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ABSTRACT

ABSTRACT

Since the incandescent light bulb was invented in the late 1800s, human have
never given up the research on light sources. In the late 20™ century, a new kind of
light source named white light-emitting diode (LED) came out. Compared with
conventional illumination sources, white LEDs have many outstanding characteristics
in terms of longer life, higher brightness, lower power consumption, and less
harmfulness. They are expected to have a considerable impact on issues such as energy
consumption, environment and even the health of individuals. During several decades
of development, luminous efficiency of white LEDs is improving at very fast speed.
Especially, phosphor converted white LEDs are becoming more and more attractive for
general lighting applications because of the steadily increasing luminous efficiency
reported by LED-suppliers. Now white LEDs of Cree Company have broken 200lm/w
efficacy barrier.

Highly efficient packaging for power LED is crucial for the development of solid
state lighting. Different optical structures with various states of phosphor will greatly
influence the packaging performance such as luminous efficiency, quality of white
light and color uniformity. Now, traditional process that phosphor-containing silica gel
is dropped on the surface of a blue LED chip directly is adopted by most LED package
manufacturers, however there are some disadvantages with this method. The primary
problem is that the thickness of phosphor layer is uneven, which highly impacts
restrain the spatial homogeneity of the white light emitted.

To solve those issues encountered in the traditional process, a new phosphor
coating process is put forward in this paper. By combining water-soluble photoresist
with Remote phosphor structure, white LEDs which are of high luminous efficiency
and good color uniformity are made.

Some interesting conclusions from our work are listed as follows:

1. With the method of Monte Carlo, different package structures of white LED are
modeled and the factors that impact on the performance of white LEDs such as
packaging materials, phosphor layer, light emitting angles, various packaging
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ABSTRACT

technology etc are analyzed. The calculating results show that Remote phosphor
module can be of up to 26% better optical efficacy than conventional process
module; Because the output of LED light source are of a Lambertian radiation
profile , the module with even phosphor layer can not gain uniform white light spot.
Only if the thickness of phosphor layer matches with radiation profile of the LED
chip, perfect color uniformity will be realized.

2. Based on the conclusions of simulation, a novel phosphor coating method is put
forward, which adopts a kind of water-soluble photoresist consisting of polyvinyl
| alcohol(PVA) and ammonium dichromate(ADC) instead of conventional silicon
resin, and self-exposure of LED chip was employed as an optimized self-adaptive
exposing way to make the photoresisit crosslinking. Eventually, ideal phosphor
layer comes into being, which matches the intensity distribution of LED chip. So
the ratio of yellow and blue will be keeping consistent at every angle. The light
spot of white LED will be more uniform spatially. The problem of color uniformity
is solved perfectly. At the same time Conformal coating and Remote phosphor

coating are achieved successfully with this newly-developed coating method.

3. Luminous efficiency, color uniformity, spectrum of light output is measured. The
measurement revealed that the devices with new phosphor coating process
introduced in this paper shows better performances than the ones of traditional
process and other Conformal coating processes in the terms of color uniformity,
and the luminous efficiency of different package processes are almost equivalent.
The Remote phosphor coating white LEDs deliver better homogenized white light.
They are ideal way for packaging of white LEDs for general illumination purposes.

Key words: White LED,Monte Carlo, Self-exposure, Self-adaptive,Polyvinyl alcohol,

Ammonium dichromate
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RIHE LED RAMELHE LED B, WfHIAER. RSN LED &R
BAMBIARMES. LED B4R 2-3 i, FERBIMEERRL, —HU



$-% QX LED MERER BN &

¥, BARESEHHEMRREK CaNBEE, B LED MR NFERMNBIR,
EER, BERAHHNFRNELESEHEIZNSE, BEERFALER—
B CaN EWNE, EEMELEKERE, RBRKEENAEK, ARTHERE
Bl RAMN, BAMEEHEKTEFSIANT R F RS H R A RS 451
METFHEN, FRATHESHBANREERLICREHEIEEEN, &K
BEFRET LED MtHBE. Bl (W W& LED KAThEREAER
643mWw2,

PHIGaN
PRYAIGaN
InGaN & FB
NEInGaN
NEAIGaN
5
NZIGaN NAGaN
GaNZre/2 (buffer)
HRAVKE (substrate)
B 2-3.LED S A4

M AR A% & LED t—NEE 4 284, %W LED f5 B TaE ™. Hd Rk
WEE, BEEH, BEHRIHIRE=AFTENER: —RRAREO &AM,
HaTH FHl&BENMESE Au-Ge. Au-Zn fl AuNi %; —RERBHHINS
BESHBRER ERATSHANRE. HRES A FERBERSS2 M, FER
BRLARE ERTHEMNES, »FXERLED TR, BRREEAHTRET
8y, % LED I ZRATHREN. AREFIURKFREER RSB,
WA 2-4 FiR; SRR BB YRR T IE B HRAE, ZECRIE R FRTY
AR, RERSERELAER, HRANTRIER, HREHER
FXABESFER.
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BT RHRER L FAR X

22 8% LED IS A%

A LED ¥ 2R AMNZLEM, WAEIEX LED —HER MR
ER. KRR, AtRASHAGKREETRMESL, WEXTS AL, &,
. & K. B RLRREE, METEATRALRHL. &, E=F6E4
. B LED BIREIRIAT 4N, LED firx HREAEFEEN, FIbE4 LED &
FREEBE B,

REXN T HARHR, ARREHTEE BB XA LB AR A L L f
BXRET . BETX—RE, FRMHAERIAN LED: F—HFERETR
Fe¥r i85 B82 A% LED, #FRA4 PC-LED(Phosphor Converted LED); H—F A
RE=EAMK LED S #¥EE—R, =6H 483 8%, ## MC-LED(Multi-Chip
LED). B{EHLHL £H UTLFHS,

1. % LED+RERLH

XFE Y LED &F| A LED K MBS BAER LT MAGRI R ER
k, BHERARENE SRR HNERNCRABIIEN. BT, YAG: Ce**
RV RAUERR AR HERE, HRBEREHEA LED KL, BK
H2EAE, BAINAXEANLRET, R ZXA. BT ZERERK,
FETEMxER, BRAREOEE T EHEMH, HEEE LD REHHK.
BEE I LED R MARIR B UL & AN AR # LS, TLFEH
3 E 56 LED AR R8BI E s iR 7t .

AT EA R AN LED AR ER ) B & EfE R

OZEEYtERE. BRXF A LED T EIEXHARIE, B
KBRS, BETRIEMEEEARYS, SBRERRRFREFFLREA (R
W), MIEXEE, LREHNHAGCERBRER FRERSEHD.

@XMWEAM AN LED, HTFHEAETHRZLATHMERS, HE
BHRE,

2. %4b LED+RGB %% 642

XA EE LED MRE S BT RCREEM, HMAMET LED Frk dif
RINASERE, MEHZAKMERSERARAE., Bit, KHME
Jext &5 LED K 5B EMENASKF ISR, rBE SR T AL LR —
EERM Ak, HTFZERAGHEALEERE, TERENMTIAR, XHE
Jt LED H1 B 55T .



®-¥ ANLED WEBRBHFEN A

RTZFETREEEHAKNEABRE. §5%, AARCRELREEN
Bi€, MAEN ZRANLE. FETORS TS, KotiaehE, &
FWA, H Stocks ABERMERFRERBLR, B, RBFRFOER. KAF
HIE% LED %56k HKEsh LED H & HRThEAXRE, RESNHEN
HEBTFR: BEBAIEH UVLED A5 §i& BFERN &t B2 kel

3.RGB =#& LED BT H R

=56 LED HEHERE AX LED Mk ARAFETOLS, TR Gt
#80 Stocks B ERMAEER K 7, FKATLUEE B mEEHILL. &, & LED
RIRERELSE. R LED FrRHIES AFELE, SRNBAGELE
BEBEANRAAK, AHEEaMHRE. MARGHE, RN TRGHSHE
HZ. 55 RGB = LED ML SAMBERRK, BTHEBAR, tEMH=R
FRBEENZUA -, FRFFEFIAE, EREAEHEEN TENAR
e = MBI R LED 5T MERIEY, REBHLEEHER, MHS
B 10%-15% e B4R k. WTFIh%E % LED, RGB = LED #HEE—i&, RHEAA
HEHERAMN 3%, SRRELARY, BRASH, BRT XM E% LED K
ml ALt R.

