creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86t AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Metok ELIChH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aeles 212 LWS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

TR b B AL B X

FEYCH ARz Y NMES
SR QAHE A IS 4

20184F 2H
B NEE pE SRR

&
psl
H
1B
=

ok



TR b B A G X

FEYCH SRz s NMES
SR QAHE A B Y

e & R —

o] S  LEMEL BfIfm o= R
20184F 21
B NEE pE SR

&
psl
H
1B
=

ok



o] VS IFEEY Ha+HEr
o i

20174F 124

IHE IBEL # B & @
8 T2+ X M W @

8 I8+ & R — @



H X i
ERatt Aty ii
AT A& A& 1
AN A Bz defst 54 2
2.1 F-xof W33y 2
2.2 B4 9]
2.3 7] AALF Az deel A 7

A M E FFHEZ 57182 2dy 3= g2r| g S5H 13
31 F2A 29 W (Dielectric Barrier Discharge) 13
32 8% #xo AVH S8z =4 14
33 57t = dgtu e o S 15
RVECE g el T D T T ———, 2]
A N A A 14 A5 EF ZVS-PDM 5T QB E] Q] EA] wevrrrcsmennaned 24
4] YEFH O] T 0]0] TR T QTHIE] weeeersssssssssssssssssssssssssssissssssssssssssssssssssssssasss 2
42 Aerst 14 9= &5 33 AHE S SZFA B FZFQUT] ceeeeereeeennss 35
43 NEHO]A ZTF T TLE rmmrremsrressmssssssssssssssssssssssssssssssssssssssssssssssssssssssssss 4]
44 TIZET} HOFT] Q] AT ermeessssrssmsssssssssssssssssssssssssssssssssssssssssssasssssssssssssssssssses 49
45 AE T} E TIEE e s sssos 52

F| VA Z B s s s st s s st ssessses £
AL T T G] eereeerseeesseessssssstsessisess st sses s s s s s R e R R R R e &7
ABSTRAQCT seeeseressssessesessessssessssesassessssassesessssassesassssassssssssssssesssssssessssssssssssssssassasassssssssnaeses 70



37}

i

ol
o

0% QAHME ol g HJE

E=
=]

)

]

153}

[e)

Rl
of

M=

(Isolation Barrier Discharge) @& o] &

ok R

-

T

q

Z
L

e

ol /1%

3L

AN FAA ZH

g
2

'

il
B
=a

el
<]

EEREE

12,

3
A

:‘16]_ [}

=13
=

} 14 d%%3 ZVS—PDM 1153 QB E 9
a1,

o)

I8z mdg 47

A

=

A=%53 PDM 153 QIHE

A1
A

o] 24 322 M2 1

)

A&

00,

=5

= 7 #3A A

=il
=

gl

fe)

54 42

3},

[e)
il

B
o
Ko
o

jzel

il

a

of &3 W7t Fot

et a3 EoA A Ee] W

AL

79.5[%]12 13[%]9]

gt 14 9AAY ZVS-PDM

el =olo] 378 AW

A

5 QIEEZ} Adee] Fo

at7] o

s

K
gA7t

B
=

i

b 14 A% %d ZVS-PDM 179 IWE 7} 23§

Fell A

5]

14 sk A7) Yeg

5]

92.6[%],

A

Fu 500[cd/m2]9]

o]
o= 43

+ Azl oalA Al

o

B
1 E

[e]
L
E
F3t 9
o] ] 3l

2E
a



0,
iu)
J[m
ﬂ
Y
=
=
X
2
(@)
ay
=
Z,
ay
=.
[oje}
&
o
2
&
N
N
o,
rlot
ot
N
FN
o,
%
ofl
ofr

ol
K
N
o
fru
Mo
2k
u
o
O
>4

[
&
rlr
i<}
)
k)
(0]
f
(0]
2
o
-
:?L_‘,
ro
P
fllo
>
>
ofo
ol
X

g Aart glomz gaZeoele s sk A9 327 Besh{1]-[20].
ojzlgt Ml 3Eo M2 FEAITIZI fliA= 39 MOSFET, IGBT-S
HHd 9 Ao Ve LA
¥ ol nFwsl, AFstd digh AF7F JFEHEA 9] WA 294 vl
ojxe] 2913 &4 1 29F FAe YA B = A o= FL

a5 29 Ao o) LAsE di/dty dv/dte] F7F 59 Aol HEFE

ol LAIHS As7] fellA = AFdAE= FHA FH - (Isolation
Barrier Discharge) @< ©]83t 4 A2 E ZF3H7] s A= A5

