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Abstract

In this thesis, we changed the LED packaging to improve the light extraction
efficiency and light characteristic of a white light LED module. The optical software
TracePro was used to design the LED module. The radiant flux was optimized by
designed different cups, phosphor applying methods, and lens shapes of LED modules.
Higher radiant intensity was obtained by designing the reflector or the condensing lens
of a LED module.

At first we successfully established the simulation model by TracePro software for
the white light LED using a blue LED chip.with Ce:YAG phosphor. In the study of high
extraction efficiency of a LED module,.the highest radiant flux was obtained by using
remote phosphor on type B cup‘(top diaip__e_ter 4:2 mm, bottom diameter 3.2 mm, depth 1
mm) with a semi-sphere shape lens. Tlhel':;gf_jﬁ?cieincy enhancement was 38% compared
with the conventional LED structure." | | % |

In the study of high radiant intehsity of LED ‘module, higher radiant intensity was
obtained by using the LED module with a designed reflector. The radiant intensity of the
LED module with a designed condensing lens was enhanced by a factor of 6.36
compared with the radiant intensity of a LED module without a reflector, but high light
radiant flux loss was caused (6.33%) at the same time. Another method to get higher
radiant intensity was using the condensing lens. The radiant intensity of the LED
module with a designed condensing lens was enhanced by a factor of 5.27 compared
with the radiant intensity of a LED module without a condensing lens. However, lower
light radiant flux loss caused by the LED module with a condensing lens was lower than
the value got from the LED module with a reflector.

Keywords : LED ~ phosphor ~ packaging - light extraction efficiency
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Bl 2-8 5 B # I LED i 4t ‘”fﬁ%} s fE 8 7 F v 4x 3] (Leadframe) LED #i-
.._‘ft“@ L3S LED 45758 - * 2 R B A HELED & ¥ H &3 - < 6 & 0

BAFEE o2 SRR T R ERGFaTRG 4 kG sk f32 A LED FliEdA A 4
KBERG o PoF LA HE S LRI GERNDE S odr & A o
FRREFRHME Jd NEEAT LR EFRFET RE DF M ERpE T
D HFEEF G FEEWARIRE S AE G B A0 K Mg e

a4

|l
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B R IIHEE R
7 F5

LED &

58 1 AR

E2(Au)
AR (ALCu)

H2-8 %+ % 53] LED #2545 ]

B4 5 LED fedtfd o0® adt RSP PR B0 g mA TR Y n A §
PR 0 3T B 1.5~1.65 % g R - se R EH AL PR Tl A
PUAE F hTR F A X T JirUV:‘ML%)ErPHTP*‘A\ BHE XTI ERE X
FREIS[16] o 4t TR F A ¢ L RRPVEF e ¢ R ELR S E
bR > T A Fa K ol -. b
oTh § A G L (L 2
FoLEE e B
B &6 % LED (M E % %ﬁfv

m® PRSP 4] ) PR St
kB8 T K

= ‘;&‘?ﬁ/ﬁﬁufj Eﬁij‘%ﬁ' a ,,,L °

S

.
i 5

Transmittance (after UV irradiation)
Higher UV stability than epoxy

100
80
g0
70
B0
50
40
30
20
10

Transmittance (%)

Wavelength (nm)

Bl 2-9 & AT APt ¥ LR T S 50 KBI[17]
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LED #-ie gt 07 & TR § P a3t X ehp b0 57 L5 7 R LED & 7 12 %
REM S ¥ - ARG LED R F Bk o dnd AR SN TR Y A i
LED £ 5 B~ di s e 47 o B 2-10 f2# o 4oB#771 LED s ¥ p 02 & §.d 2
# /% (active layer)s & » HF kB i S nw g A3 53 Bk o §d 28k b
k(TR FEAIH F A G pFod 3T LED B a3t 55 (ng) £ 3 0h IR ety
Ba(ng) tog RMTED fm FL /‘Eiﬁ?" % 7 %2 (Snell’s law) o pb & % 2t
& (critical angle, O.)7k 5 ¢ & 4 > & Sf(total internal reflection)Ih % @ & * L3 &
PR A R GBAR ST o AR T AT HE L F 1Y 45(GaN v 478 5 n=2.5)h§ £ LED
R IEH TR YA TRY A EAREA R W 3§ 3T F n=1)7
BE o R 28[7] 0 B kIRt R E WL A% & P PR TR A
a3t AT S n=1.54)18 > Bt Ao kBT W 4 5 10.6% 0 5 R A BcE (4%)
£12.65 1 -

g
B L .

