R—P)e(R—P) (2.15)

S =t+ny(E+wt—R)e(E +Wt—R) (2.16)

H ¢ d,, % Cartesianoval F| p #& R ePEESL N 5 /4 F ¢ cdf s tadio s P R 42 S
7% 57 54(2.16)¢ T - As#t(@) 0 H Y 05 p KB & fFNNF(2.16) 7 ot
Z2_18 > W (R EE Y Cartesian oval IS B P o pt- kL TR AT G

AT & ko 4o 2-8(a) [6]#77 0 2 3 - kRl v ow, Bl P AT w,

g8 oo 4o 2-8(b) [6]F 7T ©
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Qe

B] 2-8 (a)BL¥f/& = &9 Cartesian oval[6] (b):4 = ¥ ¢ Cartesian oval[6]

e 2 fp e A3t Cartesianoval #78 J kenfd v 3 HH - LR KR I F
e1s F] L Cartesianoval p— FFRF R+ - BRRad it » v E AR5 F T
Fo4e LEDM ¥ R X735 Mk RA L A G KiRa b £l - KR AT
IEH B kR R ITRERS G RIRE F RO A3 R F T
S AT - B i@ % Cartesian oval BF 0 3R g de b — 0 g (3K e 1
e i H - RRHRIEER R RDE oA B2 prag FH IS 2T TR
SR AU R P E: zle’/i.ﬁu{ﬂ}w kiRt B RS Sl RaE 2 AR b

Y TR TS ST T VATE S ST S A ARY

@ Cartesianoval 345 =3 3\ > ks REY AR A Sd G2+ > R EFH
S0 G 2 ek 3R AR e Cartesianoval 4p it 0 B X 1% B AR 4 G iE

e P
TR A B(F)U AT AE - PELRR R F kg 0 B B R

WA RRE A0 E, A B @R BR o R, B 0 4o ) 2-9 [6] 95T
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Ty

b

Bl 2-9 EL4tEL:ISMS 7 7 B[6]
POE R LR - A heBE P ok enE ik v B 0, 0 f 7 #-E, TR sk k om A

;3 (2.17) >

S=[E,,R1+n[R, R]+[P, R] (2.17)

He chd B A T3S v 82 FapeEd - a AP v UER,ANT P B ek
frﬁtﬁl’frﬂ“\ Cartesianoval 13— 5 > R & 8 F ¢ chksoe £ P LA 247

~ AAefict T o Aot 3 (2.18) 477

S—[E,, B]=nt+4/(R+Vt—R)e (P, +Vt—R)) (2.18)

He %P PP egEdg  niAFe adssttalic VRGP PPl e £ &%

TRl A Bt kR F P e B2 Bl e B o @2 5

ETTRN

5 e 3l b

$HEnF R 0 E FIR, chR ARk R T OB S5 (219)
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S=[R,,R]+n[P,P,]+[P,,E] (2.19)

2001

L R AP, 0 AT AR AP, P~ B - 2 5P, B0 4ol 2-10 [6]

E; \ E,

R,

B 2-10 B:4F B SMS 3 5 42 [6]
B AP phEAL f i s fe Pk phiE - BT EEQ 0 1A PEQ Y €8

&_Cartesian oval #17§ » 4 {441 * Hermite interpolation % Q, f¢ P, B} 4& » — % 3%

—

o PN TEAF AP AQ frP FFETER G c B AN G FEE R KEp

s -,

W R P EOK - =t =t Cartesianoval 53+ 5 » F {3

F@F R FIP, B3

| P, 2 B end & > 4o 2-11(a) [6] 3 8] 2-11(b) [6] 5%

(a) E E2 (b) &

Bl 2-11SMS & & 5% i 42[6]
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B f3 41 BEHL R LM B 0 S BRI S ]k e T — R [T L] - R

N

SRR EH K p3r BT Bt AL P RA T L F g o bR £

Etendue = fE ek 2- 2 2 » R L SisnF g iTh S ol iEl

BB W gozantygnfed NPT B IRP] Ad Sk a2 P4 L ek 2

F_*

TR F A EBRR P, PP, o AN EBP IR, R ko

n+2
T & e pF % & % =0 Cartesian oval &2+ % » &4 1-* RGN RS - s s N E B

RAPT AN B G Pl pF o 2 8T N R D 2 484 g 2]