2.3 A3 LED py$251%it

LED =l ¥ EAYE LED A #lE. LED {3 & LED M. fE4 LED
v & b T LED #3570, AL ETREERNEM . 2T LED
BAME RN RP, LED MAMRNS T RIRKEE EH LED S48t
feke, TiRBET 2% LED X R AN LED MHREMHEXEER.

R AR A Ak LED A et AR EREE, HHEET 2 RIER S EENF
B, s, SR T ERRLEERS. EAXLED HETZH, BR
BlEAMERILE. BE. h¥. BE B, R, 2345, RENHEXE
MMRERMOIEE, FRLRBRRNHERRE, TARHEE P8 LED fAE
ALK, BSHE. FRFGESHE. LED HEFTEXNK. A, A,
EWSHRA—%E, EHESED, M ERER. O, EHER N
B (UHERE. KEFE X LED XA ETHEENEMBRK, FH 2%
FPC AKX LED, HHETEFHRAMBELZRENMETEMRE, Tt
B EH RSSO U RRE T ERAEE EZ W T A LED HE
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HFRBRET 2R

iR,

LED #5741t 40 ZEHMKE, LA T TMHIHLEHHHERR, XL
HENIZANRRERF O NN, EEENREA, ErEEMEHEE
MIF R RS, MBI EREEMER. ThER A% LED MEE R AR TF—
fBH LED #%%, BT R&—# LED MEEERS, EREXNTARERLAL
fmE R BT R, RN SRR ER AN LED H#ENEA. Foth
FEREBXKRE, TRFHEHRTRRIE LED MM EErXR, FHit
FEAX LED #4380t %, MMUERIE LED BREBNRIEH, TEESSE
FKAMBHEIGE, LAEHUREHEE.

HAl, BY6LED MHBNMAEREIEERE: TOMRE. BHFw. B
Bty RELE. REE, —BHEY. HEARIERBARAREERBEL
TOP 2 SWD RIS 4H . RINERBEIRR T HREMRIT, MEHIERE. %
ity BARTHEAEARAE, MXAREN. BirHEERRRBERANE
MEFEREE, RRCHMBEE, BTRETANBEOMLE, BILTOERAE
W, JEANRE; RALEBURBEHERGERANE, ReB N
REtt.

2.4 BRTE ¢ LED f54 By o) 58

HEl, At LED MAKBFERE, ZERMXEWHEANT KEHALYS,
WS EREIN A B LED WAL ENRKE, R, HEY LED #ALERHATT
SHRHER A FRBBAEF S W EEHRER,

LREBRRETTRAR S

BB EY LED MAEBERM LR EKFEEZ 208m/w, B BLHI
R A LED MRAMENRE 100m/w 4, BET T HENNE, A
Mg RIEAT B JLES, T0EM MBI M RA%Z A, EkAY LED EAJER
REAABIANERELY, FEEMRBEAEL. BREAANNS, —HFHE
KREGAFET A RERFHE, H—HEEX LED EHE RIT ARt PR
AT eI B D LA FE R B8 LED AR PR R 7E 3001m/w, 3k JLE I 5K F
K&, LED MRNMEUEE 20im/w FIEERF, BHHIEN LED BERAM
BRI, TFRERARE ERRL R, Hrisin TR w3\ I B 48
BRI, REFHSEAETE, TR ERNES, ™RS4 =RA,
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$=% AXLED WEER AiFANAA

SRAIERE AL, EEENREELEH P TEZNERZN, 1L
¥ M,

2.8 # e &

Bt B R A B % LED AM— AN EXRE, HABRHRSEEXR
BB MM Y. BRBAITHERY LED KRR ELEHA, 1w KK LED KX
R T 600mw, BEHAEEURNABREE, WEAREPERTRA
Hoas P SRS R I A B3 LED B4k, HEERFM: LED Kkt
BEERERE, SHAXRLTES: MTREREENTARE, FRRE
AESBEETHERER, REMETFuREHL.

.EM, EAEREBRHIR

TR RESI & AN LED KXEME, ERHRERYMBTNR
. B, CLARENEAKESSY. BRIBHHRLAENTIENENETEMH
A% LED MR ESR, RARMEEEHEMEE, AANGEGHERE,
— M SRR ERK, RERLATOM, BEFRBEENT R, &
HE&HE. BEAAE LED Mxal,

4.7 Rl E BN B AR HRE

B AT S LB Bk LED KRB LED+EET MM RERE K, H
FREMMURELE—HBFAARLE, ZIEBINRINEEEIYS, B
ek R ESaNEE, TEFRFNRELE, HEAN LED NER R
Sl

F R TE N S SRAT R AT 0 B B IS ER BOE 100, BIRTE 3000K XA, T
PC-LED WEEIEELAA 75, ARUMBIERIET 000K MEk. BFELE
YAG: C&* %P BAD RN EBRIH R LIEERE. BEAHMEX LED,
RO BRI B NERIK, Stocks FBERMREERREK, XM
B LB R 8.

5.8t LED BB RE R HEH TR

ThER E5% LED M TIERFEX, 1W KB LED THEHERN 350mA. K
FEFR B AL F R % A AR TR, T LED BEMAEEEREES), BRFEERK
LED BHRLGMER KL, BRWCHEASATHL T A4 BHAAR LED
WA, TRE®EM. BEH LED WahA a7 K& LED KL%

T ERILAHEF, BRREMRRBERANEAE. RERRTHAFE,
BETREENREN, AN KIERKEBE B, 481 LED KRk
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B F R RER AR

B R,
2.5 NG

B —HENEH SR RERF, 28 pn SHN, ERFER, B
FRERES, BEUATHRABRL, REKHEIEMEHEHRERE.
EHBURE K LED # X E & LED N#4#A#i#0 LED M lwit.

Bt LED iR %1% E)% LED M— A EEHT, BXRE LED HRE.
HFE. RBE. —BHEUREBEILES . HEREAN LED MHEELTRE
B, BABRETS. BETRRT. #HEEHRTE. MRIERE, AERt
AR EE/HE—S TR HLIAX LED MR FEFARRENZ B
Ak, ZRIBA. BE. TZEHFEMNER, ARBEREASN X BX
H.

LED = AR A — /N XE B, DRFEEFEL NG, Biixt
BRLHEARBNRE. T LED R RATENMRRKE, SENEHFR
HEREIMK, WEHIZ LED thReHXB B BIM R, HEEALIRNS
73°F, BEFS LED i\ 18 Fi HE BRI i 1o R 4 — — MR
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$=F AN LED HET ZHAEEN

¥=% AXLED HEIZMEFEM

3 KRS IERE

$4EP (Monte Carlo) FER—MET “SEHE” WtEHE. X—HiE
REZSHRFEAMEBERN, CHNEEEREZENTMALERLRE
(J.Von Neumann 1903—1957) ), @iFZrkmit EEER K, MEHEHR
FiHEN, FAENEEREETF IR, FHERSKE R REE Monte Carlo
FERTH . BEE 20 4D 40 ERBFHENMER, HHEAREGER T
HHEHBL, Monte Carllo FEHEFREHSIREAEN, NAAHZ.

FREDHERT AN B EERER. UBELTER D EM, KE
A¥er, BdtENSEENRRR—BEERRETER BRI RE 2 AR
W, WFEM—A EY, REALRKEINNOMERNE®L MRS, KiEBIE
EHPEENER. BERRNMEE, RERTREAPEE, SERTHEH,
SREGHER,

GHEREARBETUXERR: SHTFE—FH, TURRREH =fx1,
x2...xk), x1, x2..xk AEHFHMENETR, & 2150, BHRE, FUEHARE.
BRITE AN 2 a0, Bl ENNSSRE R EREILKEARE
MU —A%0E x1, x2..xk, RABHFREFBRRHE 21, BN KZHFHR
¥ BIEHNEE z —ARE: 21.2...2k EEPEMA 20, 4 Noowhf, 1§
EANERZEFRENBR P=-MN. figz, BXNFHHRERIMEFEE
R EMTT AR,

HFEZRLABTUREZAEHNREST, FRA-ARENBEHERE
&, SR EBEAERBLHRFHEHNZRMET TR, ERENAR
REUE RIS, 4 4BHEEFLNER. BETENNTEEENRE, £
FEUE % B HBIRARA T B, R R T RES B ATARFES TP Z KA.

