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AE2 Zolzth EAZ Forster H7lUE9] A
g Eos FAY BAY HsA A7) (oscillator
strength) | 2]&3FA| 9 Dexter HW7lUE9] A
L5 EA A7Ig Faksih AR A=A )
FhEel &t oA Ee] a8 WA ol
AFA A7lel T2 2)E8HA R Dexter H7H &
of &gt ARG &8-S AF A A7l A4 <

SN
i
I O

YA g ok vl F 79 o] o] thxZ )Y
T A dUREdE kpre B3sHA =4

N
S
2
2

A A% o}7)
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A7l e REE THE UES 47 T Aol Z71E QY] wE o2 HojXt) 3 o=
old gt ¥AIHS Ay A Er’t oleg 9 7t FYste] AbAE AT oA AA 2
37 (el g 5)owRE gypdgow g Fagol Tteke As #FE £ ded, ol
A1 =FFAT7F =& 771 BEE EYsk AR ggtaEo] 9 84l wet S wol vt
NUAAY S ol &s 7] F5F &A1Y A 7] woltt.
W AT s AT k. B 2+ 1A 2.2.3.2 Calix[4lareneH| /7| HE=Z A
BFoE A 2 A7 FSF A digt F5E %7] calix[4]arene FEAES HEIWUF Sle o
EAS 29384 YERIGITE

2.2.3.1 Diethylenetriaminepentaacetate acid

AMFLU-DTPA AMEO-DTPA

(DTPAYAl |7| &E= 4K

38 739 2> DTPAA elRt=e 3EH &
I B &) s S 101 FA3ES
Asttar A QT of7]el IERF Tl oy
A& HAgddd 4= 2= fluorescein¥} tetrabromo—
eosing =3 #3155 (AMFLU-DTPA, AMEO—
DTPA) S $4d8ta, TRIS-DCI buffer (0.01 M,
pD 8) ¥} D3O 3follAl A2)id Gefoae] wge &
235kt 53], fluoresceing ¥335H= AMFLU—
DTPAS A%+ S7d7 (sensitization)©] &
Aow dogs & F Uk o= Hg w4
=3 & (triplet efficiency)S YERE fluo—
rescein®] T FERF Tl o8 Azt & a2l 7. DTPAA = 3EEE9 3188 Tx.

Br Br

ot b

B2 77 85 oM & R EEF A

=4 Er—Doped Er—Doped Er—Doped
EA Glasses Silicon Organic Complexes
Host & Si0y, AlyO3, Or Y505 Si organic complexes, PMMA, polyimides,
optical fiber
Guest 1|4 Ery0s, Er** Er® e Br' ek Nd¥*
A4 E A3E
e 34 sol—gel process/ Implantation  |implantation deposition, or mixing or blending
epitaxial recrystallization
Transparency At 1.55 um| very good excellent good
Waveguide Length <5cm <<5cm
Amplifying Wavelength ~1.53 - 1.56 um ~1.53 pm | 1.06 pm
Er'f o] k5 <1.0 wt% (<~10s Er/cm”) < 2.0 wt% (<~204 X Er/em’)
o)1= (dB/cm) <5.dB fem (BrF o) L 9F) 5dB/em (PL 24%) [ <85dB/em
EA44 Er'fol& 1T T3 Er't aggregation = Erffole 1% T3
Er**—Er**interaction = aggregation & phase separation =
upconversion process = 45% o5 ZAa FTE o5 1Ah
FEE 2t Spiral type = bending loss long straight waveguide 7}
355 A4 24 1ok 0 5e 5
A A7) > 1991 (implantation) > 1991 > 1997
> 1996 (SG process)
=7+ o)/ R/ A AN ERE g s=/m= () o)/ AE e
[dB/cm =—-—1o %]
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Blo] Zglgtaoe] HuEglE, HTol delA AF
st DTPAA 2= Be9} U3l calix[4]arene
o] naphthalene, phenanthrene, triphenylene,8
fluorescein ©Ju*° dibenzoylmethane (DBM) !
22 HEUE B85t of7|9-S Y Ao
2 olgAfomy B gHAoR IEHUZTEH
deF o] 2o 29| qUAAESE EAstA} sFith
QFE|LE o] &35t oﬂLﬂx]xm 8ol 7P 2
= WA= 37FA QQle <bHUe] ARtmAb <kt
'8, dHU Sl {9] A a8z FAS
El; oA E99 HAZlelth o]t oiX]
AY 585 T7R71etede O3 804 K A

I} o] 5% @k o] wE}l calix[4]arene
of & rElLte 59 159 FEQA R

@,
Fasith *}%‘EJ FEe] FF4} calix[4]
arened} QHEL} Alo]e] HAA}L Zole we} d%3)

