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SUMMARY

A special kind of dielectric barrier discharge (DBD) at atmospheric
pressure was Investigated for the surface processing. Departure from the
thermal equilibrium is one of the main parameters which is important for the
effective surface treatment. The plasma density, stability and uniformity are
the other important parameters. We achieved the high etch rate up to 60
um/min With a plasmatron source in the previous study but the affected area
was relatively small. In this study, we adopted the plate-plate type dielectric
barrier structure. The electrode was constisted of stripe shaped silver coated

on the A/,0, dielectric barrier. The size of an electrode was 10 cm x 30

cm. For the large surface processing, our DBD plasma source can be operated
as remote type.

The plasma characteristics, depending on various conditions such as the
gas composition and frequency were checked by measuring the voltage and
current through the oscilloscope. And optical characteristics were also checked
for determining the rotational temperature and analysing the emission
spectrum. The ashing rate by the DBD plasma source was checked with
photoresist coated on the silicon wafer. The change of surface hydrophilic
property was tested by measuring the contact angle of water droplet on the
silicon and glass plate. The dependency on various conditions such as applied
power, the gas composition (Air, Ar, 02) and flow rate, a distance between
electrodes are investigated.

The DBD plasma source showed the ashing rate of 0.3 um/min for photo
resist coated on the silicon wafer and improved uniformity compared to the

conventional source.



FEle Addd ddAEel Ee=vkplasma)et 1 SEAEE HE 5
vt B, wetsel W, vleAll & AHA e Habe Fek=Evbrh st 6t
H, Fekzvp AzgAgel o] vhEolxl AAAELe wEA, PDP S 2

etch) ¥ 8F4l Z 2 (deposition) & E°] AA| Aol A& HA Fet=zvle= 4F
JdAFANAE vl$ T3 %S A HAn HZols WA FHEER o}
gt 84, olyux], 48, Ax, da, o8t & g3 ZokdA Z=nts
o]-§ataL St}

AA AgelA AEHe 4 7eEs A¥EY, v I AdbAAE

o

CVD(chemical vapor deposition), PVD(Physical vapor deposition)”} 13 =&
Aztsto] patternes @AAske AAAZ4 ¥l At £ PVDY Afel=
DC-magnetron %=+ RF-magnetron sputtering®] %< o|#1L ¢low CVDY
74 9= ICP(nductively coupled plasma)®t CCP(Capacitively coupled plasma)”’}
AEA Fetz=vt 228 AMREOIX I Utk 2 fldd HdAA e A% ICP,
CCP, ECR(Electron cyclotron resonance), ME-ICP(Magnetically enhanced
inductively coupled plasma), ME-CCP(Magnetically enhanced capacitively
coupled plasma)®} 72 tpFdt Zel=vl A2V AFEE L ok 99 Zekzut

22E F Torrtt F mTorrd A3 A "tEojx g Zat=np dxe] 3

HAskE e display AFelM = 2 A dulel et Aok Al et
T ZAAE L Aok of¥ ol f= t7|FelM T The e AekEet=rtE 4t

JHOoE $4seE AT ol olFelAm Atk AAW WG Eetzv o



Al Eetzute] ddAdH #FHE FEAFdR 5o EAHES HAAL do] obH 7t
A= ARAA A A gl W2 Aleko] dTh

719t Zgp=uE WA 7= o 2% Arc discharge, Corona discharge,
Microwave discharge, Dielectric barrier discharge(DBD) 5 ¢ thekst H o] ¢}
ot o]Fol A 53 fFxA A9 wH(DBD) arcings Aloistr] Hi FA471A
T ol2EY 25, F UtEe 2EE A A FASHEA AR EE v
T = T F o JAHYES 249 damage glo] A2 7bsstar g A

gt =u}l AA o] 7}53Fe] Ashing, Cleaning, Etching & W8] Ao % £o

kR

m{m

_—

7Fs 3t AR dwkd o 2 DBD+= FD(filamentary Discharge)= &3+ Z &
HE Feo W Pt detye, ols AdH oz gir|y ZetRvle] ¢ dA
EA 5o o 7|y Zekznt 222 H 8357 gL 7iohEoh

2 =FoA e HHAY Dielectric Barrierdldl =% Edo=z IgH
o]-§ate] Zp=utE WAL HAHY +H E&S Ze Eoh=uy 54
B2 g o o= remote typel® Glass, Si wafer, Photoresist® *]#]3}<]