2.4 3f £\ ¥ ¥ @ Tk B (Compound Parabolic Concentrator)

e o ek Bak - R AT P R P KRR § AT
RPN kA § AR Rk - - @ick BeHE A L [AB] o 4@ 2-12(a) [6]
oo E R 20 & BN kAR LEEE L - F SA G [B,D]4[AC]
B -0 &R LRI D, A 40 & B NERC BS 0 § AU F ST ABLE

Bt >

(a) (b)

<

c; D,
B
A B

B 2-12 CPC & 44 5 = % jm42[6]

BRET "4k 2 p 7 - £[C,C ,147[D,,D,,,] > - # 2-12(b) [6]
03 FIC AT -0 & T (3 LMD, BT +0 & T (7RMPERRE L E
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-

™

Yoo 4 G G b iz - Bt A S BB RS ST AR L

» 4] 2-13 (617 i H @IS MR P AR B a2

o ok B

Porh s AT OLFRIEHRER D MY G 0 ARG = B F AL G %

o3| 20 & B P kA § £ RAGE O PFR| 7 € BT R B 4ol 2-14 [6]475T

Bl 2-14 CPC » k% 2 7 7, B[6]

B 2-16 CPC L % {7 &7 3, B][6]

Bl 2-15 CPC & fr 47 &, WI[6]

22



h_a1/2+a2/2_ 1+sin@

= 2.20
tangd tan@ al2tan6? ( )

Ho g fra, b GV B 83 (2.21) 4o @) 2-16 [6] 97 - £41* T 74 % [C,E]
o BD¥ed 6 g F SED B A

[C,B]+a, =[E,D]+[D, A]<a, =a,sin@ (2.21)

Bt I o 250(2.21) A Pe TR SRR N A8 7 % £ (etendue)
?Eﬁﬁﬁ’4${€ﬁﬁﬁ4§ﬁﬁﬂ’ﬂ4ﬁm%f:
I = 2 BRATHN(222) T HRafra, t BRI FELAHB AT

(2.23){\?;\3 +(2.24) »

dU, , =ndacos@dé (2.22)
dU, =1*da *cos6dg (2.23)
dU, =1*da, *cos6,dé), (2.24)

2 R T AN AR R 743 (2.25)Fr 58 =+ (2.26) >

+0

U, =aijcoseldég=2aisin9 (2.25)
-0
+7l2

U, =4, f cos6,d6, = 2a, (2.26)
-l2

1% afra, hb it a, =asing - ¥ @IIU, =U, dRgp |
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2.5RR‘RX‘XR‘XX‘RXI5E§,:'*.,31‘L
Gl 50 G a2 > BRI NS FABELT A Rb Lo AR

)

JFRR RX~XR~XX~RXI I =~ #g» f|*
1A R PRI L K E T G ok S T B AR kG KR

=R N RS S

L R Sehd L3R B R FARRfr R A RAA LY FF T ROATR

LI cbg - o FEXAEA-F AR 0@ |§]J?\'I"]D}§l§

F

=N
\m

F-E‘/TmIFL?\ L] NP e S S S LU= S E!'El,";{;
KB g LiSERE > fEARX LT X ,bm,lcﬁ,zg

A G o 4ol 2-17 [6]#75 0 kR gk w W fow, L {8 G- 3T e e- K B A

5w T ea [R,R]

Refractive
surface

Bl 2-17RX £ & % %57 2 B[6]

peagde o RXIE ALGWHERXEE KRS E Y B 2F /i g 0 4o 2-18 [6]
om0 12k Rk R W W, BR S B0 ek ERA W € &P~ Qe S, B 4
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B 2-18 RXI & § i ¥iom F BI[6]
N T E R H h
XR~ XX £ § sy ZApfe chd &2 5% 0 @ gl & & v A7
—ﬂ. i*; RR M M SN WU
/ T 39 AN 3 » {1 e AR 4o
i val 3% s I RX R E KA E B kAR A T N Aot 3 (2.27) 0 fRe
Cartesian o A ) i