B 2-10LED & ¥ |} #8554 2 LT R B

772§ ¥ n;sing, =n,siné, (2-6)
Tk LA g =sin! 2 (2-7)
n,
Peﬂca c 1
LED % B~ ) 5 & 2 P‘—p:—(l—cosﬁc) (2-8)

active
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24 v & LED # s

ALED H ¥ 2R 2 %R B LED B* Av KRPH Fang B T AR k4%
Poow KT d H- BERLRMETOHES > ¥ - FP C EHEALESA
1% LED R v ke 58 b A & M- Fimin /i KRG 0o & LED Hjirr vt o H

Bt B

RGB=¢ & %¢ LED:R=& v %
#R-G-B=zd¢ &L s/ F3tE~- BLED#® » f#Z#¥HEIR-G B
Zd P ED #7537 R a0 L[18] > AR A G KDiRBEA T U 7
CEY LR AL R a2 FA I T S AEFIRGB 2
¢ A LED k35 B ki o fe Ligfh o % LED $%.3 % & f kit - 008
A LED Hrie 3t 360 3% 6 AR i spl ¢ 98 B BALS # = 24 LED R &
7R - BB kRS ¢ 4055 T }__]nggﬁta k] b d a2 fE ¢ LED
B ) AL R S ok Rl A R
g 1 AT 2 %dww%* ‘w%H#%;lﬂmgﬁiwkﬁiﬁﬂdkﬂﬁﬁm&¢
shd 3P Bk LED & ¥ chib sk 58 30in 5 gk B siie e % LED ) 5% AFAd & o 3

.---

'ﬁled\"/wfv\"’omg/ A TG o

B AT - RERP o

UV LED + RGB ¥ % #

PREF BB I TRET pREFN DR R IR ALk
(UV)i Bk > 2 (o % eh B g g po ey ke @ B2z did % - @ UV LED +
RGB % k#&fdv % LED RIZfop L BE&F 02 > 5 f1* % ¢k LED & 2 % 5 &
FEBR -G BB v k[19]c iz 2 55 UVLED 7 § % 2226 ke d

LUV LED £ &35 B end do gt e e ka2 3 339 Behh i o 3 18
p# UV LED ehf ka5 i > 2 ¥ kg bl £ By gL i gmrn
B kS e b b LED ehdf iRl F £ # B (silicone) & Tk ¥ #5 (Epoxy) ¥ 5 3
Aa > B9 Fuld Ry faf iRt eniRngn A4 5 PREFNETE
% o UVLED B % 154 2% % 3 s PR A73RHE o
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Ik LED+YAG % &4

HH %R LED ! 4 b YAG:Ce ¥ %4 5 P w &% 2 ¢h9 £ LED 2575[20] o
AT gk B PR B W A 440 nm 3] 460 nm 2_ fF o o 3 YAG:Ce ¥ ks i b
ARV fot £ 450nm 2 L nER T A A0 kKo F P E T HE - B Y
ks i TR A EE BT 6500K chn sk kiR o e d b ek LED 4 k4 4k
ik IR A o Pk £ rm’ﬂq*wﬁé M2 E 570 =3 % #d 3 YAG:Ce
¥R e FRACFHEYLEE > 2 PR ERE P ki g
AP0 P ipfhe R kS S =4 K LED ¥ B o

% 22 v k LED chz 46 3

RGB LED /& = v 3k UV LED + RGB ¥ £ ik LED+YAG # %

Yellow phoSpho;/

LY

-oo&oop..n 0°°
°

e 0o - LN o ’,r °
RGB phosphor
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=% LED#ELEHIRE