A49) g7 208 AT,

2

L
=

e

o

fol



o] 24 uj7

‘Fet=vp et &oje 19289 W59 GE(General Electric)Abe] &2 8A91d
Irving Langmuir?} ol os] wtEo]x 7|41 o] &3 AHES Zgt=niet o
25 fFARoen, uA, A e 71A 9 ‘=2 A4 A’

gt Ed ol Eetzvie of23tE VARA YA LEAUATE aE
e A A BTG E F Fefolr, AAA] F3 Fel dsterb vssA

A71qo2 F+ FA(quasineutral)S ¥, ITEH -5 (collective behavior)S

1) = E}'ZE]’“} < ‘rT

Aeshd 29 2-13% 2ok 225, Aol asteta 5o Aol Aol 9%
A 7h&3t o]o] wE o] 3trt Eebz=wt Aol Yol = W] o F)
efzrprh AR 2 9ol FefEvks <& >3 go] 2k met high
temerature plasma(HTP)9} low temperature plasma(LTP)Z ti¥EE < gl+=d)
low temperature plasmat™ UHA] 924 HPAE o] AHxo] wz} thermal plasma

9} nonthermal plasma® Y& 4 v}t e Zg=wl Yo|A AR} o] 1]

I FAAYA Tol BF 27 Zod oy EgxvE dd E994 Hy &
2} =} (Complete Thermodynamic Equilibrium plasma, CET plasma)#} @t <=
Atk AT o]d FebEwle= ¥ UlFoA] Aok 3y e A9 ofF FH



AlZE St vk EA1gT o]yl YAl HP o Fetxnte AAH SR o] Fo
A7 A FAN EZFA spolA] F A deAl HYP S Jhssirt o
g ZgzuE B o4d9stsd ¥J3y  Eg=vH(Local Thermodynamic

Equilibrium plasma, LET plasma)gti 3o}, A% A4S 93 Zg=vp= gl
LTEY non-LTE Z&Zutoly LTEd+= HTP® Thermal LTP7}F 91
non-LTE®|+= nonthermal LTP7} it} [2]

104 ]

=
O

106 |

S > (0% 0

104

© > ox o

= S

10

1 104 108 100 1016 1020 1024
Qs (YX2/cm?)
S8 21 ofd b BehEek gee) WEe e 2

<E 1> Zgt&ve] &

High Temperature

Low Temperature Plasma (LTP) Plasma
(HTP)
non-LET plasma LET plasma
Nonthermal LTP Thermal LTP
Ti=T=300 K

_ Te=Ti=T<2 x 10’ K
Ti< Te<10° K * Ti=T.>10" K
e.g.. arc plasma at

e.g.. fusion plasma
normal pressure

e.g.. low pressure glow
discharge




a

Fepzn A%

2.1)

Aol dald wee w71
2} 25} A

E
=

of |l Aeje] £

ehzviel 4] W]

Aol &

=
=

=

A 4
T -

ojltt. &

A

1

o

=1
= -

|

o

&

ol¢] 3+ Saha equation

o
w
=)
o}

)

DEN

X
=

Fepzvto) A )

2

A HE A

F k.

L s}
=

3w

°of 9

M

gfzvto A Eep=vie] B

=
=

-
1

N LI

3T
=

ot}

I
s

12}e] Aot #AAH7] u

Mo

il

g =ut 2

= 3T
= =

o Foll A HolE oA

bl o] 2.3}

5|

=

217} 9}

="
LI

s
T

AL A

A v A&

DA "t o=

=
=

o |~

7}

ki3

ol &

sl7) %= shoh

3l

H
-

A e =

A

%50} 7

ojdel Aol o] vrAl 7h

1
o

olx AA

B

-
T

A5 H B}t

0]
H

ol A%HUA F4
ehzvb} 4570 €,

-
R

H Ao 2B of2d 9

{3

Z)
=

=

~
.H_O

)

—~
o

%0
_ZTI
il

o

£
HH
il
14

o

o}
o}

)

OES (Optical

1
T

2}z vl ol
emission spectroscopy) WHo] 2

3T
=

=
=

Aolm o] 9o = Langmuir Probe

kls

]



= "A

axe]

2)

I

Tor

!