R BENZ ORI R ERENLREE, REIERMAERARE ERT
BEMERYER, @ERENES MRS SN 9 A RIBELE
RAEIER, TitEHA NN RES — e EEr MR, XLEpEH
¥AZRELHFERAXBEN, MABIBHHEUTETERZM 4N




FRRE IR

WAENE, XRFERMEDYIENERBE S BRI, P&
BB S AAEOEIS, RUIKBNHENTEERS, TANERHEHN
AN ST BE R 7

LY TR EE R p(x), RRSARE POKIBEIFS Xa TS, FW
TRARA:

P(x)= f p(t)dt G-1)

Hebakh X, XETR, B Px)E©O,)IIFENNSIFF, BidKE PRI
RE AT BEZ p(x)2 A HIFENFF x:

x=p(¢),¢ €(0,)) (3-2)

2.3 BABB SN RHBENUFS], %R E KRR T BRI R
Frol. MRIBREN= AR B RIRE, MRTENEEERRERMEN T,
MAAFERARFEERY, HBILRE: DREARRFERMLN LT, U
WHZRAREER, BRI, XBRRE TROSORATHRNT B
fi. ATLIEZ, 7 Max(p(x)) LRIEHER, PILZE x ERE BRI EE
%, MNKZE x LHERD,

3.2 A3 LED H#H& &M £ THEH

321 REMERHAFREMIEZEIE

AFEFARET AR, SBELFORHE. 75, RERIE TR
5. R, TOERBRRFET R SFEF. FEZEEHTEERATAER
KMEFRENREMRY, KEREHREENIERTAAREEL. HTRE
FEFTEDONR, RAT - MAENZERREARD, GRARBREMR
MR TFEXA— AT ERREE, FREATESH HPEEATEN
& (x,y,2) « BAHRE (4,4, £.) E W. XFEINERNATEFAFH
HE, RAETENGBNES 1, BRI HAATENRNERREHETE.
BEETFRECRIEY, FENRMARERS, ROECKBRAE N RRLHE.
KFRERHTRAER, SRR EREREABR MR EHRE. &
HEERE, A, ENRERETATEERIEFHEF FEEHAER
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F=F [ LED HETLZMEFEN

R FEMBEAH R AR, A FEBRTRBNE, RERERTH,
FEEATEMAR: BRAHREERN, —ERERIFATE, Hamg
EHREBZ.

FRRTERBATHAEEFTUT AN SR:

LHEAS A REEFANNGEE, NZLTFENEHLE. BATR
R, HEME;

LIERTFEMENEHE, FREATEEFORBRRIEE N7 AR E.
R FNE;

IWEATFAEMREARERHPFHE, ATFENEHTTRABINE,

4HABATFERTHHE B BZAE, BRUEHF EBZRNATERESH,
FERMZTAMRE, BTUALHERZETE, HAATFERENTRE R
FER, BEREMRATIETARENT, MENTNLR AT EHR
o

STERTE, BEIFRAMATRRETYE, CXAEHHIEaZ RS
B2%, FHEBEIHESH,

322 HEH A FENHAENTERE

BTFAFELFRENEA - MY S, BLEYE, FUETE
B 5 A B AT DA S BE AL BE N R R A FE IR S E. TRP
ff) GaN #3% LED & & % 1*1mm’® (E6UE, HRBAANBEBAI A, 6

1=1,cos60 (3-3)
LEBIRSE: I H5E4HAROBHNE

Ak, RFABMARS AHFEINM M, FEELENIBNSHERE
KRS . WERPATEM NIRRT, SAERTTH R A h 3
fanfi, TAHBANMERT R A 0 FBEREE 2 A RN p(8)=cos(6)/2,
Rt

P(x) = f,%cos(ﬂ)dﬂ (3-4)

KAE P(x)HIE R AT BEIHR p0)2 miIBENLFFI0, B

19



BT RHRER 2R

cosf=\1-(2e£-17,£€(0,1) (3-5)
bt AR A
F—HXFE, HKFH RS ENEETSEIE, BmFERs,
FH 5 A K7 18 1 B E A R G-5) RS E 2.
GaN B0 F R L ERE (30m £4) BEERISFNS, Loy
A 0 S F B0 R MoRk ,

Eh)= patah (3-6)

e

o BEREEE, B REkiked, BLRESHERDSLRRERE
fLk. FIERA LR T EREFEAR (G-6) KIEHIREHLES, s ik
TRENGERE,

323 A FERIBEN B Rig

BEXFEMMRSHEE, ATFAREBRNGREMER, IATEEATL
REE, —ELEEFRARBRRENE, FHRATRNEERR. BATE
S5RICHBARERRRER, A FEERNERECDETHELE. BTR
KMBRETO BT RBENSAR, RFHEERRAEREMYE, BitT
(RIBENL B BARI R AT B4 R B AR LT 6 B iR K LR A U RN .

EMEHENDEGERse(0,0], HAEERRE Y HEXTURY, &
(s,s"+ds") TSR A AP K EREMEERBILENR:

_ —dP{s>s'}

4= Piszsas’ G
Bidxt ' FEXE (0,5,) B, BE—MEHSA
dP{s 25"} = exp(~445) (3-8)
FrARERR B 2R B Hi R K
dP{s <s'}=1-exp(-4s,) (3-9)

K-S RN REKUBRIGRY, GEAREHRLE AN

20




$=F A LED HRIZHX¥EHN

HLBE hiE:

5= 2020 £c o) (3-10)

t

U FREART —A B hBZ B LIRIA:

x'=x+us

V'=y+us (3-11)
Z'=z+us

3.2.4 IR AN BI SRR

kFEERT-NEHER, 5T VOLRBRREE, —Bo 8 RAME
5, BHoEH, FROBSETEERUATCHS . SR BHEN
s —HA™, Bk FaRRERKANES, LNERNREER, RN
A2 EE, FGFAE RN TR RS T EXN AT RMONEN LR [
EHNE.

1 RERRATENE

KFAERAMRE, Kb TFRANERE—EH WA EERBET
AREW, FREREHETFEEW,, S B M RRE w4, (1) TSR
¥ () RE, BESETFEREETREDER, MERERETERT,
7 B SR B A HDE TR

AU LT ENE:

wo=w-—LA (-12)
’ H(A) + p, (D)

HTF AR HHHF AT BINE

_AA) (3-13)

W, = -
Sl ayryor

n ARAR AU E

2. R TFAMNERTHA
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BRI 2R

BRI FERR R EFOATE, L FEUMERAEEILES,
ik, TRANSENE, BHSEFLTFRNERTRA.

ARERATEERABERETEN, TEXNRERONMBA o #TRT
HEE, KA oel0,7], ¢el0,27], fR¥ARZILES T B Henyey F Grenstein
B R A B R R A,

1- g2
) = 3-14
p(cos(8)) 21+ gz ~2gc0s 9)3/2 ( )

AFH g AR MREET, FTREARELNTFHE, HRNEEEE1 81
ZIE. HEH 0K, RoRHSIHEGIRERE 02 n WHENHINE, SHEHR-1
R RIRN G AU R, HER 1 RN SR A AT R B R .

LUBER T AR 7R cos :

Lorg 28 pyge0
cosf=12g 1-g+2g& "’ (3-15)
2-1,g=0
HTEHR Ao, 70327 BEREAR N
0 =275, €(0,1) (3-16)

B R ORI o, T HAEET AR BT U
FEMARHH;

_ _sinf
L 2

1-p,
,_ sind
x | 2

—~ 4.
p.'==-sinfcosp\1- . + u_ cosé

(4 pt. cos@— pu, sin @)+ p, cosd

(p,p.cosp+ p, sing)+ p, cosd (3-17)

UHFEEHHE | |>0999 B, EXELH:
U, =sinfcosp
U, =sinfcosg (3-18)
4. =*cos, . >O0BUE; u OB




F=% A LED #ETZHRFEM

I TFRERRZL

AFEERARMES, BEHOETEAERIRERE, HREKLETE
— 52 LBIBR R AT R TR, YAG:C RBM RO R 5
& 3-1 FiR®), HRBUEE K 460nn 724, 5 GaN A & B K
Y&, BREEKNHRTLERT LED MRMER. ZRENZEBKRET4
W K 7E 550nm /2 A ) B A i, 120k 5 LED R MEDR B RSB R B k.