BYANE At WA, AL



AN FFH=Z

o)
&

|
B

AL&] A 23

s

A

T

o1

)
B

Al 714

o] %71

woll =AY Emelnt A ARgE XAl v ey

B

o ¢7]

ge), B 2 5

2]

o o] 54

7|l Bo] ALE o] Q).

- T
L_FrO

Foll Ab-5]

2

Els

%17

]

(o]

2.1 79} 43U

|
B

e]
TH

—_
fite]

bl 27je) A=

'Esgz‘;

3

=

==
)

B

SRR P R A IR

)
_ 1o

37}
3| 7}~

1
s

39 FpeA

ATt

TEE2 ¥

A=

H

3 bt o

=

s

Xe& A=

T -
i B

[nY

fife)
o
B
]

o]
&

N

Hr

As EFAT =



Qg4 wime] W 92 Uehd Rojth 19 2.2

Apolol Fs} sLAgke]

o

=
o & E=olA WA Fo] arHeto] Ay s
oF, S o] 3 Ste] 17EE7] wiEo]l UFel ' Xe YAE o 7]/
(Excited State)ollA] =A] 99 714 el (Ground State)®= Tl o]ujo

WAsk= HolGER)AUAZE e ALldor Ha, FFATE 7N

2 &
Hgeo] 3 F¥ow o
G A2 Xe 7k BTl dojus FE ARGER)E A (2.1)~(2.7)°



LFERA AT

Xe + e — Xe  + e (2.1)
Xe® — Xe + 147[nm] (2.2)
Xe" + e — Xe' + 2e (2.3)
Xe" + 2Xe — Xe," + Xe (2.4)
Xe;" + e — Xe™ + Xe (2.5)
Xe™ + 2Xe — Xey" + Xe (2.6)
Xey" — 2Xe + 172[nm] (2.7)

2 (2.3 A (2.2)2 Xe Az TE 93] 7] (Excited) 9AHE A3t
Al et 3 =92 FE 9 147[(nml7F EEFetE 7]FtolH, iR ASF 9
g W FolA ZFstE 147[nm]e] FE FAY7|FoIth o] wEe T
E/N®| gtoll tisliAl Xe 7k FellA A= Fst7] ofgal, 3 Adxte] 3
T AUA = ZobA|7] wiiZo] Xe 7] (Excited) dAte] HAb F& 39
A A7t dAekA m&e] AstEr

5, 2 (2.2)9 AR 2] (2.3)9 HHo] AujAe]7] wio|t), FFFo]
7b FobAW m&o] Aty A% 2L o)f wWEo|th dnkH o

H o pluA S HE JFo]l oagqA(AdxE Ao = o
i

1=}
H

=1 S T | o T

a
Ae & gAY, ° AT ALAS A7) 9da A Fohem A 2

-

Xe ©17](excited)97re] A7} & e} FA A7t AujHo|n, Fol
WolA = Arrl frh YA O R NeolA] Xe DFr7tzrlste] ule 2=
B A QAgte] Wolx i A7t AAE AFo] vk 2EZ AL 5
Q= olf= ol7le] 9

9% AFe AgE o wAsks vAl PAd @ W) AR
dgdem Wi olAet A% FA6] @Azt Ao AFHor Fral

AL, 7hEE AAbs Xeo] HA o7l A (excited energy)E Af- 23 A



3

FA7E wlAl

R8s

7) @

1
w3, Xe 7}29to] 5[kPalo]

9
pl

2 "y o 243

ol

=

=

o] =719 elluA

s
a

)AO

o

R

¢+

L

;OE
B

X

(2.1), (2.3)

Xe 7F2aqto]

T

0
)

f

3|

)
T

172[nm]7F 147 [nm]-&7F4

14 9

}

9
pl

o

°of 9

)3
tct.