7=

=

.=

o2 Ao " o]FA BE

s
RN

= 7]

o] £xEE AR of

97

)

i}

el
0

jase)

2)

p—

0
N
pells

~

il

o}

7}

<=

7 o]
iRy

A

A

Bl

2} =u} el

3T

Lol =
o =] el o]&L wj

1

ko)
pul

of HAfel 9

=1,
g

g8 7] o
1) DBD (Dielectric Barrier Discharge)

2]

o] 9]

) 3l

HA o] 585 aL
=3} o] 3}
o]

Ay A

A 27kA 9 SRR AREE oA AL

o

=

o
=

p=2

-
1
o
. -

2
s

=

[€)

=13
il ol

=

0

2ks}

Attt dx DBD
2> 4 K= A3 o] DBD

off ]

ol
=

Ea

P
T
e

A2

o
=

A7

=

=

Zn}
NE <

o
Ho
e

—

NI



DO
vV
ilf
A
N
g
o

Hu
=2
=)
it
2
B

Density (em ~3)

Source
ot, 05,0 (0] 0 ;
Low-pressure discharge 10 10 <100
Arc and plasma torch 10" 10'® <10'
Corona 10%° 10 10'®
Dielectric barrier 10%° 10 10'®
Plasma jet 10' 10% 10%

2) Eet=vk el

p

2.1) Townsend W& o] &

VOLi’FAGE. \

DARK DISCHARGE |

GLOW DISCHARGE ARC DISCHARGE

i

! TOWNSEND REGIME l

CORONA g

1
i
i
i
1
1
+
i
H
i
1

J SATURATION
REGIME

BACKGROUND IONIZATION
A i 1 1 ]

BREAKDOWN VOLTAGE

e o g e 2 e ]

GLOW-TO-ARC
Y= TRANSITION
1

1010 1078 106

a9 2-2 A%

a9 2-2¢ CHOo=RE HAF7l 5479
= A% melFu, o8t ge FAW AR Fbe

1074
CURRENT I, AMPS

= =
A4 54

DC ®HA|

S7kstel dAutI A Eol o2 H

Z 2 ALY (electron




bel olup A%

°©

A7} o
o o

o

[}

}

]
yal

QFAY S
Chain ¥t
3=

0]
yul

Ql

S R R TR

1]

3 o] 7S Townsend < & olzt

Townsend 2]

7}3&

STAZIA A S

[e}

=

avalanche)®] Aol o3k

l

S

pyl
ot

<
w:|1_
o
T
o]

—_
o

HO
L

il

oo

A

Hoh 71A9 o= P, A=709 AT 1Y o, Plgke]l 9F 200mmHg -cmo] o2

ad

)A

JB
B
<
i)

o

°ol-&

-
Y=

2A =4 13 o] =3 Alg e}k 23 o] =3 A

o

oy
R

sl7] =

a4

2

d)
=

L. B. Loeb®} ].

SEAT

=

=

i <F 1000¥H 4 =7}

o E/P7}
AALE o] F o = ol o] FIEA

o] & .51

H}
A7
7 2ol @A 9

=

SR
=3

[e)

&
=

]

o
[}

Townsend®] TAMEjH}IH o202
E—E JF 5o 1

2.2) Meeke] 2~E&H

of M”71 E[V/ml]

M. Meek

e

o
W

Gl

—_
"o

o

A AR e o]

|

7hel A7}

ol

=
T

7 AR )

T

==

7} AR E Qo]

=
AAALE ol o]

==

=z
T

X
R

s ol 7j e
2

PN
T
ol

o

=]

7

1]
=]



ﬂ
oF

4r
Bfo

o}
e

0

)

e

X

_EH

Ea

g o]AH o] AE T W (streamer)®] T}

14 At

9]

-

1

3

478

2=

¥ 2-3% go] A%

d daiol= d=3te] 2Bz dd¥n

A

ol
%

X
o}

w

1
T

ol

AAA Bl A 2Eem o] Age AALE o] el

-
T

Wk Meek

o}

}

]
pal

A

[e)

=

o

H

=]

2,9 7 W

=

A5

o

R

o] =

%

1l

oA QI7tE HA7FH e A7I7F HA

1=}
9
7+

—
L

[e)

A7 o] 9]

o whe

—~
o

Ho

)
B
il

—~
o

el A7 g

B
-

,?L

;OL
o)