+

3.1 TracePro & 5 {5z #ic ¥y

kB IR I Y A 5 kP i B2 (ray tracing) ~ B & @ 3% 72 (Beam
propagation method ; BPM) ~ p¥32* 5 'L £ 4 ;2 (Finite difference time domain ; FDTD)
ZAfEAE KPP EHUE I B R BASPRE > BRI R LE FakRa A Y
J& kL b T 0 FIp R ehd BB F BB B AN kR B R s o
FRer gk ha v A %;ﬁ»%’i% #1(400~700 nm) » P 4] e 2 = B &P F Ak
FEB(um) b oo P B RF A G ALY A RBP i, Bk AR
WLk FH LT oA kL BRI TP RRE AR AR RBH AR R
SRR BT A 4T o P I ?méﬁmﬂ & 3t L ob M T) 2 K B4 (m~pm) i #5  F
4ok F M TR E A 470 ﬂ\;mv A7 3 AR LED3 R R T R AT A
mmmi&’ﬂ%%**ﬁimgﬁﬁlﬁwﬁéﬁo

k£ FriE Bear 18 5k ‘ﬂrﬂ/»\ 17 st— "-P /»\ £ | ;'J 1 (sequential) 14 % 2L 5 7| |4
(non-sequential)® #f » A 5| [k i~ iw %ﬁ&r’QSLO ZEMAXKM #m L H s
LR Sk e +@—xawﬂwim—x%ﬁ?7W%%%9ﬁ&ﬁn$%,%gg,
@ﬁﬂ&%fi%&?é%%ﬂﬁﬁiﬁﬁ’@ziﬁﬂéﬁﬁm%g{ﬁm?
AR s o WF B AR E TR -

LR F R iR g g 88 Ao TracePro R 0 4= i 5 8 s 47 T 1% =+ R
(Monte Carlo) 3+ 5 clicie > 2 [21]: 5 5 + BiFE 2 5 - B ol T 65
g 23w FRALE LG PEE P X FE A T SRR AEE o d AR
WF PR S o kAR S P AT R R h e FiR M A TR
PR E L R AcE B 3T TR SR 0 R A TR F AR A S
BFod bRy g i By R iR RV ERFRRE 2
FRpHRCFE e o F T SIRE ks 4T o

A 2R R S R B BT 48 TracePro fa & 33t LED #C &2 & 47 et
% > # ¥ d % ®WLambda Research Co.*TH % » /i & 4oBl3-1977 > At f§H 4 50
FORRAE TP OIARE S E o F A G Ie W31 T S ORI T P SR kY
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BB Al o ¥ AR A

LRRER e hE B A
Sl m A AT RS

R e AN O L LR

s 2 Gl e (T % AR U & ¢ 0 A BE B R
BRI RF R KR A LR A G

FAR AR B I PR T AT R

# .~ Condensing Lens 10.5,5,1

b 7 T

hvizad

Model Radiance

For Help, press F1

N

NN

R
TS

R

RN
RN
XN,

Ay

AT
‘\\\\

e
ooy
T

N
Ty
=
e
\‘i‘i‘\
Sy Y

\
[E:-7.2265 ¥:11.8262 £:-132028 millimeters 80602 ¥.14 4497 Z:0.3996 millimeters [ [
g ]

.\ \ ”méﬁﬁmﬁﬁ

e, 1 :, 'z_. e . )
FHERT RS LA Phon KRR Y rE Al F # 56 % LED
&
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32 % Fv k LED e # & AHRK
Ame A& AME AR # 5 LED Hoe gF R K iR H **TracePro¥
Bofk R e BI3-2 8 (R e F R B HEAD o W Bl Y AT 0 R S

LED #-e g prard cns el e 2484 6 0k 845 5 FF% LED & ¥ 4 %
SR M HER AR R e i 2 Y § R ¥ R BRI
AT ks B ik LT S lehkd 2R R

ey kR

Kk 3 \

H
(a) LED#-j2 28 & 78 ’f?@(ZDﬂ) .’ :?,., (b) LED*E— I EH B 3DR)
]3-2 TracePro ™ 1" ﬂii'] LED ﬁ‘.__‘_.féﬁiij%f]&%]

i

Lz

R FsFPE :
Wir A% 5 LED et LA AAFEMF LA e WiTdra 8 o
GEH T AT LR B R 3BT RIpF SR R 315 R E -
_ (n, -n, )2+k22
(n,+n, ) +k,’°
AR T AAT S i) 2 ) K Prdio o m RGO~ B4 e
B 3-3 5