0.50
0.45 054
0.40
0.351

gﬁ 0.30

S 025

E 0.204

0.151

0.6+

0.44

Xy

0.24

0.10 0.04
0.05

w00 450 s 600 350 400 450 500550 600 650 700 750 800

% K
(Q)YAG:Ce™ (IR itis 2% (b)YAG: Ce*'fikatits
B 3-1.YAG: Ce™ M, R4fitis

SITREM R, BRI RERATEN), REFRRNFE
I RBU R BB REOLLE, RPN AR EEKEX, RARER
HERUHRRMLER m. REFOROREELX BRI ISRE, %R EHE
ARER AL, HRREEARRKARR RS HUE R B E,
ZHEEAR FEEFOREERS, TREETESESEIATRLE . Rk
FIXES A TFEBRBARRRERFTETEY, FATENARLIRNEK
SHfgE, RIEFORHRIEXZBI— MR, FAFLTFEARNMK
FHMME, BT BRI IENBRRITE, FrTFEBEIRE
KGR, BFUSBIANTORTRE. KHELTE 3-2 Frw.
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BRI LA
B R yaGCeRBp ARSI T

T R R SR

- ~

AR

R R T T

[PPT LM L 1 ! L Loneess,
e TTTm . B 50° 600 . 654 - ¢ .. 0 78R . 8OO
&i’:(nm) s
i d sl aat

PR A PR : P
FE TIPSO DU e A s ot e A S e B D T B

A 3-2 P B YAG: Ce“a@fcmmum BAH
3.2.5 AT ERR S5

EN—FAFFHFATHEARNZ RN RF, ENMRRAREET RS
4. 1RIE Fresnel RETEE, REER:

R=l n, cos 6, —n, cosé, 2, n, cosf, - nlcosﬂz)] (3-19)
2 "n cosb +n,cosb, n, cos @, +n, cos b,
e 6 A6, R AN ARFH A 0 8 0 HFUINGH A BT RA FRHT
HE,
EFREFERTRERS, BOaRESH, ATEE—EHHIARAR
FATE, BERAFATFENE:
Wr=W+R (3-20)

BESEEFENE:
Wt=Wx(1-R) (3-21)

R, 2dRAMEHOATENERTARET IR, RATENKE
RN E R e, NMROELEMERE, REXKBLEEDL, FHEHPEL
FE e, LBz panETEs FAHEEH.




$=% G LED HET M FER

- 3 s

b=a-2aec)xc (3-22)
=M @r(avc) ,1+ R 1ed) (3-23)
T (m(as )y’

3.2.6 X FEEEMAL

EEMERET, AHHERSARATFIRE, —BRATELEZRR
5. it BOHERAMS R ABERT, BEETANEISHIERTR, &
WA EMRE: —RATENRENMTE-REMEN, BURPRRAENTIE
DIk e HATHT, ZETERE Un HLERE, MRRHTCULEONE
Tl —MEE m, HHHONESD nW, SEREZETE, BU, EHNER
SFRINE, BEATFRU-HBAENFRNE, PMrERROTE, R
RTRMRBERRERT . Bht, —MEFEMREIERERT, BEF
PR TR TFENRE, MEEKEE, BIRFMETRERERS, Hid
FFHRETESH.

3.2.7 HET R RS EITE

MY LED ft e BT EAR. LER. 644G, AR, 2RSS TH
BIREBTEH T EREEEBH .

LEEEMTE

KBRS ANALEREXNMEEREETEEA M EERN:

@:&ﬁf5n¢1 (3-24)

LK, =6831n/v, P RNEHIEN, v, AR,

TG K ML ZBECNN, HEX 1, BRI KA ANNE, B
BSR4 M), BEAR:
n(d)ehec

(===

(3-25)

h A EBARES, c ANE

BIM B KEAIE, SIANAREHY,, RELK G-29) BHEANT LA
REA LR .

25




BB F A8 3C

2. AR RN BRI T E

BAGE CIE (ERBHZRR) REMNRERE. X TARAELR KA,
BT ENRSHFHERERALARNGIE. MIETRELRER, AN
BALH=HEERE—ELHABRATR, CIE AEX=ZMEERKXDH N
700. 00nm FIZL Y6, 546. 1nm F)%5%, 435.8nm B RHREA=HE. I TET
W, MET XYZRZ, HE CE 1931 BEEH ), y(A), 2(2), (XHEL
Y, ETUEAGANT 4° HER) BOLIRAM XL a2 P(4) AT AR
HEELFR xyz PRFEF=REE X, Y. Z:

X= j E(A)x(A)dA=Y E(D)x(A)A4
Y= IE(A);(A)dA=ZE(A);(A)M (3-26)
Z= IE(A)E(Z)M =3 E(D)z(A)A4

KR CIE 1931 B E ER B4R

x=X/(X+Y+2Z)
y=Y/(X+Y+2) (3-27)
z2=Z2/(X+Y+2)

BRENBEREN—FERAE, YAERREMENHREEREEE—R
ETHHEHRAN, X—EEREERNZEENRERE, RRER C), 80
A K. ARBERRENACEUECEE ERB—FITEIE, BRAFBEHN
. PEEFHERE AR, 98T%) MREEHEER ES5RASTHF. T
— BB EA—EREZANE L, RERAMXCERERR, XK
EHIASEAAR—BE FTHREREE, RGN EERNZLERAR
KR,

BREMABENRERE, KRG, BREFEENHRARL RAIRE,
A FZEZ RKRERATLE. FREEKNEES ANBERR, BB,
ARERAFETUBARMBANE, Eit, AREAREN - EERESY,
TEGH T BEN M EARP,

m=(x-0.3320)/(y-0.1858) x , y hEEAHE
T=-437Tm’+3601m’-6861m+5514.31 (3-28)

26




$£=%F A LED #HEI ZHteE

33 R FEMEME RO

3.3.1 3T ST E X L AT Z NG

REH B EN N, REREOFF R, W 3-3Fix, BAEAA
wick, ERAERERNNEN, BTEAFENAFARRN T, AN AEE
¥, BRESRSY, BRSEGHABHAEE SRR BRI
ERERREE, RIFRESRSOASARAERA 0c, RN 20, MEERTR N
LED M3 B4k, 6, Snell R4 HP,

8.(n,,n,) =sin" () (3-29)

BB KIE A 0c, B EEH H LB R, SLLAUE KRk BRst,
WS B RE TS 2. 2001 4, £E Lumileds A& % 5EXH T AllnGaN # LED
BEESEBAR, WEEABERWE, FHEE L8 AR, WMATHEHEA,
BRTERESMSIEMBMER, SETRET SRR, FRRAT
WA R, SPEFREX 21%. ThBEEHBFRIE 20%, B AIHEE 400mw, F{4HT
BRI RN 1. 6 9,

BAR BT BB, AR, RRKBERT bE
£, MAFHERNETHFE A b0, RAESRIEH RN, BHE
BT ER 1, ARGTERENEE, FIRFEERENEPEZRRS.
S E A RS B B A . R E R RDURE, HEPMA TR EHE,
BTN BN EREHE N ERBE LN ERTER, W 33 Ffir, ZHE
KEFEEFSHREHNRE, TRERLCTEREREBERNPL, KBSHHHAS
ReEL RS, KBERST AHHEGE,

THEEME 3-3 FIRRTEREEH, E 2 U RBRER AR,
BHBE: SR ERHMEGERR, RAREEWCHERE, &5 AMMETEHE
ANERBE, EHBEHROEERITHE 141, REHEOIHE 1.53, EilE
Bk 3-1 Fim. MAGEBEET, FESHMEBRNEWEHMETFENER
%, BUEARKEATEERD, B, RETHHNFEXR, FHTRL
WRERETFHS, EXTRRAERECHHEENBEARMRTHESH, B
RETHEAER S, SHOEHBGEMAR, fmEs SR REHBEL
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HFRHEAFER AR

EHEBARREY, TRBENRERARSERSARTFEESH. BHER
REsRPE R RANTHERD, BEZRERARETHEHAT. ERER
R, BEFIASASARETORERRE, EREHTEFAS—BER
HE, FUSASHOATENSBERLS, BRRFERRE.