}

A

L
=

%
o

]

Anode
Cathode

FE5E ddAz ARA

Cathode

[cm]7} #t},
Anode

Q-

3

[Torr]e] a2, 4
A

Anode
Cathode
=l

%
o

]

Annde

V(x/P)

g mgte™
Ak 9714 P

P
T

5.27x10

% 249} o] @A

Callbde

E,
o



Ao FAES A% 5, 5,83 dn nAF AAE g7 o9 AF 4
A p,e WA AR ATA AS B =(0, )E,E FoAT dnHow 74

AAvkn AL AR SHAL 5 (5,01 B2 Aol gk TlAldl A A
AZF 7hel A= Aol Ho] 71A] Kol WA dAnaE doiv. d=Abolol 17]
A ol ZIAlE A9 aF 1
e wg sttt FEr)7F B Ed o] FEVE ~EH 9% Zlo|t)
2EM O dops A=l 257k foerms a9 2-59 o] 1Al wwdl
A5 = olze WHskwall charge)et ek, ¥ A7t Skel 71A|& 9] A

b gaehd wAe aAY g8 Aol 2ol A 19 237 2o WFe] WA

o]
r>~l
2
ftlo
r o

N
)
Ol
o
=)
2
o
1o,
o
o2t
r
o
o%
o
fru
-
b
ol

O

o Mo AAWgo] AR AV AAVI= F7Fe] A=3Ee WA A7)
e A7 F5HEH AA9 97 oy micro-discharge streamer’} A= &

Abololl A Aol dAsHA "ok =, 3 o] dojyd O Fole W2

N BANGAA €2 B

10



11

® ¥\ ©
=== ———
Nyt ++++
— — ez
© @



m 243 FA % 94

>
I
021
ﬂ

1=)
0T
It

300mm
y74

100my

a9 3-1. FRAA A= 2ok

—
=2
>,
fo
Y
rlo
pd
o2
o

2 AT A AHEE DBDAACA ALEE ATE 19 3-

T

2 FA 1w 96% alumina %A ¢l
patternS ©]-83}] Silver pasteE =3 d X dE W2og FYsta HFHoR

=

e =" @ CMTECHAY] AFS  ARgsidch fraAel #4e
300x<100%1 gy ©1™ 0.2 ppel Silver paste’} =02 =1

Fuz =9 ook

12



Dielectric Material  Electrode Workine Gas

=

Monochromator

High Voltage ||
Generator

Oscilloscope
CCD

DBDel tie 542 B7bst7] slslM 9 3291 ol A¥ A4S T4 H9
o 98 d¥S UPS BANK KOREAAFS] UBK-500KFS ©]-&3te] 0~300VY

sine pulse A& & °F 1008 FTZHA|AA A&kt AFE3F frequency+ 400~

—

999 Hz7HAl 7h ol Zhesttt. Aol ARERE WHS gas® = Air, Ar, 0,5 Ad
O Fee A7IE A EAE TR, B AFS di7IddA FaE A

o,

DBDell ?17}5] = frequency, WES 712 G2 W] mE voltage®t current?]
H3lE =A357] 9ste] 1@ T EZH(High voltage probe)?l Tektronix
P6015A, &3 21& & Agilent 54621A%1 Q2 2 2~ 3 3 (oscilloscope) & AF-8-314
Ao A7tE+= AGy dFE A5, powerE AAFSEI T OESE o] &3¢
DBD Zet=vhe] 4 54& F74o4= PRINCETON INSTRUMENTSALS]
7344-0001 CCD  camera®} 12008 600  grooves/ mums  gratings®

monochromatorE ©]-8 3} t}.

13



V. 243843 2 1%

—_
Mk

ct=otef M7[H 4

1.1) Frequency W3} W& powere ®H3}

e Voltage ~ -0.15
Current
20000+ -
A < -0.10
10000 v <
= -0.05
o 3
> N—
N Ny
%‘3 ) 0.00 §
S g
N
-~ 4 0.05 ©
-10000 ‘ Discharge ' ]
- 0 0.10
-20000 1
. | : 0.15
-0.001 0.000 0.001

Time (sec)
% 41 AR wE A dse] wa =4

2% 412 1 KHz, 2530 AT 3pm®l 204 obF% gas flowsls
7] FollA W A dAFeke] BAS BolFa = adolv HFe