S

&

AR7F A (2.4)~(2.7)¢] FAANA 7] (excited)

-

)
T

}

9
pl

bl o) A] o4

1§
T

°©

oLt e

Al 71 A

2~

gk of7]

R R I

sTh A4 o]},

= 44
=]

(1) & nALE:
o] =}

2.2 54

o
Xe
o]

H

%o

e

o
N

<

N3 (CCFL : Cold Cathode Fluorescent Lamp)

o]
&

|
B
R

o
0

<]
o

E[l—

CCFL 9] o wel ¥r|7k a4 WEshA

il

el

el

il

B

o

)

uze)

il

i
ol
)
N

o)
B

20
1=

-
[eXe]

I Axth CCFLY} 3|7}~ 3

3|

I 18 245 MW



ztol= #HE AS & vk
110
= N
iy B
N -
Fl 100 —
= L
X F
90_ | | | | | | | | | | | | | |

(@)
=
o
(@)
Do
o
(@)

300

ASAIZF [sec]

O

a9 2.3 Xe FEY A 2= 4

ol

=
54

Fig. 2.3 Relative illuminance rise characteristics of Xe lamp

120

70 [ T R R N N
-60 —40 -20 0 20 40 60 80 100 120

Y 2.4 Xe BEY FH 2x B

Fig. 2.4 Ambient temperature characteristic of Xe lamp



(4) &=+ A4
CCFL2 Aol ofsf =9 a7t dojdnt. T3 &istes F2% AZ

o] At fejdat vl Ha

o2 FEL7F HAeshA Bevh i, &S AR ¥ 3t g AT

oAM= o] & S dojuH ¥aL, HAeskH e W7k Azke] CCFL

of wlsl - vt

2.3 71 AAEF 249 A9 &4

71 shstEol] s A EFHF(EL : Electro Luminescence)2 19631
o Pope, Kallmann, Magnate 5ol 23] QFE}Al(Anthracene)] T2 7 o A
Hz2 SAHJIAR Agtd =27, G278 4F AqHw, e =& g~
1,000[V]) wiitel 2

g Agete] Wy wau IS BAAD 5

=

(e}
ad
7 Ty
=
i)
=
Oft
o
>
e
>y
L
5
g,
<
—
©
oo
ﬂ
r
—
o
=
0Q
o)
>
ot

2.3.1 F7]EL &% F+&

F7IEL 2Aks 7] ERAE 2FT 771 ARTE dSAkelddl Fo] =

T

Tx2 29 259 vt 19 2.5(a)= %= ZH=(Anode Electrode, = Metal



Z(EML : Emission Layer)/s=r %= (Cathode Electrode,

F2 ITO Electrode AFH&)S =4 =

J=1
=70

Electrode AHE)/

Hole

(HTL

i ﬁO
4o
b

Ho

0

TR

7

(ETL :

ﬁ
Njo

vl
=70

2}2}

(c)+=
Transport Layer)o]uy Z =}

a3 259 (b)),

= Electron Transport Layer)% 3}

PN
T

B
my

Njo

Njo

B
my

aj
i ﬁO
4o
b

= AHogRE "ol

==
1o

oF

o
HH
el

Njo

o}
2,

H o]

HA At

}

)AO
_foo

E

o]

o

tortayer

Hole Transport Layer

N Bl

Emission Layer

(b) 2 layer structure with HTL

(a) 1 layer structure



Electron Transport Layer

Emission Layer

Hole Transport Layer

(c) 2 layer structure with ETL (d) 3 layer structure
Iy 2.5 f7]ELY) & +E

Fig. 2.5 Luminescence principle of LED

2.3.2 $7|EL 239 247
R7IEL 24bs 9174 Aash Aol Fuo] olFati, o5 Aele] A

A% oA elal 47Ho) WA 54 WAYES AT A K7IEL

lo



A W o @ BEoA o]F FepEEol AR wt AAFse o748
YASA Bk AAEE o)A 20 2FAE we dFFGCingle), B
4% (Tripled) 17148 YA Ak 48 o714

b ANA FHE BolbEA WP 2WS T W
Wo] WA g,

rr

Anode = Hole Transport Layer Electron Transport Layer Cathode
e P>

% 2.6 §7] EL 2xFe] w3 314

Fig. 2.6 Emission process of organic EL device

L AFE AEolA e BT BSHE Aow deA At



SAFCE FY Fust 4FF FeE 1302 457 W] F/EL
2

Ao o]2A Y Uz 8L H1 5%l g#EA ) AT, H 2
JEF 77 2%

HEg ol g3l 4FY vl WFE FssA sef )