) 2-19 [6] 7 >

S =W,,R1+n[P, R1+n[R,R] (2.27)

TN T IR AN T (2.28)

S—[W,, By]=nt+ny(R +Vt—R)s (P, +Vt—R,) (2.28)

Wi

Py Py Py
Ry—|
~— R,
Rl
Py Q Py

ny

B 2-19 RX % 5.1 SMS Ff i 42[6]

25



PP EEKAHAE nEPEhE 2R o vAIEAT P DR Bl

ig
~0|
—h
i

R T T IR R 3 A vt ch Cartesian oval » ZR (S t e Ry
GEEe RN o BFIAREFEE NP P LR Fl o AT g RS

[P

WRR R H KA RFREAN T - o R L RS AP, (N5 )R 6

_—

%

9
Ik

it €4 RR (57 F o @Bl & LR OEE ARG BT AP TR SR

N

A
RS

{

PRI S R N o R SRR ok e i
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AERTI RS S G RN T RY R RREE o AR A ¥ U
Ui e F AP Fﬁ?&&ﬁﬁﬁﬁﬁ%ﬁ%k&%&ﬁﬁwé,g%
BREAR S GEY R REREROREE BT § ASEERETI AL
Podn G fCk B AEL otk B IR BT Y > BB e % F 1k R AR

Lighttools™ Sk 3832 343+ & chik Frld » A 45 30 1L LR SRR SEECR /Y =Y

31 S W G AR
3.2 Lighttools™ ¥4z 5% %

33 Z S KB HEH P

3 F#H 3¢ s w il

AT ST EFILED Mk pFE A RPN o I SMS 7 2R - S
kDS Bk AT g P RE R 0 ST L 0 LED Bk i b e B
E, ~E, Adikkih o £8P AT W WA UK E a0 £ R TGk i
A1 B 5 kAL 9T 2 I SMS B4R il R LED I 0 L SMS 54

NRFLRE T L0 kRPN 0 T L RAoR 3-1

X
y<—i W
z B

Lens

W

B 3-1SMS 402 % 512 7 3 B
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pheh e S0 R RFSMS B ALS R R T ik o AR L RIE SMS 3
TR R LA 0 3 E A BB AR e B KA B B e a2
ST o ot - KA RIS A B R eniE 2 RS AR RS AL T

gEE

F_*

SEFEET T EE N X6 KR RE 5 U, =2(0X,, E]-[X,,E,]) -
29 [Xo, E]-[X0, E}] 5 X, FIE o E, & Beehkifz £ 2a > & k424 2a AR
P> X, BEen= B AT AL S BEEAE ~ E, 3 BRenfEd S0 £ 7 5N 4ot 3 (3.1)

XZ 2
—z—ézl (3.1)

QD

2 2 2 v [Ei{é;] VNN v
HY a"+b°=c" > ci ———EE——— SR AR R [“AO’NO]Eﬁjx REMNS

U,=2[M,,N,Jsin0 > &2 25587 3483 (3.2) 0 7 & Bl4oF 3-2

E]-[X,.E]_ 2a

. - (3.2)
sin@ sin@

U, =U, :D[REE’EJS]ZZ[XO1

Lens
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LU IR I =4 %%ﬂ:’}’mgﬁlwl—N —‘b'er gL T k0% Snell’s

law> 7 fE o & drene £ E X, ~ XNy o B ik 3 % £ 0, 45 31 N, Bfe X, Bt e

e g n fen, 07 % Bl4rEg) 3-3 >

I

E,
@335'\/'5_343%_% p,,.x,m;!c',iéﬁ;?a

R 50 R E, 4R X, B BES  BET AT W, 0 2 F kY A3 (3.3)

drpt - kB kE TR A NT(3.4) 0 7 2 Bl4cR 34

S, =N[Ny, Xo1+ [Ng, W,] = n[Ng, N, 1+ [N, w, ] (3.3)
S =8, +[E,, X,] =[E,, X, ]+ N[Ng, N,]+[N,, ;] (3.4)