#7718 Aduw $4 Age] Frhd we Aol FHHE A/ I

af ddAe HAsrr FAE AL, o] Fel A=Akole] Ao Sl dAsH



A=Abel o] A7 Al7l= S7kskel dA=3te] Bd A7) 2717 S5
A7k dofut micro-discharge streamer”} =3 Abojo]A] ®AYsHAl H Tt
Zet=mtol] 17hE = energy @t powert frequencyE 400 fzoll A1 100 gz% <

A 1000 b ASEHEA Qold y, [ @k olgshel At

<y =¢f VIdtet o] Hifpower:s V, 1= Alttol] tis] A EE d& =

350 - 0.40

300

N

N

=}
|

EnergylJ]

Power [W]

0.30
150

100 .1 2 0 | = Lav m | — T
300 400 500 600 700 800 900 1000 1100

Frequency [Hz]

Frequencydl we& A ouyxe} A8 dee] wads v a9 3-29 2
th. Fuk49] F7bel wel it powers AP H o g FTUIEY HAY energy s
A A A4S S Hola k. B Ao Alg¥ power supplys UPS
BANK KOREAAF] UBK-500KF=4 frequency® 7FH 99 400~999 fz =

A 999 Fzo] 39 power’} H W7} ¥ & optimum frequencyE S & (It}

15



power®t  frequency® A#IAE  AHEYU,  AYHR AFe 4
V= Vcos(vt), I= I cos(wt+9 ,) o] aL o] ek AFE o] 2 9]

(py = in vigel dglstel 4w ahn

on o
_®

P=[0V0£(u cos(®f)cos (0t+ ,)dt = AT fo ’ (cos(® ,)cos Qo+ ,))dt

(1)

12

S
=

&

it

Stk o] e HAEHoz el A% gol AYA ¢,9 F5E =

F sivk

i

r (

P=% cos (¢ )

(2)

(

OAl 2% 4-25 HWH H powert frequencyol Wt S7FErolH, 94
¢ ,= frequency’} S7hgel webA W FeF Mol phase] AFol7t zhAstH s

s e g

]_

of,

T powert T/HETE AE

o

16



450

400

T
=3
w)
o

T
S
S
(o]

T
S
S
en

Im/] 1omog

250

150

100

400 500 600 700 800 900 1000

300

Frequency [Hz]

power?] 3}

=
-

1% 4-3. Capacitance ¥ 3}ol u}

mj

1.2) Capacitance % 3}e] u}

)

1 2] capacitance

A %

[e]
—|—|—7<

HSA| 7] A = 2L

=
=

capacitance

ol uet ¥ = 3t [3]

Nl

™

<
ojn

o]/
o

olo

3

o
ﬁo

—

0

hin
~l

X

o

e

o

~

-
2 F2

—12c2/N2m2l——C

8.854x10

29

o1 714

EREE!

*

7o) Aol

L=Se]
T‘I‘I’ﬁ

d=

-
R

A capacitance

A

d

719

A Apol o]

FAA Aol 9]

17



>
ofo
ol
rir
o
o
2
v
dlo
1>
o
fru
)
[
ok
-
%0,
v

AAFE capacitance®] W3¢} frequencyoll WE powerd W3S dolx gk}

<HE 3> A= 3 Ao wWE capacitance?] W3}

Gap Imm 2mm 3mm

Capacitance 58.823 pF 19.4893 pF 8.9423 pF

AZ7el Ay g7} FolASFE capacitances™ AAE AL AAS =3 &
[e3]

PN
T
9\/1 AL, Capacitanceﬂ 7% ;é] Zr—% EH f(ﬂ Z_'], o 17%% frequency Oﬂ /\1 = /\o]— Z(j' oz
=

waro] opet Aol WA, faAe AL hE s Aol wetw 2

1.4) Gas flow W 3}lo] WE powere] W3}

»

1A frgoll W& DBDO 549 wWstE AuEsdth 1rpHz, A5 AgeE
Immol A Air#S 10 Ipm? S7F A1A 80 Ipm7Z7FA] 25ttt Aire] S ®H3}
Al 71 A oscilloscope & &3}l voltage®t currentE =74 3to] Hit powerd] W
sleS Hkth