FAEMEREERER, ATEEZNTOURETHE, ®WD TR
RHZREGT BECEREDEHFE, RtED TATRRSES A HLE, ]
KB LR TERAEMRY, R8T BdEtETUAY, BRE
M R, SCRMBR R, LERENITHESTORE NN R
B, JeHBURRE.

HEMARATUBLER: T%8 LED THIAMEHM, M LED #E&HA
BE, RAEMBEOFFEEK, RMHRERER: FREERHER—FHEN
HE, BABELEETMHIEE. RIFEAR G-20) ¥HHERNEREr &
W2 3-30 ANATF HBFEATIHARES RS, HRHMBURRR.

| r>“\/3=§“,mrc:m& (3-30)

# 3- 1. AR B LED RAUSR

BREAT | BB | G455k v) MR | AT | &S AR

A% 50000 i X FEH

EESHM[5042 |(0.345, 0.361) |2.6293 18996 21768
# B W
(ns=2.42)

B35 Fin | 5088 | (0.343,0.357) 2.4346 17698 23058
# B B
(ns=1.8)

FEESHEK (5027 |(0.345, 0.361) 1.671 12068 28430

m# % "
(ns=2.42)

EES KX 5013 | (0.309,0.358) 1.5644 11343 29142

mi#E % e
(ns=1.8)
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#=%F % LED HETZHAFEN

=R
0i
B R
33 FHREHESHWE

332 ARIHELEHILBEENZ M

HEERSAMMAREEXNYEE, W FNEAON LED, BXNER
BARELERLEED, AREARARMERT, LERAFAFTHY. &
THBEF AR ENEES S, SUTRTMEEHAIERARMAN,
BHAEE, #HTARMLE. TAFNEMEENARIE. REFHGREL
ERENMBEREL S RN, ERNMGRESE: BRNELTEH 5
Ty SHSER 243, BEERBROTHEY 1.53; RRFANRSARER
5, WA RSB RS2 BRI

B 3-4 HEMARE T ZEE 5000K 24 K A EHA R, BUNERER:
REFORHER 1B, SARIEHMETEREBHERE T 57%, MHSH
BRI TR B 4.6%; BRFERELEBINBFATHRSNER
FFH 38%, BSH TR AL TH G BEH 38%, BXHAARENE; Kk
REBERELEHHIMATHEBNERRTHE 71%, S REEETFH
R 1%. TS A 36T R R FHSRE TSR REK,
R R AR R RE T HABRIZ.

FERATME -5 iR, BRIZHARAMBERE L ZNFAREEMRLL
GREERELENRAMEARKNE, LEEBMNRHE, KBIREES
B RHRBREFTHN B HZE, TREFERELZB2H05O00EER
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BT AR E AR

5HAER—8, REXLBLITHRERFAFTRENBEZRE, WHH
SHE —EHRBBER, REHIRIR RS EE S B A A BEE AR R
HPEEAE, ERTRENSR. A5 XhFeh ERALHNTREEZR
§, MEANSCHREXREAERRELRS, FUEANSARATETHAHA
F. NERIZRRBEZEHEEAPHETFRBIAE, THAKEKIERK
Big EAKD, EAREBHABSRREER—EHNHRE, BLEHtTe
BB R R S L EAFR A, HTREFERELERH, LhRHHE
THERTEUER, WLHEABEKTEULER.

HTREFRRELEFPATFEAREFH LR, REHEATAEL RS
HRHEEENBHEZE, SPBEIATF-REL—RRAEHAZBHEER,
RS RE RN EE MBS, WAIARLIEF RIS BB RAH
FREFA LS E B EZES, BUERFFHRHBEIRAFTEFEREX
EE, 36 fin, MERSFORNETR, XFAMIZHBHEXLED &
FMREFER, BXBFEREERLS, Bk, REFHRNENZRRHTZHE
FMERHY, TUBHER: KAEBATRZIRHAZRRSEHAZBHZE
B, RETAERGTRBATER ML E.

RRTE

(= B e




F=F AN LED #HET ZMAFEM

RYFEREIL

25
35 ™ r- —

r——ﬁﬁ%ﬂ _|
{i 'MW&uﬁ%&%%ﬁ_

BERANBRBTE

HA
o 35 P R D S 0

Eiibip Rt

3% 450 500 550 600 650
K (hm)

B 34.=FRE T EM AR A

* » A 4 o0

(b) AT E () RAM B eR) 241

® 3-5. = S HRP g AR EE
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BT RBRER L EAIB

sod| ——H KR I Z
]| —a—Remote phosphorL. ¥

''''''''''''''

B 3-6. AT R IR IR

BRBREUARTEERNERFER, BT UNUE RN S ISR
X RGP ERE TERERBK, TR 23 7 B T ER R
Ko BEEFTEREFTREFEDOXEAFNEER, KASERHETZMARMH
RUTRER AN,

3.33 WX AEX RN

NTEEHANRARE, FRAMES A, ERARETHERRZERR,
BIMAXNTRERERSERIER, TEARMNIEREEERT, 455
HEHREREERA 00, 30° 45°, 60°, 90°KBEIMEXERMTERTE., Bl
ZRWA -7 fin, ARABELHBINBRERBX, REET, NTHRAE
BHRARE, FRAENHSIERENEPERNBRAR. N TEHHH
X, ERABETHERBEEE HTFRERE. HHHNLERAD, FHichst
BXPHEAERES, HSEEAL, SAFHAERERETHERK
BEK, BXSREHPHAERLERK, FUESHERETIRREEK
HEN, BEABANAXFEASEAMLEIRD, BREZRED. T LED fE4
R, FEEFEHSHS, FRLHAEMREI TR EE K EE G
A8, FHARMNBHZEEHIHRE.
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$=%F Bk LED HETZRMFED

5200 -
(0.3382,0.3491)

(0.3452,0.3648)

2
s

&
8

:

(0.3594,0.3854)

A3 (K)

L

:

(0.3827, 0.4210)

T T T —~— T

o 1 2 B 4 50 60
SE A ()

B 37 Bk AR S A EIRM X R
334 BHEENAMRENENAALT B &I

W AP E AR RN N —EXRERA, TRLEZR
BARESR, BUHERE-RREFERESN, STEESNNIR
BHAXZRESDESRERE. 855 100 TMAETFE, KEHEEE
30pm, EREBLUEETICH B MBS Smm. BEEFOUERENRS, T8
AMABEY 1mm WERFRE, 43140t HEX\MKRKEED R EAE, 6
BAOTWIE 3-8 iR, PORRO<cNBERBURK, BERMS, BT
SAXFRERBSAA—B, POKENERERRR, FHERNEERE
Wb, GERE TABRAECONERZLETSR ETHES REET
HEREM B R, TEh L TEBE RBHN T EENIHR
KRB, HAHERTEAEL, FUARNEXRELRX, FUERREE.
EARENEEME 39 Fir, HRT x 847, y SRELRK, HIREREN
9,=0035, 8,=0057, FRAKFEALFHEZHEEARK, AHIHRE, MLl
HRMEEH FRFBIEARNYSE, RITCERLES, TARENREENX
HFE R, QEAENE, B REAR X R RN R R .
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B R KER L FAIE

1x10*
1x10*
ox10° 4

£ 10’

i

& 7407

AIxF

5x10°
\l\
S

4x10°4 g

T

v 1 v 1 M 1 v | v ¥ M ] v

T
2 3 4 § 6 7 8 9 10

R bR (mm)

M
0 1

B 3-8 L RAN R R AE K iR

046

I o xt 5
0444 & yAL 5 A

0.42 -

0.38 [
g 0.36 . L4
¥ 034 )
g 0.324 s
0.30

0.28 4

0.26 4

q
]
)

d

)
-

~
w

3.9 REIR ML B BB AT :
3.4 g5

AERANBTETREFFEMNB LED 4, BRI EAR 4
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B=F FELED #HET ZRLEEN

MM Bt LED M etihe, MU ARBET SRS, HERZ MR
FERE, BdRRRHAANEERTEEELR. HANKHE, BH
AEBKBERE AT REFRERERERFERELERMNEER
%, MRHEFHREEREMARLZAREMEZRELZHBNERERER;

S AR EARMEMAE. BARLEEBH: BT LED MABRIHANT,
MG REEHANFERERIINAREZAEHIHKREE, EXEATHEA
W, BAERE R EBRES LED XBAELER. ETX—HALR, #ill—
HENBRETLS, SHFEMSEERES LED ERMICE, 3T At LED K
FREHSHRE, AANITELRAFREURERET —EPRAER.
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BT AL HAR X

FOE BRAMARLIZRERES A

4.1 A3k LED BIJLMR Az BEH

(a) Al L2

YL k2 LS (©) KA BETHIELS
4-1.KTh# LED F=FHHETERER

YRR EE A% LED MEER]R, MEE LED SHRAKE-EX
GBI, X ERERSE, RARIK, ®ALH LED HE XXA. dFAX
LED i {#%, LED M HtBR T/ ZXE, RETEMHRARMBRETLE,
B ARE. BRE. BKIIRE. JUBE. $Hmiis.