1N E@oze] Awate] wEd wyA7)v

WS Ak Ea ol @ 7] FFE 24 4

2 wel e ole) SAMsl @7l uel U

A7)9h o] Qe wow, Aol o
o

As] v 545 veRdA #ok

2.2.3.3 Hemispherandil |7| &35 AKX

el SoSbA F71 8N ] tetraazamac—
rocycleS ZZFEZ Abgst Yb? FglelEy Ng**
21313 e] A9 delxe] wEd o] Ky
Stk 71 9lel% Yb¥ skl AsigtEe] W o
3 Hur) gt F=E g s ER HletEe] 2
A2 dbge] ol T8 A= WE@= Twente
t8re] Reinhoudt G7Hel o8] o]Fojxitt o]

52 8 99 @& (b) FElS] polydentate he—
mispherands #|7FEE7 o] g3t0] 3E 3} )3t
@ ] ZsgheS ki, 488 nmo Ar ©]

1 R=0", a x=6, b x=3
2 R=NEt;, x=6

J8! 8. Calix[4]arene ZsI&tE9 35t Hx.

DEXAE J|lE

Al 13 A 6 = 20029 12¢

AL Yol|AE ARgate] Er’t o] 29 AA of
of &gt 1.53 pumeollAe] BFANS 233t
Tt 337 nme| Ny #olAE ARE-ste] {7
EZ5 7IAI7IAL AU dodel ol <4
FAelA WFEgo] dojgs AEIIGATH
Betd A4 =4 A DMFY 722 g ==
gmE 247 AREEe g O-H
o] «]E-TD% o] 9] whgol WX YFE Hi
Jd& 9 (@) 79 #AsEEY
e C—D7]i Aoz C-H &
Ago] EF 7% o] Wil vX=
Attt -H 43¢ s
I EF o] 7P W o71dE e oY=
o Fgro N u|HF Aol dojdrta
om, C-D Afo] olgfst &AW S &
ST 18y C-H Age] st A4
Al wge] Al JEFE FA erhal B
ol BEF 2L7b Skl ukebd &
E34 A4 (absorption coefficient) 7}
}o
q 4

%‘ir}o

JI

o o
=

$
@

b o
o T
rE
[wa
o

QL'mEO{N

o
r '~
o
o o
imloc Eiolﬂ'-ﬁ

:
]

r

- 0%
B

LR

_O|_‘
2
g
S 1y
i)
&
®
-
O
TRAT A (o4

Ju yg o
oy &

oy
B>
ol
-

cly
9
%9
Els ] FolErka &gl
93} polydentate hemispherand #]7t=
F-z°) terphenylene (¢)'® &2 lissamine (d)'"*
S EYsto] A Joela ] wFdNs
F3ith ©]#3t terphenylene®]t} lissamine S
Srely et (chromophore) &2 Z-g43it} = o]
2 w4 =2 ARaAt GRS (SC quantum
efficiency) & YER7] wiitel] Awhe] gl
3 IFEF wHo] GA 971E F JEF SGlth

H3C(H,C)30  O(CH,);CH3

(b) The acyclic Er:“-complex (acyc-H)

\y

»

Qo _
©\f° L n® o ©\f° _cl’.n“ o: "
J g o>/L, J\gfi NL,

O OBu oB O OBu

(c) (d)
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2.2.3.4 Erbium (lll)-chelated tris (8—hydroxy-
quinoline) Al /7| &&= A
A AHgst S|ER F£59 A A g o
H

el 29 o AT 2R SEE%
sk glek olefdh A= ¥=r9] London ©f

sko] W. P. Gillin®} R. J. Currye®ll 2J3] o]Foxith.

o5 OB 10014 R A7 o] Ao
=38 4 Q= tris (8—hydroxyquinoline) A%
o] ErQE" ™% g8k, 3519 457 nme] Ar ©]
oA Z o7AIAA THAFAT A P e
A9 wbgEAtE ekl

o]5L 300 Kol 1.54 ume A eA oo
Hzskech =8k ITO/TPD/ErQ/ALS] £7] A&
Alzreto] 2281 ool el A7 (elec—
troluminescence, EL) & ##3}4it) o] glox &
A= G vl=oa] olgjsh A7 s o]Fo
A a1 Atk AE Osaka thehre] S. Yanagida -8
< J8 11 (a) oA X A - tris(dibenzoyl—
methanato) (monobath—ophenanthroline) 2]7F=%
AHgate] BER #83E (Ln(DBM)sbath) &7
A3t ol f7] WA 1 AatE A Abeto]
A9 dellM ] s HESHITH