29 4-4, 4-5, 4-69 A2} o] Hit power= air?l flow rate’} 50 lpm A =l

Al A e BYa 1 ol gl A powers U ol FU7FEHA @9kttt F7HA
2 power’t 7} ¥& Air flow rate7b 40 lpmQl Z7 A frequencyE W3}
AlZIHA ol e Airs FeA &2 ZElet Blaes] Bkl 40 Ipme] Airg S
F A9 o 50%9 powerZ7HE ¢ & ATk Ar e Wste]l mE Pt

18



power?] W 3}=

Holal it

Power [W]

2 Wl gAY AAHoZ FiF powers FAE)
380 -
[m]
370
360
E [m]
= 350-
[
S
§ 340
<%
330
3204 o
T . T T ; !
0 20 40 60 80
Air Flow Rate [Ipm]

550+

500+

N

n

S
|

N

S

S
1

w

%

S
|

“w

S

S
|

2 -
50 o)

2% 4-4. Air flow rateo] w2

O

R

Air 40 Ipm
©)

average power?] 3}

Air 0 Ipm

400

T
500

600 700 800

Frequency [Hz]

T
900

1000

1% 4-5. Frequency®l W& average power? %3}

19



(Air 40lpm, gap 1mm)

500~
480
460 O
g 440 - )
=, ] 40 lpm Air
Qk) 420+ O
§ 400 I o
R
380
360
T 1 T I T : T i T ) '
0 2 4 6 8 10
Ar Flow Rate [Ilpm]

a9 4-6. Ar flow rate?] W 3}o] wE average power?] W3}

ui
=
N
2
i
)
N
B
rlr
2
zl
(i
k)
N
B}
=2
=
:(!)%
i
rlo
o)
I
-3
o)
o,
ol
2
X
[d
fr
o
=

Ao Bad Hed EA4S /A A Ytk o83 parameterS 2wl r] 9] &) A
Agels A g el wol ARE €t ARk g)sh &
ghznbe] o= ofd A B3 e Eek=vhe] perturbations @A Ab

fo] goldtx gt} olHl o]fE 7Y ZeFEuto| A9 parameterd A& I



sttt F7HH o2 AA° monopositive ion N 5 first negative system
(B3 7, vi=0, 18772 pwel 2IEHS FAsto] ol&H oldAEA
(diatomic molecular) ~ZE- 3} w]Wste] Z2=v}e] rotational temperature

T8 ZAse] 1 @e A9 svee] oe 4% Lol wmasl wott

2.1) DBDe°ll A wavelengthol ™2 Optical emission spectrum intensity 2] % 3}

juits)

Edtzrtol A o= AAFQ 2HERE TIF 4-7, 4-80lA HolFan 9t
AFEE b FHE AL Ard 0, EX A 28 479149 200 ~ 420 um
< 54 &2 N,° 2nd positive group(C-B Transition)¢]t}h. ©]F 295 ~ 500
wm= No(B—X) T3elth o] & 380 ~ 410 um= Nj(B—X) Ttolth e
3371 pm Q1S N,L(SPS © Second Positive System)o]il, 3914 yp 221
N3 (FNS : First Negative System)o]ltt. o] N FNSt= oo dAAEA9

rotational temperatureE &oluli=d AFEEH L o] FU7] Fo Aol o3

Hsold N, NiOl BE 2EgEz @Asn JoE RS %+ AT ol

)

o= a9 4-80lM = Ardt AbAae] 54 2FEHIS Ho] Fa gt

il

21



Intensuty (a.u.)

.. 3
N, 2nd positive system N, (B I1 - c’rI g)

1.0+ | |
0.8 $ ‘:i
~
0.6 ng E = N+2 1st negative system (388-392nm)
2R s )
o ZN vy Q
~ ~ N
0.4- = ? &S
2" 33
2 g 2
0.2 - Q, 2
Z,
0.0
T T T T i T H T T T T T
280 300 320 340 360 380 400 420
Wavelength (nm)
a9 4-7. 339 wE emission intensity 9] 3} (3007400nm)
Ar I 4s-4p
1.0
0.8- 5, %
=~ N
3 = 5
S 0.6 ) = N
) o~
= 0
& 3
S 044 N
= - (o)
N o
~ 3
0.2 -
0.0 ]
T T T T T T T T T T T T 1
680 700 720 740 760 780 800
Wavelength (nm)
2 emission intensity2] ¥3} (690 ~ 800nm)

19 4-8. 330

R

22
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