4
0%
b
fol
o
fo
o
r
Y
rot
)
Ll

Do
w
w
Jo
N,
=
P>
2
1o
B
N,
2
o
1
2
Jm
oX,

7] EL 228 AF—-dsh 54 542 28 2.7(a)o] Bel viep o] o
oot AR T2 545 uEkd ok iy 7] FollM B3R
T A= Abolel FA4E gk S0l os) 71 AMAEEIE 2487wl
ol59 HFS uHT HA7AH 57 REE a7 2.7(b)of 2ol thole =9 A

CREEIEEEERIE £ DI sy

Current [A/cm”’]

OLED

Voltage [V]

(a) Current—voltage characteristic curve (b) An electrically equivalent model

11



A -
»

Luminance [Cd/m’]

N
y

Current Demsity [A/cm]
(c) Current—luminance characteristics
a9 2.7 7] EL &xfe] d714 54

Fig. 2.7 Electrical properties of the organic EL device

a8 2.7(c0)E §7] EL &% AF-3= EAHS Jepd Zolth 7] EL
< zded A7 758 24 9 stiE #7] EL 249 23 o732 &
AW EZ §UHE AF vlEsc. 28y, §7] EL &2 @3 o] &
2 el fr1EE Astel vEsts AL olHE=E iy FE J2E A

g o 22 EZ fUsEE AFE Aojste] AxE Eds= 2ol wYsith

12



%

—
[e]

=
=

-
(¢}

(¢}

oy A

}

9
pl

o]Z# NOx, SOx, VOCs
e Zebae} Ak st

Q

5}
CQ‘

=
U
4l

aL
aL

)

gz AAgEo] g Heo)

&

(Induction Lamp)e}

Ay
L
L

2
A7

=

: Dielectric Barrier Discharge)
o

F wa

o
=
Fig. 3.1 The principle of common dielectric barrier discharge

%

S
Tl

AN FFAZ 57182 2dd 3= v2o g

3.1 §2A A9 9ADielectric Barrier Discharge)

(DBD

=]

5
o

1

W7t a1 AAE ATew

il

ol 7hA

13



o

e

Asks Vel 3 o]
#d (V,+V,)/2 HSte]

1

s

coldlel W el A

sl AN AdVs7E e o] A EHA R

A ]

So] elwe} Vel 747t 144

3.1 Fx¢

e

)
B
Gl

w Al M e

1

R

2]
1=

o

%S
B

—

0

Ho

B

A A

ATk,

PN
1B

[z
=

C ok

<)

| 7V

SEE

S

e

E

=

F A )

°©

=]

-

=0
32 3% A= AV1F T2 2d

o

ol
ol
o

a9 30A ek el AF Abele] fXAE

o] HAw T4 ¥ o]

Folth. oJZAE 7F 322 vehld 19 3.29F Zrh

S

1=}
F

ojo

el

C = A

Cot HER tho] o= HA 7}

o2 etk 19 3.2(a)F 9=,

1

s

it

2

I

o] Ay Agtoz Ve 3, 19 3.2(b)

=

AL

—

)
4r

e

o
l,
fife)
N
iy

14



telese] AR Ee AUt ¢o AW F2st Ak A Ao
A Agel Velstz fk| we] £ua, vl sk ¢7F AE A&
of Q= AHst Wk olg@ A71A F7b sw mde] ols) fHA %
S

=2
-
wols madow e & 9ok

[
o,
ok
2
N
o)
we,
=
ol
2
N
)
o,
uit]
[

Co—— V., o 1
-— V,
A ==
[
C,——= A
{ ¥ —
o—— B 9

(a) (b)
o9 3.2 ¥F #29 A4 3R
(a) Aol Q=2 57}3] =
(b) Holo= BEx 9] 57132
Fig. 3.2 Electrical equivalent circuit of fluorescent lamp
(a) Equivalent circuit of a zener diode