(3-1)

31 ¥ eipy Y E A H
7o el o MOTAET T endT o il 2 ) K T d R A EF(22]

RS L I LY SRt I
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——n

SO = N Wk N I 0O

400 425 450 475 500 525 550 575 600 625 650 675 700
%4 £ (nm)

Bl 3-3 & ff ki B endt it ilicn 1) % Glick

BT 7 e sk k Bk SR T Gl R Gl R R A N3 [T FE A

kg £ RN E B o B F B hig B X B € K B~ B AR chdT it S oT

oo wirdlg # F LED e ? o 4pdde Vi W g e R E > BATE S
1.54 > gt 34 s 3 B 0t pRaB R o R OF S flicE o o) 34 97T o

94.00%

92.00% e

90.00% -

*
*
*
L4
>
4
p

s s s 4 . _

¥ 88.00%

“ 86.00% | \'\.\'\'\-
84.00% |
82.00%

400 425 450 475 500 525 550 575 600 625 650 675 700
&k £ (nm)

—— kd 3rEF A1 (n=1) A F » B4R A G PR B

—s— kd R (n=1.54) /i B~ bF4EA G BERE B

Bl 3-4 2480 & K » SHEH R 2 F St

LED & % 4 & F 8% % %

Wwir A% # 5 LED frle i 4e3F £ KR G LED & 50 % gt i 7 oArE dangn

1\4

SRS E S PRI F R G h2F A L B & 4 e o doBl 3-5@) A 5 T
b LED fomph 4o b § R prd ¥k g £y LRI &P 45
4ol 3-5(b) T o e ® ¥ 5 LED HrERRE Y & RS P A G ok SR o
ERAF 23 F 537 0d 22 EE®E A LED & ¥4 & £ 35 AP al %% Jong
Kyu Kim % 4 e 1]%[23] %% %> B 3-6 5 Jong Kyu Kim % 4 € % I 453% LED
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B

S ¥ PR ch B 0K SRRl o oWl 4rF 0 % LED f ¥ N 3RF G chF M4 S
45 (N2 4 (AU)PE » 430 b k kR en% 20K 5+ 4 & 40~50%2 FF o @ & LED & &
MERF G RE BE AR L SUADPE b k kB % 2k SR 9 & 60~70%
EN

. o %0 095°05
© 60 0 g o0
o o% ﬁk_ g/':' 0,0
(@ Fhigd 2FUEMIA S A5 () FEBRNF LRSI L Lo

FE] 3-5 & %ﬁ’k%ﬂp@}ﬁi BBB ?\ ] ”é‘g‘# .E. Eg]

=

100

Reflectivity R (%)

1 1 L 1 1 1 L

0 1
300 350 400 450 500 550 600
Wavelength (nm)

B13-6 LED & & % 6 %0 & 6 % £ % %07 5 % £ 52 J1[23]

¥ - % Hong Luo % « gﬁo‘;]%[m]%l’# 7 Jong Kyu Kim & A enF S 2% ¥ 7 A&
PR R B B HERR R Y & B P E kR S S S0% o st i i A HOHR
P #-7i2 Hong Luo ¥ A L M-LED & 5 % o enE 22k 845 25 50% tis § 4.1 &

PIMBLBL Gk R R F R EAP A L chP BP (FE % .

FRBHASEP R F 2L ERARE

231977\ S RBP4 A0 % LED £ % % % cndtiw R TR A -
dod AT o EEE REX A LA ERT o M A BT EHTGIR L DGR
BT AR F Y 154 KT EF A lmm B R T ST 4 100% S PR o
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31 FERLALEDHEH ¥ # B FH4(17]

Material Properties of HRI Encapsulants ‘
Elastomers
tiow Coring® fiow Corning®
OE-LE2 O £552
B Supplied
Campanant 2-part Z-part I Zopart \ Z2-part 2.part 2-part
Mixing Fatio 1 8| 11 14 13 120
Viscosty Pas 1 £ 4 28 & 2z
Curg Condien, “Cihr 10041 15001 15011 15072 15072 15002
Aftor Cure
Hardneas 20 (45 A) \ B2 (5 A) / Al(shera Dy JH(shoco D) 68 (shore D)
Retractive lndex 1.54 154 \ 1.54 / 153 153 153
Trarsmitance, % @ 450 nm, 1 mm 100 100 \ 100 / 100 100 EET
CTE ) NEEVA
N

i LED #2227 - B &€& gfics ot * $5E%H k eh 7 15 F (Transmittance,
B OE-6550 &40 # "W 41 -