TS v]= Ohio % W1&¢] R. G. Sun 18
11 (b)ellA ¥o)F Er(acac);(phen)® 2s3te-S
g3 35le] PVK (polyvinylcarbazole) 1132} w2
of wgslo] WFAAE AL ST

2.2.3.5 Porphyrindl /7| Z&5= AKX

Florida tie}e] 722 7]Eel 44 ™
Fa2yAg 2= AMshs Er(TPP)acac 23}
FEo% gdeta (AR 12 (1), F8d EAo] &
A 9= MEH-PPV (A8l 12 (b)) ¢} PPP A
59 w¥A wjd (PPP-OR 11) (A& 12 (o)l
=

rfo

o

e

9] 100%% Yetdla, ol AT A5 ¢
d SER 255 G4 97INA & e A
(sensitizer) & 2F-8-3}7] wZoltt}.

223.6 HEE|HYE |7| A=ZE AX|

kA ARt {7 WAk B Qe 8 13
ol R Ay & dgn JeE Edhel= 2
A =g AR S ER o] 23ighEel T
st HAE Qi) 53] 545 X¥ste FsES

3% & FAEE vERITE® o) ey Ae

1o

H& §ulAE 3] mAskY] WiElsE B
AT 1 Yo 5Y EEe] Vogtles S|ER/
w5 st w9E sk Ao dER opv=
(amide) 7] & o] Fo]x =g w2272 3819
g, o] =gl A9 kel 24719 dansyl
715 23t oM JEF FHo duxE A
2 F= 2t Utk o5 AaE AASH §H

Ln® = Yb%*, Nd®*, EF*
(a) (b)
12! 1. (a) Ln(DBM)sbath@t (b) Er(acac)s(phen) &
3t

[o]

L £ ok
0. n
< .,
Ln3+ : Yb3+ Er3+
(a) Ln(TPP)acac

(b) MEH-PPV  (c) PPP—OR11

38 12. Ln(TPP)acac #3tgtE L IEAt OHEL

§ Iz,

el
i

. F
[ PLF
F &
AR FE - o0 &L F -
F NS0 W RF G FFLF
¥ FF PTeT R oF r
Fo ol e FFEEF
of ¢

s, Lo
F- NSF
R F
FAAE 3
R FYF
TF PR
A AF e JoF
FTF YR
T
Fhe

[

J8 18, di=2iHE 2=
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el AL G TEs wEsSIT.

ZZ 2= 19930 dE Keio thelol
o7 wxE PMMAA

ol A+ Ak R =
o wide] f7] 9155 1 ppm L] FEE &3
& AR SF Aot ojmf vhEol Pt

Zol= 50 cm& HlwA A1, 30 dB X o}F
95 Btk Zev ole g 3t

gol ApLAQl whge] ogk AojojA] FFE AI7E
o] 7] wjio] HAENRY JFE LxjdE= &
=53t7] flEA, o] ATEe
PMMAZA 384 FAfell 5% a3t Q= 3
F oE5s =335t 5% 18 s Tust
At H 1)t Texas (Austin) thae] Kuzyk
AFEe 84 FEA photolime gelo] Nd**
=3sle] ~ATHWOR 2.2 cm9] Wg Fe
=% iXFE— AR dhgsilon, F% 3 1.06
m oln, & o5& 8.5 dBR wlwA 5313k

11%%5 thps At A= HZE BAFe] MA

o o

AEQ ehed detadeolE 9AE A

&, o7l FERF F59 Eu''e =98 F F
Fatel 1.5 em Ao v Fe awA G 9
B B A ANEEIlET, S o5 4.1

dBZ ® 1&gt

FHT 50] &9 NTT FHAATE, vl=9] o
2 o8 (Coloradoth®, Arizonatsh) % 7]gqAF+
2 (Bellcore, Corning), @ 7iyt}e] McGillthsh
ol A E-A S o|gHA NEF FF
< wstA 771 2EA ujd (Si0g) ol FYE &
H=2l A9 FFE ARl st Ad57 s

P

o]0l YTk, S8 1996 Eol o WRlow
BUEsted 935 Aol WDMte] H4 e 3
FE 24 Aol masgth e o] Ae 2

2t JEF F550 §HEs b w9 FE
P AsEe $FE w3t vk A3 SEF of
P @ e BAen 9EE )

2.3 C>7| "c‘!f:f‘—'? _’HH?—I ULUEE A 7Kt AS

231 HESE

38 591 o] QkEuERE ofr)He] FER o]
oA hgsh= A A"l A 9] R E & (quantum
vield) @2 Z12Fe] @A, & 2, 23] A
twzak (ISC), FEFES oA A4, JERF o
2o W 59 PAEES Fool the 3 o) o