(b) Equivalent circuit of diode bridge

3.3 S7I3 = wvE Y SAYHY

a9 32004 ¥y #xe] 27} 37 mde] 32 meivE O, C-‘: o 52



=

JRER

I3

b1 9

°©

?_

=

=

o] sajulE

TR

o
0

W

T o
N B

™ &

(3.1)
9

g A A
B AR

‘C]')‘:]]-

3

]

T

A=

o
==

1
s

al

A

Jeny

Sja=
3.49]

Gl

%748 AW
°
=8

=

a
=

°©

3l oF

S

= Cs 7t 44

16

[ -
= 7 Jth 29 34cMAE A A U

s e)
] —

°©

Ay
1A

o
H

o

T

=

hyA

Fig. 3.3 Parameter measurement circuit

a3 3.3 ek

Q= C, XV
14 C,>C 0 HEs

[

QAR ~F
7F 32 selugle] =AHo] e

(3.1)ellA G, #

a,el ol

o

=

Al
&

o 7}



Vin

AO=C,-

>V

Vb I/ Va

(¢}

a% 3.4 V-Q AT =

Fig. 3.4 V—@Q Lissajous figures

% 3.4904 YA =8 BO9 DA 7]7He

Wi,

7z}t

ee

A

3=

7}

gt 5

1}
9k

o
=

T3 ABS} CD 717+& miHbAd 7]7F

Aol whet P

<
RS

9]

« &

CERE BN

WA, G o A4 g

3 2},

KeN
1=

et

1 AQ

= A3

Eix

= %

20 3L
T —

?l,

5

AL

At

(3.2)

AQ = AV, XC,

VLl '1% H]

o171 A,

(3.3)

F71 o

S

—

Ho

o

e AQ

17



of o] 7|zl C .ol Al A V,, & ol&ste v #AVE 4|

i
=

o

o714, YAatg =@ v 7)3tel R E= A A-Bot FEF] 4

g2 4 (3.5)¢ &

tanf;, = ——— (3.5)

24 (3.4)3 4 (8.5)F st 2 (3.6)°] HTt.

AV XC.
tal’l91 :T‘/M (36)

T, 4 (3.2)% 4 (3.4)e POBE 4 (3.7)% o] ek 4 qluk

AVleQm = AV XC,

C = M (3.7)
“ AV '

A (3.6)3 A (3.7)2 27] wZol ¥ 3.49 gAkg =gl SlolM niw
A 71ze] Vw7, S A% ol tan e AEA 7IREe] Ad &% G, 9

2o weA, ¢, Te e 2.

lo

18



(3.8)

AV XC.
AV,

tanf, =

;OL
i
S)

o
ojo

e

0

T

o)
op

WA 717 B— C 7)1 7)) 9l A

(3.9)

AQy, = AVLQXG(]

—_
110

7] w2l o] 717kl G ol A= AHAV, = °l

W
s

jpuze)

(3.10)

AQQ H A‘/mQXOm

N
o)
N

,.EO

(¢}

o714, BAbg =

3} 2y

KeN
1=

S

G

(3.11)

i

[e)
=

|

Fe 4 (3.11)

S

(3.10)= °]&

Al
&

19



AV X C.

Av, (3.12)

tanf, =

ok A (3.9)9 4 (3.10)2 A= gormz tA Alshd 4] (3.13)9

ol v & )

AV, X G, = AV, ,xXC,

o AV, X C, (3.13)

4 (3.12)3 4 (3.13)2 7] wiel 19 3.49] A =l oM W

A 7] 7127, Z A ¢f) tan BE HH /0] AW &% oo 2

oh webd, % o ohea .

C, =\tdigy = W= (3.14)

G, 2 ol e AdFomm B Aol AW 8L A (3.3)L W

sho] A 4] (3.15)9F o] Hh

ag ™ Yy
= (3.15)
Cq_qlg

w9, AT =Y Q=09 Wel WZ AL, Z BY AW v, Vel A9
A= PR fA AV 2 272 e F Ve A (3169 2ol
e 5 ek

20



(3.16)

H]

o

(3.17)9} 3Fo] YERd <

AN
LI |

A E

g

(3.17)

ol

b 7)) Fhol7] o

3
R

SEREER

o
B
110
N
i

=N
N

0

—

0

(3.18)