Bl 3-4 SMS & &3k 3 i A2 (1)
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BEFV BN (34)FE SN F(3.5):

nt, +(Q, — X, — X,N,t) en, =S—[E,, X,] (3.5)
N, = X, + X,N,t, (3.6)

Ao Q4 pEukiw, @B Bt 4o XN, BIA 5 5 X, I N, pegez ¥

B ST MACREE S T hE R NE7) B AN @IIN, e
g
S—[E,, X,]-(Q, = X;,)en,
L STEXI-@-X)en, 57

n—XyN,en,

FHRen™ 20 % AP EAD WrIIE B o d 30 Rk F ks A

Fl o TR AN T F NI B R T, 4 7 24(3.0) 0 R, 7

FINyehi % > 7 7 Bl4c @] 3-5

ntz +\/(m+ NoNltz _E) '(Wo+ NoNltz _E) =S —['\To,Wl] (3-8)
N, = N, + NNt (3.9)

t (S TN W+ (N ~E) o N1 4(S [N, wDn (N, ~ ) o NN —a(” D[S ~[No,wl)* -, ~E1 (3.10)
2 2(n?-1)
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el

Bl 3-5 SMS 3% &t 3K 3+ in A2 (1)

RN N, 6 0 TF v & BehBhen g for £ 0 2 F 117 Hermite

interpolation 4 %] & X 3N &~ Ny 2IN, 46— 55150 2 503l ¢ Kgp 6
BL o FaF ik RELGS E S TV EFS PS8 6 ) gk 7 2 Bl 4o 3-6(a)ir

&l 3-6(b)

LU LED g $H4L0045 D 45 EL > T B - 2 B SMS S 4RY 5 |

3.2 Lighttools™ #5325k &

3.2.1 & ffk SLip) iR

P REALIEDOSMS JFE IR AR > AR - B B A BRIk SLRA
LRI P R BRERE ~ E i A YL (-05-2)4(05-2) 0 & ik
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i g e A BE(L2)f0(-L2) 0 H ¢ FaIrE GBS 149 7 & B4R 3-7

L,
w2)%

Lens

Bl 3-7 BL4+2ESMS 2 B i %1 F B

I P EHSMS FE AR 0 T - B

i
&
2=t
=N
3
| %
el
9
Il
4
!
I
=
p
9
Il

(0.721,-0.62,0.778,0.627) (0.673,-0.917,0.531,-0.847)
(0.634,-0.549,0.50658,0.86218) (0.575,-0.505,0.617219,0.7867)
(0.446,-0.424,0.4633849,0.88615) (0.295,-0.3508,0.38824,0.921556)
(0.047,-0.28938,0.06918,0.9976) (0.581,-0.95042,0.189745,-0.9818)
(0.514,-0.97367,0.373099,-0.92779) (0.396,-1.01018,0.24369,-0.9698)
(0.245,-1.0496,0.238707,-0.97109) (0.048,-1.07979,0.05279,-0.9986)

(3.11)

#BF DN LTRRE kL ﬂ"fﬁ-r’} » W B ki gl X =05 H
Fodh o 45 FIH LBTEL > ¥ 8 - RE S A 50 SR (S ME A ~ Lighttools™

¢kt E 0 B ray-fan 7 & Bl4cB) 3-8 >

B 3-8 BL¥t+2L ray-fan H-35% B
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P ARe Y =21 FRAE A~ F P4cR] 3-9 “1oT e

Normalized illuminance in Y=2 plane
1.0 4 M
@
Q
c 0.8
©
£ 4
g 06 5 q
3 : :
N 044 : |
® . N
E : :
o 024 . °
p4 . .
0.0 - -
: .
T T 3 T T T T T T T ¥ T T
15 400 05 0.0 0.5 1°0 15

Position of X

B 3-9 = ihd BAEA T H

ZE 2 HmAS rayfan T BN AR A F Bl P o AP F I EER R

E, ~E, mEe B 6rs 0 kenkMS S Mg e A (L2)fr(-L2) shing t oo ke

I A ks Y REEY 6 j%%iﬁ%ﬁﬁ&vﬁ{%ﬁ%ﬁﬁ@@%

G R DB LAY -

3.2.2 Zha % Bipg

BTOAA PR RS RREE TG KR DR AR AT
- LED #1F 54 SMS o 6 sk e g R A BN o ek F A Y R LED # K if
Hehd BE B, o X #0 BEHEDE T W WA B3 B 40 & R 0T G