DEXAE J|lE

Al 13 A 6 = 20029 12¢

o171tk
Do =D 5¢ Pp7 P Ln= D pranster Prn
A7 Dpanster= Prsc@pr 01, FIIES] A4

Jele SRR oled W oux Feud F2
polok @rh WA PAEE @) 9 PR

ﬂi>‘
rro{N

(

S o1l M) Bkl dsiol 43
Ak QUHOE o/)E HEF oLzt v
Babg 70]7h Aofihizdl, @, AL 1uth &
o HER olee] wgex] F=RE ofut
t EAIYY S5 &, 0BAY B &=
F kyolekn b SR ol &9 PHEEL

k
Ln :—r:Tkr
kr+knr

g} o] Foltk ANNA ¢ =(k+k,) 'S HEF
o] %ﬂ% o X&) Hyrgoltt, E}EW Doy,

A ®pranster, kr knr e T 5 90
o}, A ’i; (radiative rate) & ®Fzlo]e] g

B3k WAL Glid) S ot 919 @4
uhe} ok gAH o 1000s ! Aol

2.3.2 Oo{7[Xx}9| Erd

AukA ol ko] olsle] £:9] o 7|Abejo] Qi
B} e oA 991 E, (k=0,1,2) & Ao]
7} dojy= &5 (P Einstein A5 Az &
Asto] v o] dEnh

dPy/dt = Ay

A8 14 (@) 9k 2ol £ 912 HE ol 79 3
= T2 Aot dod wf HA o] FE2 A

N©

N

® )
O3 14, ouX] F2| /2RE{S LANO| : (a) ALX] &
el w4 F=Z, (b) L& I N(1).
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Il
=

rir

T Ap® E-E I, AR dt E]F as)

= ohe) o) Hrt.

T dN;

dN; = -A;Nt
919 A& Asd
N, (1) = N;pe~ it

o] At (A8 14 (). 91714 Npe 2719 24}
Fol3, NZF r=1/4; 38 A NE 27039
l/e® Zast=d olwe & FdrEolgtn F
Btk o7lE fUIEAEY BHTHS FE ns~
ps FolA L FJERF o]2E59] 4f-4f dole F
2 ms 999 Zew duix vk

Harye S dde wet = 7R W
Ho= pro] Xtk g o] Z ps—ns 9
ddofM= TCSPC (time correlated single photon
counting) <% o] &35ty FH5Ho]l 71 ms 4
ool += MCS (multichannel scaling) = ©]&
3t} TCSPSe] Y8]= HHE4: % (repetition rate) 7}
2GS AFEste] FlolA Y HE VE Al
3 (reference signal) @ AME3FaL Al5e] &4

At wgste] e 94 FxE #5st] T
A7 AAE Fg8ka, ZHe] o Azl
=HE 5 FAH 0% At Fard S S
Aot Wolth

233 YxtES U SHYH®

kA& & (quantum yield, )< oJ® Exjo] 9
3l FE oluAe] gigt WEH ouA Y vz %
Fiksin=y

7 =number of quanta emitted/number of quanta absorbed

AT e B e FAEEo] ofn] u

szor, ofF e A ofr|d AgE el

Sge] meh geA, mE PEES L% o)E

e AT 9ol AR 7919 LEH w1

gho] WepAth rtEgo]l wowW B9 @gol
™

B 3. UEXNQ /7| 222 88 YR=E

=41 £ A EE

9—Aminoacridine Ethanol 0.99
Rodamine B Ethanol 0.97
Fluorene Hexane 0.54
1-Dimethylaminonaphthalen Water 0.48
e—4—sulfonate

Anthracene Hexane 0.33
Sodium salicylate Water 0.28
Riboflavin Water, pH 7 0.26
Naphthalene Alcohol 0.12
Phenanthrene Alcohol 0.10
Uranyl acetate Water 0.04

# gl Er= 1077 M AFo, £5= 21 C, 25 C
N ZHeA 5.
* BE Zhe gkgd 1077 M) A ES 0518 7Ee

2 S35

> ot N oo

o o 12
1o dlo met 2

]

g,L
LR
o o - H’E, T B oL ke ig
2y, o £
ooy o & i L ﬁj (2
o e o o 2
< -+
hiertra,
SR ol = o B
— |
% j{ My ﬁlm %
O ] _E HN .
-t
) o 0y ﬂJlO iy ol ot
O ( =| m"‘ xﬂ
2o o X
= o n 2
A
oy _=) o2, N
ﬁ > 23 1o,
b ’
o b ?{é
o o o
R X

T oo oX

)
A
-l

(lab sphere) & A}g3le] AlZeol 2]3)
B G ) A BedA WEE FRY s
S4sto] FAEaES Tk A ol

e Y oo rlr 30 b N X0 X M R X R

o o )

aL
49w (2B 15) 0% PAEES
Abgaks AT QR vle] gl
WAHEAE 9o] Qnk o] N
Farubgol AHge ol gl
fo] Ho] Sojew ART

ol 2

HU e o JW’
e o )