BR84S Imm
.-\.|.
FI* p & Jasco = & #74 &

ek 2 R (A 5L V-570)iR & % OE G‘SSQ;E ’W%E 24.58 mm FF ek 7 i & o

96.00%
95.50%
wr
¥ 95.00%
L
94.50%
94.00%
350 450 550 650 750 850
£ £ (m)

B 3-7 # % OE-6550 %t & & 5 24.58 mm P & LBk 2 kB 54 5

d RN EE T UET GEFFROERBE > RS O ¢
Bm 77 LA o @ PRt E kT HE R G gt foziE o 58 (Beers law 0 3¢ 3-2):
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Beers law: I=1,e"

(3-2)

9 DR R R R T EEEA TETE LSRR L L RGEN FORR

IR N Y T LEE UNY AT o A Rl

TiE & x> > 7 B30 3-2 BEI@ g5 v 5 50 3-3 e) 50

- In(/7)
L

e

iz 5

(3-3)

B 3-7 R BIFIEFBER L 2458 mm FFenk 75 % A d N 33 gk B s

# 1] OE-6550 # & B fx i > 4o @) 3-8 #7571 o *47 3 t TracePro ® st

i{ i‘ﬁi%] * b S BR A ER e f 0 2 {4 TracePro if ¥ p (738 & LED #ictke® %

i R R B TSR o

0.0025

0.0023 \\
0.0021
0.0019

0.0017 ¢

* 2z fhde (1/mm)

~—

0.0015
350 400 450 500 550 600 650

k& (nm)

800

B 3-8 # ¥} OE-6550 *% & jt f £ wx fx iz dic
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3.3YAGH %4 $8K T
Fokde g ek F il & Bk B K ALY G A PiRIER o 28
F] & N"ID’}”*",F‘%/*F |TEAE g R BRIt P EEL AR Mgk

4

gz il o e R R EHUR Y B i Bl o b
¥ Renfi ik L R e KL E T - b nB AR 1) K KimE 4 el
F 5k 5 GI25] 0 % R R e R IBGR B - $95 Jb 2 i T LR R R
W FHR T B R 5 R R R e KRS TR M
G- g ki

A2 AT sk B R M TraceProfi % w im A B4 B 5 F ki B i
ﬂo@%ﬁﬂ%%ﬁ@@gﬁﬁﬁﬁmmoaéiiﬁﬁ%%?*%ﬁﬁﬁ@’

TracePro ¢ 4 sk g if Jrin= ;N8B RS T § kP Fenjelf B ME - 2 {8 G F kK oD

TRAME AR E AR

ran’