A% LED 4k kM 2 A SMS S48 0 d T E B LED » X3 SMS W & 1
@&ﬁ@’ﬁ%@ﬁwn\w@@%ﬁﬂ%ﬁ%@@gga ERMN TR

4§ 3-10 »

33



Lens

B 3-10 LED & A& *L41i% 77 & R
BOPES ST S IR ol A AT AP R gtk K sehd &
+ 4 0 R dit o A WG LED kiR o] (Size v S) ~ k- cnid £ & (Total length
of the module > T) ~ £ & ~ 2 iz k & & (Receiving angle » 6,) 1 2 p & m e
% & 7% (Convergence angle » @) » % & $-Bicsor & Bl4o Bl 3-11 #7o5 » 4ot - ki

&

e FRPERE R STt RS Y LB SR B endcE R R A B

4

1

B IO R s e o

Lens

v

RIS A I G LED R & ] A Rk R 0 4 g~ Lambertian %
& F e LED kKo H <0 5 2.3 mm *0.5mm * 0.5mm s P A w endi sk & B X
A p 25 R Hea ek ERRI AT f 50 B 0 M PER-SEE  FESMS FE

AR W I - e de ik #(3.12):
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=(~1.15,0)
E, = (1.15,0)
N, =(20.656,16.5,0.99887,0.0476)

. 3.12
X,=(20.0011,15.84786,-0.49226,-0.8705) 3.12)
n,, = (sin(2.5*/180),cos(2.5* 7 /180))
n,, = (Sin(-2.5* 7 /180), cos(—2.5* 7 /180))

’F'E’Nﬂ]?r'X ma|:r%1§,§ﬁ"wr+l*_ HFiir g s g 0 ¥ %%‘ ik SMS R AR Fopt i

|l

BB PR Snellslaw fr7 S w i it o @ 3 BRI S EE »

G REBBFEACREASMSFE 2 > {VEEIFEN - 28

‘g;
N

=

§ @ enfE o BB % T L BB 3-12 ST o

=1

35.6 mm

] 3-12 SMS 3% 4 7% 5 fi35 B

ST AT AR ke R R E R S 356 24 0 TA

413 = &> H ray-fan o1 & Blek s R A~ F BRI A B 4eB] 3-13(a) 2 B 3-13(b)#7F ©
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Normalized intensity of LED with lens
1.0 |
2
E 0.8
L
06+
o
N
=04F
©
£
Z° 0.2+
0.0 -
6 4 2 0 2 '
Divergence angle (degrees)
8] 3-13(a) SMS % 4¢ ray-fan 7 &, B @) 3-13(b) SMS i & L 54 # @

BACEE 0 ko ehk 55 R 2 F BT LED A 4e 5k § g 4f o Lambertian k34 7 )
(B 3-14) /- v fifs » 7 P BE 91 LED A1 f 50 & P 474 0 ek SR 4% 3
Mfe B DM B 25 BN > EHEE R DB L E A SMS IR E R E Y B % 4 B
A 50 B2tk ek Ak > Tt 2 R 2 2 LED snd kR 2t B A
Moot F I - CPC F BHY X & B ehk AT r BEP 07 & Bl4-Rl 3-15(a)°

e qopt — K P JE 2 E LED & & * /] (Size o S)enif i iz 1 At %3 d CPC F &

TEER N F o IR PE RPN 0 F A 4o 3-15(b) -

1.0 Normalized intensity comparison
simulation data with lens

- simulation data wio lens
=08+
/2]
c
L]
el
£ 06
9
[F]
N
= 04+
£
S
Z 0.2

0.0 - —_

| s | s | s | s | s | | |

-100 -80 -60 -40 -20 0 20 40 60 80 100
Divergence angle (degrees)

Bl 3-14 LED k34 % [
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Lens LED Lens
£,
e
El
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