Nz X rlo met

R jo to &

& M o
o -
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AR DAA = AT el AlE7E Sl AE
oAl o37)BE Algel AH ZAMSIY o7)F3 ¥
=4 ~9EHS st A 15 (o). B
AAA A o734 T wialgo] AF HE/Z
o7k Ae 9] fete] =

& Axgh AR o R ass S
sh=dl QoA A S8 3]
ol wg- Faste, FAolA WEE= FAL F

=

JulE zh=th AMA GAlA = o713 0 2 E
WEHE AR & (L,)S ST FHA G
M= of7]Fe] RIAMEATIE Algel AL
i A (Ly) 3 RiAbe o g e e
Wol A gRRE WEE A (RS AT

H
[e}
(P& ZAT 7 S48 d5e Algale] it

A4 o171l AFSAE BHge mAstel gs
AR FFE A et o] BAT ¢ vk

Ly =L,(1-u)

L, =L,(1-A)1-p)

&7 A&7 &7
Baffle

ofJ &

a8 (a) 48 (o) &8 (c)

38 15. YR E 5YLE ek,

DEXE J|E Al 13 F 6 3 20029 12€

A ARt Alge] A3 L Ao
ek olgA FFE o7l g3 AlusE W
35 abehy, kst EG AR U o
Aol yhatE Tt A ol ke WEES AR
T E7E Rof fEEdh AAd WS 53
A EE HAAEL A A SAR P A
HA dANNE AT ol AlEs §lo] o71%
s ZANSRAL of7] 3] AdEYS St (A
815 (@). THA GAllA HET Ul AR
ARBAL A7) F-E AETe] He) ZAlsle] ¢f7)
Fo Ege ~AFEHS S (a# 15 ).

YAgolth. EF WEY] A AFFH] 1
Bt 49E melsll P, AFHoR 9
g (P& thgat ol PeHrk

L. =P.(-A)L,+PF)+nL,A

_P.—(1-A)P,
LA

7]
] 7]
ARt} 7hdela, 2k A7)7F B’ o] &o] Ea
B PR FEE0 9 don, uUn A3

=y
-
=y
T

Lo o e

9

FHERTEE Fax= 8l 163 Zo] MY
(channel) FEi-t & (rib) BEIZ A 7] ]
AR 4 glom FAHFo] =L FTulE (wave—
guide =& core) T W& 48] 49 (clad—
ding) 5 Atolell FolAl o] #AS Fo] o]

cladding
waveguide
cladding

Si substrate

(a)

cladding
waveguide
cladding

Si substrate

2l 16. BHEOIZE HA4Xt (a) AL (channe)d H=
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2y P=2 Az} (EDWA erbium—doped wave—
guide amplifiers) 2] T+ZEZ 18! 1704 ®HoiF
3 9tk EDWA FxEelA HZ % (0.98 pm =
= 148 pm )3 AEF (1.55 pm)©] WDMOZ
LutEo] Fol7k BH FFEH A koR FA
of YAEER Al Fo] FEHETE olefs FHE
T2y FTE A A5go] WDMH 1x4 3

#387] (SPL : splitter) & T3l &89 u 1 A7 ]
7F /4012 FAEe 48 2gs] A8 AFHH

o] Zth.
32 77| EEF712| 0|5
3.2.1 0|5 A4t
3211 XYMl HIoE MSUS FEF HL
Er’t o9 $% dalg sl 289 A
O MRy - thzp BB WOl ZHFE] dojR

=
£ 44 (rate equation) &7 B9

—==NR-N,W,
d 1 22
——=—-N;R+ N,W-
di 1 22

N, = N
W, +R

ol "t A7IM N1 Nox=

22t et

JEiel A
Signal

Pump /‘/‘

Signal

12! 17. EDWA #X .

WA SEAES Er’t o] 29 Wroly, Wh= 1/5
= Er®" o]29] 744]$ (decay rate), R=o,P)L/
(hca) = Er®to]&9 #3 & P AX 39| power,
F5 @, 2e BEP Y, he E43
ol BEE gt YERE Fobe] v oln
Ni+Nz% & Br’" o]29] gxolrt 3 o
G=Z BN o33 Zeo] dB @9 E
=

rlr

Q

a

}

o,
5

_Y,VLJIH?