R
A

Ray trace i&#t#fRc | | Al ﬁay trace EHELHH

RS |
BB HE
&
3 3L B R
Ray trace #ifsta ki PARay trace X EH &
A5 Rk BAMEHE S 2 AR

g KR e
(BB SRR BT

B13-9 TracePro 3 # &4~ B % 5 H- 0 3t in 42 1)
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Wk FEY P& 450 3 E e ke B~ R R B kR en g S e
BB S e R S VSR E K o B g R g R 2 R
S EAE ot B b e oo g fs TracePro ¢ B £ 12 K prig e 3V e pEA 47 A AL
e e kR B A Il Sk R R g Sk
e TraceProficsit & 7 ¥ L4 Henk 5 {ole pr > Ap B 3T Sk M enek 2 58k @ 35
¥ %4 & 0% f )k & (Molar Concentration, Unit: moles/liter) 14 2 8 58w g g kb
| en3 f #x Jc t #i(Molar Extinction, Unit: liter/(mole x cm)) 5 4 & % & =oygigosd %
e ¥ ki E R F P T HE 3 20 F (Quantum Efficiency, QE)i+-
o T FRFERGMEHL T T B f%ﬁ;?l)\?\;{fy;o AR P& AT m%%;}ﬂ’f{r
w E AR T (YAGCe) » 0 X4 TR Sty T e aig 0 G s
o & S K b 0 A LS Tk MR € F AT ARl o FIE AR
Gle prad 2 gt R TR 0 R i 2 S VIR - A i T o
e et dp B Y R o @ g 4 Yiling ZhuE L e JRI2TIR g
HEHE P B Y @Ee L T ;I %ﬁ il YAG:Ce & 14 )i > Yiting
Zhu A % 7 4o B3-1009 B 2 @-&é gﬁs@ez RAI% k5~ § 7h 282 2% FILED
ik REI - W F b}a}i(Smg/qurlz)YAG Ce E P ST W Y i ser
A S E P e B f;,,\rf\ﬂ,? ‘4%‘%@5'1;){&1%,&%%,}@1? xf8 5k sk
5 & ’%% Lot 7 f2YAG:Ce ¥ %J[nmf{k,i-u;cx\»{,gm{y@ 4 LED h %
EFd oo YitingZhu FA A% T FEEL R R=fF LED F kEik o A B

7RI B Sk % Rl 4o & 32407 o

(1) Integrating sphere#1 (5) Phosphor slide

(2) Integrating sphere#2

(16)
Port #3

(]4) e
Port #1
=05 | (6) Fiver optics
(7) Al Block
12) Optical sensor (E)]
SpeCtromEter EEEEEEEEEEEN IENEEEEEEEEEEENEEEEESR H dcpowersupply
(3) Optical bench k
\(8) 3 LEDs

B13-10 & ks w2z sk B sk 7 5% X ¥ RB[27]
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£330 8 kR ank g grad ok 5 2 % [27]

Reflected Transmitted Lost Total
Blue
5% 6%
(unconverted)
36% 100%
Yellow
29% 24%
(converted)
Green 40% 42% 18% 100%
Red 43% 44% 13% 100%

BB F kR K AR ch g A3t TracePro #48 ¢ 4B Yiting Zhu % 4
PRHFPEET AR S PR A W3 @ T o § AR

G r PLED e $ 00— kA58 5 B A s ehd KRB R 4o F]3-11(b) A o

ight source
urface
A
i\ —
&_’E 3 g \\\\M e AY T

& R
B13-11 (a) TracePro #% sk i wx2zk 2245+  B3-11 (b) TracePro # & &2k &2 4
7 HE HoRE ) Bk R R (L F
g IR 5 ¢ ik F])
“TraceProfid® T & 43 5 b RBci® IR S S RTEF Fito L § "k T
ki kR 5 3 AR AP e R W SRR 4 § @ TracePro #E §
N

hORYt 2o EE TS N
Lx Lo hila B2

She

Tk

1k 3 A 2 o Jaipl R FI A AR /AP
TRE G F SEMELERITR DR H00% AR AT HF AN IR E T APE S
£

Fofam @Bl ? Ko &0 fRipt - RAA PRFA RS T L

YoBI3-1257 57 o d 20 A BEFEA Thehk kT R PL R AT E D kB b T 3t

ad

% e
(AR
B DFE R ST EEF Mg R o FU A PR A TR s W LT 2100
mm HFFELEFR REF > T RRERTEEF R R L LR N TR RS

B A R & o

23




Detector surface for ~ Detector surface
transmitted light Z+ fo‘r reﬂecte hght

Vi

¥y

ez
o A A

A

F s

R

®13-12 TracePro # 4:%» T R TR 7 HE L]

¥ kR I 2 &5/ ,_\ P Lol
P PN S B o 2_ = - | i—g\-f\
E,L;;}\;,mx;{}‘i%_g— Kchﬂ{—?:ﬁ}ji ’rﬁ; -.., |m%74tlzﬁﬁ?—p\/ﬂ—p\ l‘&nb g_m
koo A BRI LN LB R w&ﬂz R Ty NIRRT
G BT R AH ﬁ%ﬁ*%ﬁ%{i'* ELE ﬁ:ﬂww = SE 8
U LN e W 7 g ](Bulk scattermg model) Z_+d Henyey, L.G. 12 %