B, ¥BRAGENAKIE, WE 4-1@FR, BRAMESRITH R
RIERERYIE, XFARBRNERSRTHAERREKAE, EdAELERRK
IBE. HTFREIHIZHREASER, REMEREARSHS, BREHHTR
FERAMERAMRERDSSBAXTREHINRE, FRARBREH. |
mFHBERR, BAT HEXAZEHE R BN LED.

ETRRIZHEL M, Lumileds AR ERRE T FHRERELEH
(Conformal coating)f & 4-1b)fT7~, ZLEBEMMEEENS, BRELHE
B3, RENRRTARIZHANNE, ZETZREHIE. BHTFRE
REZWEFRE, AEETRUS R ATREES A ARERE, BE
THAENE, ARAENRFELESEER BETERFOARBTRE, FAF
RERERL, WEETSHHES.
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SNE BERAMBREL LMD

B%& A% A% LED $#EMEATR, BE T RANBTHRESH(Remote
phosphor coating) i B 4-1(c)fT 7, Z L BN K LM BEHEARE, RO T H
B, B R ERR G RAFERREERES, #ETAKF
FIR, #THRsE T iRt

B 4-1 Pirt=REHE BRI ABRAT ZHRMRESH, BENTIE
SRFTRIREHSHE, B 4170 ARTZELRREB KL LED &%
RKIEFA, AL S0 A. AKX LED HEGE, M FHRELIZM
THEEFAMRE LSRN RS, AXRE T —HHHRRELREREF
HREMZEEREMRELSH, REEHARETXHFANA.

42 BFABMRBRARNBSKABAEIZNGIA

B E—EHERLERBH, LED MHEETERARTRNRES A X
LED Mt aemBmER K, NARTEIPERELEHBIRANBEZRES
#3, B¢ LED BIRMUA R EHSHB R T RANSE, LPRIRBERETE,
EXM. HASEHEHRTHAMLE, X~ AEESTEPBIRIESY. T
HEFEFRMRE LT s 500 2 8 JL AT 4 MR sk LI RO T L AT
R, ERENESHEIMERRNEE, WA 42 Fim.

@BZ XK FHIRESH bR EINHERESEH
B 42 RFLASGHEOEHE LED REXYA

R, XRREHKSHABRRUE, ROPRARBNIZLATR, £
HRZREYSEHE, —ERNEGH% LED USRI, 7% T+ 8
TEHRMEGRT ZAE, MERKEAREY. ARNBRREAABMELSS
HiaE, AXRE—MHFHRANBERELENEATE—ETREHERA
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BT R F I AR

BROREMBEZRELE. ZLEMUEEAT R ENRZEM, ®HT LED
GHAEMREEGRE, 58T RORENERRE, FANARLENRERER
BEREXRAENMFR, MUZRTEXEETE, MARS T EXNZRE

43 BT KBEMBARMABRIZHIMAR

ZIERETHRENTHRELZ, RARZEE(PVA EREREADC)
MEERAER, HH PVA AREER, ADC HEH, PVA 5 ADC #&—E HuBiR
ERABRKE, 5RAMBERENE, KARKKAE, & LED HHRE
B—BRERBAEANTNE, B E/IREH BN BB FER
B4 . TERENE 4-3 Fiy, @id LED B BT & B xt B & A
R ERE, BABIMRAREENESHRE, KBRAHEIELIELH
HUIR, BE—CEERNRERE, IR ZHE R bRt F MR ER
B, RFEEAFBHRARENER, RERIERLRNEMBEEER—EBE
R A LED EE 3 —3.

1b 1d

K 4-3. 5 F AR REF R R AR EREE
1. #E 2. PXEfk 3. NX#HIR 4, LEDGH 5. KAHEk
6. BHKE 7. EEFENRARE 8. FEKNELERE.
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BNE BETANRELERMRNT

BT Z5—RIMEENRHZET, BRETEMFIA. BT LED HELER,
KEAGRHE, BEHREEEER, EATROLS, B, BESHRE
MR EEE - ERIERANAXZ RSN, X—REL-FEHR
Bt ARBE TRIE. EMex—AE, B-NTERRIRENEES
LED MI%BAM AL, ETX—BH, SaAARERHET ABATE. KA
TS, SARNEE RN ARRRERE, HLARNELNE, BE
SRR AE. HERERATH RHENERER BB AL, BUTTRE
Tk, BEEABHANRE CEATR) ARERERE, HBERHHK
B CEARINE) RANERSHE, FRRORE (BIRES) BAEFE, %
BT FRMEEES LED MRBMEIE, RiE T 58 EARKE Bk i H R
ERMELH—B, RABELRETARKZ RS,

EAEENE, THERLXRETRLKIMERE. EAXRELAZER
EfistEemnBERg RRERENBREKASESR LED AR
K, WREHEAAAEREIILT ZAAR.

43.1 FHFEH R RIEIEKE

E—HhESRATZTENEHHHNER, LRFPRIRARZER. E
BRI, EHMELRE. BRSO R ARE A, TEN —EEERMHRER
N EEFTHANA.

1L RLGE

RZAEAAEAER. ERERFREE, B, K, FHEE 149~1.52
20, ABRE 02w/(mK), EABHEEES, BEAKTER, KRS
WRERK, ELERETANEN. BXhmEERCAREREE, LR,

NaOH
{cm—q%—} + nCH,OH —-——r](‘CH—C}g) + 1OH,COCH,
0COCH, 0B \om

BREARNE AR, S REREK, BREKH PVA KEBHERX,
FUBE R AR IR, EKREME. RBREMHKETR. 4T PVA S
R, et T BRI AR B, BRI R BB, BB
REATEARR AR AR LR, FEEARNNRETE, FUBEN
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BT R KM EAR

BRI EE R BRI

2LERRE

ERMERBAGEMLRENINR, SBTKNZE, R—HEEVH, B
REREFRAZMEET, BAREMME, 04%H ADC KEHK) PH HA 4.22.
KBS, FECrLOr  HCrO; ,CrOF ZR4E BT, FEXBILRNR, RER
F HCrO; KWk . B 4-4 35 ADC By, ool IF 1795 78 UV HLiR (i
{H K2 3650m) BLIEVEE A, NRAZBELEREEE UV LBEHATAE
BT HREMN. EHEHXR (4 460nm) HEF —EHRE, XIEFE5EX LED 54
REHEHEER K, BTLUHER LED B 1 B 8 Kbk R, ERRK
i#fEFH3E 460nm, FTUL ADC HARZLEMBREEE, BEMRTUEEAT
5 PVA RENXUFERN, 1F PVA XK,

|

s L —t 1 1 2 1 i
300 35 400 450 500 55 600 650 700 750

# ¥ (nm)
& 4-4. ADC HR it 2%

3 RSB

ROE R ETRY . B, HIIRMA. BRSAR, Bl —eky
RIMERS, ERSHMERERGTRES, Kf SETELMNEE. BF LED
HrRSMELER, ERIMRAERE. WRHEURBERATHE,

SRPRANBLERAEREL PVA R ADC AR &S BEIH, HELREWTF.
—HAh, ERREITENRGABEUHRNSFSET, B ADC & UV
HRHT, RERERRRN, RNEETUNT RS

cr s cr*




FNE BETNBRETE RN

7 UV RER, PVA XS TFHREBARERAMEE T EURRE, REDS
BT,

<e — CHy~ CH — CH, — H CHy— — Ny e — CHy CH — CH, ~C—CHy—

H OH

KI5, WERR A% BT SHAILE PVA KA FRRAFET AL
FIR4H. PVA 51 ADC ML R AT A,
ww — CH;~ CH — CH, — CH —CH,~ ~~ +Cr®
oH o

v o CH~CH-CH,~C— CH— — +C**

I I
OH o)