= o

G(dB) = 101og10([i) =434x gz
0

o171 A b+ FEuE o ASH2] A
7lol3, I=he¥ s FeazE uet Jgsh= A%

B Al71eH, 2= FETE o], gi= o5 AFE
g=0,(N,—N)a

Z Uehlr, o= WE DA, ot FETE A
o} gtow & TEIE FHAAIT BxG
9’]6‘H ‘QEE’};S_O] HLA(EO}-HI E] i, —| N2> N ]
o} o|5ATT Yrt HolA T Y ol5E o

>J>4

A
Ho}
3212 |7 2ZtEE AR ZIEAQl Hyo=z
MsEs &t

dN ' : ' '
71:—WpN1+WN,3 N3+Wyiy No+ W, N5 Ny

dN’: dN> _
dt

dN3 , : :
TZWPN1_WN'3N3—WISCN3
dN, _
dt

dN. ,
d—::We[Nle—W2N2
Ni+N2+N3=N;+N,=N

zscN +WN2N2 WetNVZNl

Wy N, Ny + W, N
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N/

Intersystem crossing Wig.

Ws Wi/ ‘
Wiy/+Wet — T
Ne o ¥ g,
W2 hv
N
3 ! 3 L1570
ligand Erd+

JO8 18, BT Zo| 2|7tEE AL B o|lRez9|
OlHX Mgt e,

olty. o}7]elAl Ny & wHleMdEle] 9l k=)
FEola, Ny & A Qe Bii=e] Rl
u N3 & ST g3 giE swolth Ny 3%
N, = wbe A 2 3 AR SEaEe] 9l
Er’t o]&9] roln, W, = oux Hggo|a,
W, = aredeel gl glit=e] d3deeA S
T e BB, W, & ARAE, Wy, &
ZRIEE S Ao A uhe AdzAElR ] 7
A, W, © A Qe e 954
Bl 0] 7halgoln], W, = Er’" o]2e] 7hagoltt
Ao A o] AAES Fojrd,
W.
Ny=— 2N
W2 + Wet N2
_ WetN
2=
W2 + Wet N2
' — VVIACW

(WN'2+WetN1)(WN'3+VVtsc+W )+ W, isc p
o] gtk N, 3} N, ol thst 2S o|5AFS T3t
= Ao Uglate] FEE o]5 e dith

IT A2 A

322 YES 0lS9l MEY 53

0

#=32  o)% (optical amplification gain; OA
gain)S 47] YaiAe= I8 199 Zo] A= 1
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SI7IE ARt GBS AVAQ ASE W Size Medium Small Very Small
St ¢k AW FASE FTHS= Flolth FSE Arrays No Yes Yes
7= Z=ZAg wet WA 3=%7] (semicon— Integratable No Yes Yes
H 5. 3Llo BEE7|9| Yy HE¥®
Operating Input Output Small Signal Noise Operating Dimension S
Wavelength Power Power Gain Figure Return Loss (WxLxH) Type (;7}1;)
Range (nm) dBm (min) dBm (min) dB (max) dB dB mm® e
1530~1560 | ~15t00 10 13 <7 30 81x35x12 | Epwa | eem Photonics
(France)
1534, 1550 -30 10 20 &5 -60 80x9x6 | Epwa | Fira Photonics
10 (Korea)
1529~1562 | =30t00 15 24 6.0 70x90x12 | Eppa | DS Uniphase
(USA)
1530~ 1560 -30 30 50 40 150x125%21| EDpA | Agere Svstems
(USA)
1530~1565 | 12100 14 14 6.0 30 [300x180x38| EDFA Gemfire
(USA)
798 Polymer Science and Technology Vol. 13, No. 6, December 2002




o
MY WSy

=
o
i

71E9] FAH Ayt EFe= Bt e
100~1,000 ppm AFEolH, 1 ool =w Er*
o] 7+e] Ja gl o) ug ZRAA7F S
2 dojupy FHE Ffo] F23] "ol A Hr}
olglgt o] f wiol Ael7t FAfol Er’t ol eg
TN YHoRE 0|5 FFFHo| st
3 HUEgEy FFHIE FHE 30 dB A&
F5ES 71E717r o) o9 B2 EAE 8
S RE

"
i)
[

> an L

Asty FUETEY FTE 225 FEE] fsl
HAA QB w= yEa= I3 G 59 AR
e NEX BAEA 7]Ed de 433 =
A EES 7] HRERE ARgste] ouA A
GEdES o8 IJERF A9F IEES
A I EF A9Y ItEs EFA =2
g3k d7s FEHor & Yk TEY ol
gt A7) oA A 7] dAA] o]#|3 AE
Ao gt MARAL SHEA 42 FHZE A
o] Fx-FEA AT Aol AAFeE FH
o] Q1A ot}