Greenstein, J. L.#t#% 21[28] » 323 % & B % #ic (g0 ) Kiv B A 508 05 IR
%o% ¢ g fLi & R 1% fic(anisotropy factor) ) H @ F B 430 1 &2 -1 2 o
PUE AT R RSB S AT RS PRSI R R S e o - B g EE D
P A ATs ) R ek SO e de ~ SR TR ed g B f R AT
KTk AP e F 6038 [ @ g g B35 FF O RRAAEMBIWT L L B
wATE o pu B A ATH TG H S EM AP FY FRETEad 2 L i de i
Tiopd Bl &R ARy TP FEF Ry ARIEUH S T IOERE
o - B Topd T E =5 S (mm) o Flt 5 TR d TR Honic st TS R
AP FHE RN RISk Hi25 1/ mm-o
Tyhp g et E A ST 8 03-4[20]8

L=— (3-4)
no
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F9on AAchRS kR TH AP Sk Bkl /mm’) 0 @ o B 5t
B G A h o) o FIHCHES L T3 d Sl mATH F S AT d R

3-53+ 5@ 17

=—=no 3'5
h=7 (3-3)

= e Sk T A ] A3 Sum ~ 15um 2 FF[30]e 5 7 ff it E A gk
BRISLETE 0ums ZrPEET A LBRGH0 579 x 107 mm’ - &

Yiting Zhu % A ch@ S ? g3y ¥ 1 51k ey R PBER S Sme/om’s B A

R

B% 05mm> x4 YAG:Ce ¥ XA 5 431 g/cm’[30] > &d 3-8+ @y
FAhPER n 5 70x10" (B /mm’)e#pt B @ for U35 TR ERT N X
¥ K st F) 5 4 =5.576 (1/ mm)

YAG:Ce # :#43ent m B ivdi(g)enlic® 7 » J5d - M RFELRIEF - A
Fo o R WO KA e A g7, 3-2+Yiting Zhu ¥ 4 1% k2 5k 5
PP B o PTIUEE 2 ;lé.;{g;‘}%y&hq’m 4 ¥ v ;‘z i;}iﬂf ¥k e T & Ak el i
PR F] o 2 18 A R]3. 12 » T2 wi‘";%’““TraceProt’ SN kR bt 2 oAtk B

o FR R R L r?a“i 4 »‘*ﬁt?|_ {é’Yltlnghufa- LR Bk KL
R ey S AT S | s 'ﬁﬁ;;o r;éz Fa s B iR sk
P33 dod iR AT @ A B PG ¢ = 0.4 P E @ hARiT Yiting
Zhu% A F 5ehig b > FPt2 B PR Lo R MGl ¢=0417 3 YAG:Ce¥ £ 45
oA P iR 2 ek
%33 3 tw B GBI 2R LRI RS S

Reflected Transmitted Lost Total

Reference 43% 44% 13% 100%
g=0 49.51% 38.93% 11.56% 100%
g=0.1 48.09% 40.10% 11.81% 100%
g=02 46.57% 41.47% 11.97% 100%
=03 45.35% 42.62% 12.03% 100%
g=04 43.14% 44.60% 12.26% 100%
=05 41.18% 46.57% 12.25% 100%

25



YAG:Ce ¥ %% g3 8 7

d %> TracePro © i & p 22 YAG:Ce % k5 e KAFH > &L JF p ff:%_"?'li’ﬁa?]
A ES O REERIE T o 4o 3-13 Aror 0 BB E JI* P A Jasco 274 A
2 8 % k2 K25 FP-6300) » BB YAG:Ce ¥ £ 1€ £ F A0t 10% LA B
s d k£ 440 nm~460 nm HEE Sk F S Ecs B YAG:Ce ¥ Sk e B 3 o
d 2 Rz S (FpEeT ¥ engEk LED & 5 03 B (Apeak) & 451 nm v ¥ *t TracePro
TR B Y TR RE RS Pl £ S 450 nm o B 3-13 ¢ d L E 5 450 nm §F
% o pEAr R 19 g kg S > B T (245~ 3% TracePro chp TF k4
F*;}J_c‘ °

20
18 —— excitation by 440nm

16 N\ —— excitation by 445nm
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