= — CHy~ CH — CH, —=C— CHp—

Vel
T
—— CHy— CH — CH, —C ~ CHp— —

432 LR TERRE

302 ko B B B RROR R R AR (LR~ BT CHBITE I 460nm £ )+
ZEFAMBH (BHF. 28H%) AR BRRBETHLE, B GaN K
KA RRFERARBN AR ERAAE RN XK ENETKHREY, £H
Kb EF, BEKBHMRERNBEABRT KD, BERAMHORSDRRE

THHREK E, BRAERTEEARR—BMER. BT PVA 5 ADC ARk
KRR AR R 460nm YK X F BERARMIE, T GaN BT LED & A BB K i
8% 460nm. FARATKASH RO ERERE, TREXAERLOESS
Bk, XHEERETERZERENTEMER, T TETBLHERERRER
B, XEETHBER, fkTIERE, RERESRUOT:

1.EC%| PVA B

PVA M EEMARTR, T KEBERA LA, MHAERERN PVA RE
FH#K, FreLRBERKF RS G, KRPAZIN PVA K 10%. R~
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BT RBRER L E AR

REKPVARK, FMATEAEFNERTFK, BE 24 Mo, FERESEK.
# PVA AIKHREYWET 0CHERKBPRAMEILAR, HEKBPREF 1
M, BERELBRE, BERHEER, BMIRIESREBBETHKSY
fEE, BMRIEACHIHI PVA IREH 10%.

2. BB

ERME T HGFREBRR ADC £&8h, MA—EHANEEFREER
8. ADCRETHETK, BHERLE, AXPRAKRER 0.1%8 ADC #H,
WECHFH ADC 5 PVA B—EBIRE, HRARABIENRLRE. hTR
SRR R AR, FHit, FARRESKNER, —KRAHAE. RCRA
HBIERH PVA 5 ADC BIELBIH 2%:0.02%.

EHIR AR

BRI —ERERRAEBEANCERHFORAR P, REBLEE H
RGBSR ASRLE, BIORTFENEFBOLRENTO K E R M.

4 R E '

ECRROEN —EREE—ENENKRE, BHRERERESTHEH,
KPR EREE R RS BBAETT LSRR Rt a] DU A BB, Sk
KPRAMERA Imm.

5 WW TR

KBERI MK FEERES R4 PRELIHSRRE L, BRERE
EEEX, EERBEEHETAT.

6.ERAFER

KRR S R AR B, HESOCHKEBTER. X—%
REAT SNBSS, BEME EAET LED FEH, BRERENNERE,
BELRARRERENE, FRBHBENEARERE. BEXEAK, Th
E iR BRI K2R, TRBANEKE, REnENEEHISTL,
BERAMEVEEALS; BAAEKD, LED FEETHE, REMGEEET
NERER, BENRRNERES LED BT EITE . B 8 f 2 7
KAENRFEAEM SRR, EEEFUREZRE, HRERER
B, ERREREEBAREEHNEKBHNERRLIRN, EXRNEB/EEY
i, BABSSRBEABINKBEREREKR, FHVEREEE, THERLH
BEMENBREARSHE: EpnadkEIRBRERE, dETRERER L,
FHAREREAMMAFE,
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FNE BERANBRELZRIEREI T

BHB 6 MK RTRETE, ETRMTTREEN RERENHE
il

l
\
‘ 7.J5 B
|
\
|
\ 4.4 HEHRRIEED

441 FITHEMYR

M 4-5 Fim, LRPRAMANGHRTEEN, SASHRRNEET
1 %, B 45N ARTE, MR LERENERAR, FtRyamAFRER
\ B, BAMEREE—ENRE, REBEEE Inm; B 4-50) N RETFER
| B, %EMERAGELENER B 450NRSRERRRELH, %L
KR B EE R E, EEEARE lmm BAE.

()RR 4 OREFERE

() RIEBBTRE
B 4-5 AR LIS E L ERM AKX LED H3viE

43



RFMBEXERLEARX

442 BIBEMTNERRERIFM

ELRTAN B ESABRMLE, #FEEIBRRERIRENEE,
BEERRIEF TZFRARBRETRINENERL. X TXEGLE LED, %
HREHEFEREERNER, BRIEBETIORMERRAR, KRR
BRE, REREERSES, REBIANAAEEBE HR, GESH. Bid
LR PR AT AT R (R R SRR A R, K o ORAE AR R B BRI 1,
MHFRERIERK, MREREHAREERNELR BTN ENER,
A2 MR, LRERWE 4-6 Fir.

i

A8 i (K)
g

/
|

g f

U AL . S S AL U DA A A
20 40 60 80 100 120 140 160 180 200 220

Bt R E ()

A 4-6. Bt RS AN ERNXR

B 4-7T ARZRELHMEZHEHRLE. @AKREEORERE, MR
&, LREERRERE, TERAHENRE: 0),C),0NFRARLRRELEE
RRINTRE, SNXANETRANENERE, KBABERRERERMN
FAMBHERET . TURREAFRNRERRBINTAMEEERR, TER
HREHFPLAENTAREEEERTEEHRANEEE.

R, BXWABREHRLE, RA-BRETHERMER, Ll
REFRE, RREAREED, PIOCREEER. dT23EFIRME, &
SEE T REERES, 5 FRGAERRANTERRT=EMRNLS
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SNE BRERAMRETE RN

HRER, FFURA—BEENTABNE LED AR ER. dLRIER
BER: RTEFRENER SEABERRANZLES, IRELLRE
MERMAERYSNBEINTREEE bRT S, BREMARNZLTIR
h, BHETEA BT SR AEREHHNBEAER.

(c)50mA BB (@)150mA H %
B 47 8 2B 2SR AR R XA

443 I EHEIMALTE BN

ZEEYSHR PC-LED E— N EERF, BEMR LEERANREHAE
. HELUERER, X—HEGEREHETZRERRE, fil, RRTET,
mTRANRERS, TORRERLE, EEFHASEEMHEAERNAR,
Ti—ROTERELE, BREHETRARBHEE—B, EREESH RN
Fgsats, TiELATREBRH BTN ERRE A EE AR
HERBK, BABETAN B EARI 4 KARLLT Lambertain 254, T
FIMBEABES AR~ M TR L, RN, BRI
SEARABENAR, b E—FTOENEREE, UT LED MABIAT,
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BF BRI

TRRAH BN BB EREHRAEFRIEL S BMEHoH, ERRX—[EE,
E—F R R RN BB E S LED M@ A MALA. AE—WHLRER
BAIEHA T H T2 UE LR R ER R B ER, T LED AR RM
85, RAEXNBHRABEGELZ, Bit EATULHR AR ENEE S LED
BRPROGREALE, MmESZTEESSHETHES LED.
AXELMREN LED BEDRRERRALE K6 E LR ERERI T
4 LED MZHEREHS%E, MREETEEME 4-8 Fin, BLEFHAKER
a=b=15cm, LED FIRFHEEH c=15cm, B+ .04 5 IEX LED X, MiRNLAH
BRI EHHERE, WRERIR 44 FiRn. MEAEIRERHERZ
R EREE, KA BRETZR/ AN AX LED GAFEHEERD, AKRIE
BEKBAABELFRUEX, XERANARPENEE. WA 49 FIREFE LT
LR S ESESHE 8 N FAEIE, WRI PO S ALRERKTABRRES,
P LR B E B LB . REET LED RETHIE XL RN E #is
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Mk EE | EREFES | OBRLTES | THLART | WHLFE
Mz BIZ BEIZ FNad: BREILZF™
i
M 1: x1,yl |0.347,0.360 0.338,0.357 0.0398,0.441 0.344,0.367
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& 3: x3,y3 | 0.347,0.363 0.3369,0.346 0.371,0.436 0.349,0.379
&.4: x4,y4 |0.345,0.356 0.341,0.359 0.354,0.383 0.336,0.364
&M.5: x5,y5 |0.338,0.350 0.338,0.349 0.347,0.375 0.321,0.337
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5 8: x8,y8 |0.346,0.360 0.341,0.350 0.356,0.393 0.339,0.367
H9: x9,y9 |[0.346,0.361 0.339,0.359 0.337,0.421 0.345,0.381
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HFRH ARSI LR

A, ER—KFELBFORLEMEEN S A, MRLERNR 45 BB
KT ZB/ANBENFERE L AR A RMREFERE LS/ NREE N
KER, AWIRHEBLT.