P = SxC, Xf

<

=
=

3.4 ¥FPh x| veng

% et

HORESBL)

b
L

Al 7

ol =A&cr. 29 3.6904

kel

d

Hj

il

a7 3.69 ol 54 3=

1
s

Tl A

P o, A7) el Al

S

7|2 AL

=13
=

PN
T

w

=

el

1
N

21



a9 3.5 3%

k2

Aol HeAl N

Fig. 3.5 When the shape of fluorescent lamp lighting

output

@ oo oooooo % |:|

O

a9 3.6 A3

Fig. 3.6 Measuring circuit

22

=4E

=37

E
rir
B~
OO
ﬂ
wW
=5
=
it
|\
ol
fllo

548
A E

500[Vrms]e #

. ko
V., P&

e o=

TFa g

[d I



TekELE g ——— ]
ALl

200 v

— M10.0us A Ch3 & 1.40V
Ch3[ 2,00V

5+~ [190.0000s
O¥ 3.7 A5 AT =

Fig. 3.7 Measured Resistance figure

@ /—\Jl (3.8)&%‘4151 Cag% ?_—3]_1:5 1:]-—%?/} 71%1:}

g, = 2L o107 & 200 ]
I T S .92 X ~
“ AV, p

2 (B.1H)EHH CE Totd v L)

o AV, < C. 671510~ 10 L
= — Al 6.71 X N
g AV, p

Al (3.15)23E WA 7o AALE ¢S Tabd ohea )

a =

_ C,, <G,

Y9 . 516.97x10 10 = 1
C, c—a, 516.97 < 10 5710 pF ]

A (3.16)2RE A% ubA 4 A V.S Tahd e g
V., = 237.88 = 237.9[V]

2 (3.18)25E WA AE pe takd -3k o
P = SxC, Xf = 30287 = 3.029[W]

23



ANVG AL 14 4=FF ZVS-PDM 1+t
AWE 54

4.1 GHHFRl Zojo| FF AWH

i

ot
lo

WA o2 =olo](Royer) g AWEl= T2 A4 A4 wejo] =9
= 933 WEZ(CCFL)9| H58 322 ARSHoA gou, 3ol g4 B
Ao B2y SAP], 20 S w8 FYorE: ARgHoIA AL gl

T 412 kARl Zolol wx1g IMHe 25 yehd Aot 1d
4.1004 AL A7 12[V]E o83, dFsE s sHd] A =

lo

E ool EAXaE § 2 5,2 PASRGY. B3 $ehE g5 e

P AT A FIAR 4714 SR RO dehigc

: Np2

A/

% 4.1 dNbH]l 2olof XY AW Ee] 3=

Fig. 4.1 The circuit of a general royer resonant inverter

24



Ean

ol

e owE Aey

Zolo] w319 IR AH F IREFEH And
ol7] wEol A9 Ae oy I=rt Poz 3= g wale)

rlr
»
i
3,
0,
r_>i
i
rU O
N
L
rE
E
Ir
g
>
=
2
2
us
o
>
>
oo
ot
v

S 4.2% PAM Aloje] 9gE el itk 13 420 vhehdl 2AE
Qs om DC-DC AMEE Zolo] T4 AME el v sl e

P vk u) 24 7] A
=TT i
A ) — DC—-DC #AHE ol 1 ] e
ZFA AT
A s 2

19 4.2 PAM Aloje] 9¥
Fig. 4.2 The principle of PAM control

25



it

a2 ON/OFF

1
s

CEE

Ea

HE] <]

|

o
€]

i

ArE 9 23

(@]
Fig. 4.3 Appearance of a general royer resonant inverter

292 8,3 S,¢ Ho]
AAS, ., Syoll moj= Holx AFE FEdth webA o]

B

1o

X (Lissajous

1A
=

==
T

o it

Ay

b A

b AR 9, 87

o
H

=

<]

gl

Curve), =914 S, 9]

26



9 4.4 2olo] FXE QIWE AAME

Fig. 4.4 Connection diagram of royer resonance type inverter

a9 4.5~29 4.8904 29X 52 AR 2AA(ZVS)eE M- ¢ ®H-
Qxsle] 29 Ao o3 WAHE &£Ho] T JAHE AL & F o
olgg ZVS &2 dE AL 6.5[VIZHA] AsAAE WglelA] etk 1
2luh 7.5[V]IelA Rz HFo] ZAwrol7] AlAtatar, 6[VIZE HWH $ds] A