2 dAydelMde dE g8 224 SES
ok7ke] 3letd tx WEow Wdk IEF o]
23185 0] A} o]lE 1AL wjde A
S3AIZ 71Ee] AT gE ge, FE et
of B3 FAAR oA Adeh= JF aHE
yH& FEAHJA 54, LA vjde] £ 43
T, o]&—o]& 31 Az Ago] gl IEF ol
o] HEsty 2wA AE 9 IEF o] AAY
Z8A B4 HF a9E Foi3 d=gHEg A
G A9y FTE AAE A 9 sk, IE
F ool FAEo] Gtz g W o7|AF B
g, 712 AT, oluA 9 e T TF Ao
et AAAQ] AFE Sl Q) olE EUE F
AL FSES Y% WA 2nEas oduA
A 2AQ Faxl (BHESEY F5E 2
2t
2t
A

"
[
ﬁ
o,
o
_>|~1_,
A

AFAL S)el & 7 e FU]A A
A S FEstaAt stk a8EE 2 Al
Aol wppa] WHEA AFelA ERXAE I A4
3} (integrated circuit) 8 224 &2 HHAF]
o] 7hestiRe] FEAls vEE FAakg el

DEXE J|E Al 13 F 6 3 20029 12€

T ANe FaAE AAse] 3 s2E
gtowm Fakslel €714 wdat o]& Qlste] A
= 4 4 Stk ol HelA

A AFEH Qe FARE FFFVE A &
A JAGAA & Q= FH, = FUFERE §
B2 ke 2 #38 7]E4] 7k} vl A
a3 4 itk 53] HunvRy 335 14 Al
22k NS s e xuEas YunRgEy
o] dEofe] Slof
o E3
& Ao 7z
W FEE dElE 38 - &83sto], 1.55 um It
oxe] oA el E3rE AT
ola, ofd FUETEY FTE 4A| V|
A7 Bt AaE St HE, AS7A

s
1o b
2
2 1o,
e
JBL‘:;
o%mdg
(o]
E_4
1%
1o
lo =2
[NOE
¥
30

ot K
fol
)
¢
b
:«_1,
i
ot M
ol
ofN
It
&
Mz
2L
B~

o
»o2

=
=

N oox iy 30 o B B ol
rlr oo o
j.‘oi’l A
[rt
N 1D o

S

o

jus}

>

oftt

old

1o

b

2

1o

o

L

ofx

rh

i3

o

x =
HaF

ret

—

. http://www.cslhm.org.

2. http://spm.kjist.ac.kr.

3. (a) B.R. Judd, Phys. Rev, 127, 750 (1962), (b) G.
S. Ofelt, J. Chem. Phys., 37, 511 (1962).

4. Th. Forster, Ann. Physik(6), 2, 55 (1948).

5. D. L. Dexter, J. Chem. Phys., 21, 836 (1953).

6. N. J. Turro, “Modern Molecular Photochemis—
try”, Sausalito, University Science Books,
1991.

7. M. H. V. Werts, J. W. Hofstraat, F. A. J. Geurts,
and J. W. Verhoeven, Chem. Phys. Lett., 276, 196
(1997).

8. F.J. Steemers, W. Verboom, D. N. Reinhoudt, E.
B.vander Tol, and J. W. Verhoeven, J. Am. Chem.
Soc., 117, 9408 (1995).

9. M. P. Oude Wolbers, F. C. J. M. van Veggel, F.
G. A. Peters, E. S. E. van Beelen, J. W.
Hosfstraat, F. A. J. Geurts, and D. N. Reinhoudt,
Chem. Eur: J., 4, 772 (1998).

10. M. P. Oude Wolbers, F. C. J. M. van Veggel, B.
H. M. Snellink—Ruel, J. W. Hofstraat, F. A. J.

799



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

800

Geurts, and D. N. Reinhoudt, J. Chem. Soc. Perkin
Trans., 2, 2141 (1998).

G. A. Hebbink, S. I. Klink, P. G. B. Oude Alink,
and F. C. J. M. van Veggel, Inorg. Chim. Acta, 317,
114 (2001).

M. P. Oude Wolbers, F. C. J. M. van Veggel, B.
H. M. Snellink—Ruel, J. W. Hofstraat, F. A. J.
Geurts, and D. N. Reinhoudt, J. Am. Chem. Soc.,
119, 138 (1997).

M. P. Oude Wolbers, F. C. J. M. van Veggel, J.
W. Hofstraat, F. A. J. Geurts, and D. N. Rein—
houdt, J. Chem. Soc. Perkin Trans., 2, 2275 (1997).
L. H. Slooff, A. Polman, M. P. Oude Wolbers, F.
C. J. M. van Veggel, D. N. Reinhoudt, and J. W.
Hofstraat, J. Appl. Phys., 83, 497 (1998).