R 4S5 A REEARIRER
WRABERE | BRETER | ERACZER | WHLART | Wi LFmE
FLOMME|BLE BEILZ Erdh BIEFE&
(cm), B A5
A 1:L=0 0.338 0.338 0.347 0.320
x1,yl 0.350 0.349 0.375 0.337
A 2L=5 0.341 0.341 0.349 0.324
x2,y2 0.356 0.352 0.382 0.341
A 3:L=10 0.341 0.34 0.352 0.328
x3,y3 0.354 0.357 0.382 0.349
M 4L=15 0.345 0.341 0.354 0.336
x4,y4 0.356 0.359 0.383 0.364
A 5:L=20 0.344 0.340 0.379 0.346
x5,y5 0.357 0.367 0.430 0.374
Ty ;0342 0.340 0.356 0.331
0.355 0.357 0.390 0.353
WitE o 0.00269 0.00117 0.01284 0.01026
0.00278 0.00698 0.02225 0.01555

B RENER R AIRRA A 4-10 B, RERTZH/ 2 At EALFRIME
FEAPOAEMEARTIER, 64 MSARKBATER, BOH8E, B
THGHELRBAITRY, HANENERE; BRATZEIMARE SR
FEAFRLTR, BN RE; FERELZM LED MK AXEATEL
BHEK, ZUBRTR, BIMARHAEENRAREA. AARIEARDE
RFmREIZHEASSRNXKEERERENNARLA, MitEE5HHEs
AEKAK0° , MHLZHIAMBIARKAKRT 107° . DHHETZHH
t LED RERHERBREWE 4-11 frn, HILZAE G LED Fla {5
HHERTX LR,
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444 FEIZHB B LED BB LE

ERR—EARARMIOER, 2HXARRLIE. REFERELIZ.
RAMBZHRELEHIE AN LED. ZMIZHRARIMELREE, AtH
WAL RKE, MTERMAENER SHIZEIMAAEREEFRRK,
BRERAFRAGEHINS. b E—ERNENLERSY: ATRETFERELIZN
R EHERMTGH, BAHSAREATRYE, ERARIZAL, tRE—E
BELEATE, MRS RELZHTRIEEAHATRD, XHBE
®’E. MEFMALREFREFERELZBEM At LED AR RHRK,
IR BZRE TEM AR BERS, BUERELHFMALRAYE,
RREETE A RE AN RE R EERAFHBAK, EALHERIEK
o RAEFAREPER LS, HIMFRHRHFRABREE—ERE LY
W T RARMBERE LN HUHRH.

R 4-6. NREHE T EM AN LED AL R

Bagms | 8| B4R xY) K (Im/W)
(K)

RELZ 1 3682 (0.433,0.498) 51.43
2 4139 (0.388,0.427) 54.47
3 4190 (0.384,0.422) 53.47
4 4448 (0.368,0.394) 48.49

REFEBRELZ 5 3993 (0.403,0.458) 51.32
6 4575 (0.363,0.392) 48.01
7 5992 (0.323,0.323) 52.1
8 8103 (0.301,0.283) 51.05
9 11461 | (0.287,0.259) 46.76

BEREBBELEZ |10 4847 (0.351,0.364) 52.81
11 4959 (0.347,0.359) 51.73
12 5873 (0.325,0.325) 51.23
13 7151 (0.308,0.298) 53.28
14 7381 (0.306,0.293) 51.78
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AXRE T —HETKEHEARNBZRAMGELZ, FRAFHEFT
EMAFEESHEE, MUEERIRS, ST ZHEmasmasann
WE, FRUBRTR: BIRUTESEZRTHNEELS, HINIAAHE
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D

2)

TE2H=mEANRN. Bl BHIMESHRERET TR, sk, BRUTE

NAZRBEEATE HHANARIE. REFERELE. %t
RBEZRELZ=MIZEMBIEEY, B FEIOLR Rt
Wi, FHHER. 8. ARFEHESH. B Rk
BERELZAMEN LED 5 R T LRI 26%; il
Wik T T EE-SMIOLRE, ShEtaETREIMALEE
AR, B LED R EEBRM A, FUERBEHSNR
KBERINERZR B IRRARE, BIEUTAREEEY
SEREFERZE LZHM 8% LED 5, RIETX—41.

BRETREUBAREPVAADOKFHRELZSH, 45818
AIERRTRAMBZTRELZ. BT 460nm o LAX LR IA
ZEOE, FTEURA LED BH RAREAFARBERER, THEH M
TiL EREFARERELERE LR, RETROKRER
RREEREA RN, SRERER, BRI ERLERE RER
HBREHEE, FTUBRL. EEERAREHNEEEREE AT
Mt BERBERAEHTUERRRAFREENEY LED,
HAZNZAREREERT BENKR A, WEARME L EREH
KR FRATIR, ABREERNEEIOCRERERE, KRR
FHXGNRAREERE. XA ZTZ, £k LED REMEE
BEY KR, FOtRBEHTLIE BN AHLE. AFTAM,
LED RItBAMAHY, MTHRABEENIERE, BEMNE E
ARNZRXEMAELH AR, B PC BX LED ZH/ &%
£, MAXNM BRI ZBEMRAGERT BENR A, FRIETH
MR E EREELAEA -, B2ZRESIERTNAL
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3)

4)

LED. f&SHXMPRINFNN BTRELEH, RAZTZHK
KMERGHAETF, AREASTEE AENEARNTNE. 25T
2% 1lm BB PVA LFIK 2%, ADC HBIY 0.02%, %
F4% 180mg, HiE FRATHHE 45min, FEHEEHSH 1mm, ¥
£4 1.5mm.
MEERAMRIOER. AR, SRR SE. hlREER
B4R BT ABEBRRE RN T EREL ZMUTLIETRA
HREFTRRENER, NTEFIEAEE, MATERENE
BEHES R R R EATEL, ST RAMERES S ROE
BHLE, FHTEREHOENSE. BRI TZHERANE
FAFEHSIHMR, ML ARTZHEJFNERFERELZNRE
RBIER: FIZAIMNARAHSHBERTX AR LED
A&, RANEERRRER BTS2 LEAIN AR BRI
Y 2£(0.00287,0.00472), 4 f5 7 & B 8 AL AR AR HE (W 22(0.0103,0.0236),
RRFESETEE RO ELIRIFHERZ(0.0812,0.0139). A RH T
LHRIMNARAEMINS, FERAREMER. B 5 REMR
fH, ABEN LED B&NAXAR P OXEESS, Bia%EE
BERMME, XA ENEE, RETFERER RN ERH
FULEIIERERAD, RAABHOEE, ETERARNTARES
BETLEMAN LED AREEABN TR EEARE—H, RA
ABEREHR.

s =M T EREN, EXSHRLCRFRITR B ZEHET
WD T8 R REHERITE, FRE B KIRR S SA RIS R
B, RTUNIRERERERARBTRELZHNIGIREEER
B, VLB R AT 3 RS BT R AR R E
HEE, EEAGA B TR RS, HEMSERTMEAD
TR AZE 550mm 4, BB EARARBR=ERET,
Bt EBASKEKOETFRERBNG, MESEEFNEEHE
MK REEE, FUSAMRNRBRERR. BIZE KRR
BRE, REFHRSVESIRBEE, —ERE LERFFE, LK
RAPRAMBERELZHAMMRIURBALHET .

RAMBEZRE L EERBRBRA AN BEAN S LRFEHRRE, HHR
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