S. I. Klink, G. A. Hebbink, L. Grave, F. C. J. M.
van Veggel, D. N. einhoudt, L. H. Slooff, A.
Polman, and J. W. Hofstraat, J. Appl. Phys., 86,
1181 (1999).

S. L Klink, L. Grave, D. N. Reinhoudt, F. C. J. M.
van Veggel, M. H. V. Werts, F. A. J. Geurts,
and J. W. Hofstraat, J. Phys. Chem. A, 104, 5457
(2000).

L. H. Slooff, A. Polman, S. I. Klink, G. A. Heb—
bink, L. Grave, F. C. J. M. van Veggel, D. N.
Reinhoudt, and J. W. Hofstraat, Opt. Mater, 14,
101 (2000).

L. H. Slooff, A. Polman, F. Cacialli, R. H. Friend,
G. A. Hebbink, F. C. J. M. van Veggel, and D. N.
Reinhoudt, Appl. Phys. Lett., 78, 2122 (2001).
W. P. Gillin and R. J. Curry, Appl. Phys. Lett., T4,
798 (1999).

R. J. Curry and W. P. Gillin, Appl. Phys. Lett., 75,
1380 (1999).

R. J. Curry and W. P. Gillin, Synth. Metal., 111-
112, 35 (2000).

Y. Kawamura, Y. Wada,
Iwamuro, T. Kitamura, and S. Yanagida, 4Appl.
Phys. Lett., 74, 3245 (1999).

Y. Kawamura, Y. Wada, M. Iwamuro, T. Kita—
mura, and S. Yanagida, Chem. Lett., 280 (2000).
R. G. Sun, Y. Z. Wang, Q. B. Zheng, H. J. Zhang,
and A. J. Epstein, J. Appl. Phys., 87, 7589 (2000).
B. S. Harrison, T. J. Foley, M. Bouguettaya, J.
M. Boncella, J. Shim, P. H. Holloway, G. Pad—
manaban, and S. Ramakrishnan, Appl. Phys. Lett.,
79, 3770 (2001).

Y. Hasegawa, M.

26

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.
37.

38.

39.

40.
41.

42.

43.

. Y. Hasegawa, T. Ohkubo, K. Sogabe, Y.
Kawamura, Y. Wada, N. Nakashima, and S.
Yanagida, Angew. Chem. Int. Ed. Engl, 39, 357
(2000).

F. Vogtle, M. Gorka, V. Vicinelli, P. Ceroni, M.
Maestri, and V. Balzani, Chem. Phys. Chem., 12,
769 (2001).

V. Vicinelli, P. Ceroni, M. Maestri, V. Balzani, M.
Gorka, and F. Vogtle, J. Am. Chem. Soc., 124, 6461
(2001) & see references cited therein.

H. K. Kim, Y.—B. Song, and N. S. Baek, Polym. Sci.
& Technology, 11(2), 186 (2000) & see refer—
ences cited therein.

D. V. O’connor and D. Philips, “Time—Correlated
Single Photon Counting”, London, Academic
Press, 1984.

G. G. Guilbault, “Practical Fluorescence: The—
ory and Practice”, Marcel Dekker. Inc., New
Orleans, Louisiana, 1976.

N. C. Greenham, I. D. W. Samuel, G. R. Hayes,
R. T. Phillips, Y. A. R. R. Kessener, S. C.
Moratti, A. B. Holmes, and R. H. Friend, Chem.
Phys. Lett., 241, 89 (1995).

J. C. de Mello, H. F. Wittmann, and R. H. Friend,
Adv. Matter, 9, 230 (1997).

M. Theander, O. Inganis, W. Mammo, T. Olinga,
M. Svensson, and M. R. Andersson, J. Phys.
Chem. B, 103, 7771 (1999).

J. Mattoussi, H. Murata, C. D. Merritt, Y. Lizumi,
J. Kido, and Z. H. Kafafi, J. Appl. Phys., 86, 2642
(1999).

A. Polman, J. Appl. Phys., 82(1), 1 (1997).

L. H. Slooff, A. van Blaaderen, A. Polman, G. A.
Hebbink, S. I. Klink, F. C. J. M. Van Veggel, D.
N. Reinhoudt, and J. W. Hofstraat, J. Appl. Phys.,
91(7), 3955 (2002).
http://www.np—photonic.com/files/EMFA_
White_Paper.pdf
http://www.teemphotonics.com/documents/
product/edwa/metro.pdf
http://www.fi—ra.com/edwa.pdf
http://www.jdsu.com/site/images/products/
pdf/OA400_072202.pdf
http://www.agere.com/long_haul_backbone/
docs/DS99259.pdf
http://www.gemfire.com/2002%20Gain% 20
Block.pdf

Polymer Science and Technology Vol. 13, No. 6, December 2002