T ZgellM ol W 74 Adske] Asts @AsHA D 4 e, A
AdgE BHo] o] FojAaL 3l

=
A o Ae o vk =7 AR Bl MAZE EAsks Ae 8

27



offl
)
=2
1o
:?L_',
>
X
N
)
(i3
o
ol
rlr
P
o
fr
o
|\
i
)

(a) Light—on state of the rare gas fluorescent lamp

Tkl e e —

e

Chil 200V  J8iF| 5.00v . M 2000s] & Ch1 o 200 V|

W[11.60 %

(b) Lissajous curve of the lamp

e e =
; U

chz[ 20.0v  |M[10.0us] A Ch2 & 19.6V
500mA
0.00000 s
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Fig. 4.5 The waveform of each sub—voltage and current of the royer

resonant inverter(When the input voltage is 12[V])
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30



(a) Light—on state of the rare gas fluorescent lamp

Tkl
u

Chi[T 200 v &l 5.00v M| 200ps| A Ch1 4 200V

(b) Lissajous curve of the lamp

Tekfil | [

k]
pl il

:]4 =

al

st Ch2 20,0 V‘-““M-Q-O-.-Ot:.ls A Ch2 J wh0:6:4
N . 500mA . . . .
5 . . . ++0.00000 5

(¢) The waveform of the voltage of the switch S;(CH2) and current(CH4)

31



Tek 2iE |  — —
. 1]

BAS

®E 1.00kv |

M[10.04s| A Ch1 S 80.0V|

i~ [0.000005 ]
(d) The waveforms of the voltage(CH1) and the current(CH4)

Ch4[ 100mA

of the rare gas fluorescent lamp
a9 47 2olo] Y AWl 2 ¥ A AR 3y
Fig. 4.7 The waveform of each sub—voltage and current of the royer

resonant inverter(When the input voltage is 7.5[V])

(a) Light—on state of the rare gas fluorescent

Tek (F1E - S —

&

Chil 200V @iB 5.00v M 200us| A Ch1 4 200V

W[11.60 %

(b) Lissajous curve of the lamp

32



Tek (F1E |  —— m—

o

——n T pe—

D Ch2 - 20.0%

2 15 A CH2 e
500mA

+¥0.00000 s

(¢) The waveform of the voltage of the switch S;(CH2) and current(CH4)

Tek 2iE |  — —
. y

DS

®H 1.00kv | M[10.0ps] A Ch1 o+ 80.0V

Ch4[ 100mA
>~ [0.00000 s

(d) The waveforms of the voltage(CH1) and the current(CH4) of the rare
gas fluorescent lamp
1Y 4.8 ®olo] Y QAHE 7 F Ay Ao 3
Fig. 4.8 The waveform of each sub—voltage and current of the royer

resonant inverter(When the input voltage is 6.5[V])

4.9% =olo] &% AW 4 el st wE = 54S
4904 Flme o Fdo] o] WG] Hlo Fitoln,

x Al=go] HrF dido R sk A% shupo|tt
Y AT 234G AWEHA =L Ao S Ztete e Aojshs 39

kol thnjsto] flmof Z2 vhr]e] Ago]l Ao dyor Wt yri= 4

33



o] HA,

S

el

TR

(b)

(a)

2000

1000 |-

[zW/PI] T = &

14

dHd% E[V]

Fig. 4.9 Luminance characteristics according to input voltage variation

>

o

1

Shlel A% ol A

E[l—

HH
1]

_‘{54

Bl

B
i:’

Jo

Zo]o]

1
=

ZHA BZ ofo] Abg-E]

=gye)
@!'o—'é‘

5|

B

B!

TES R Aol

b o =

S

;OL
1m0
L
el

0

34



o

RN

2 AR7 ARe) et

1

%

s Lol )

S

o] AZZKE <k

1

o
H

Atk 18 4109 o] ¢

PR

(= Fr} o]y

5

e

}

P14 9E%5Y 139 AWEY 2T 2 TFY

2 A zolo] F4

k<)
s )

2154 0.
27

0]
4,109} o] AR

4.2 At

3}

. bl
et =n
2 |
] —
. — wA
>
> 2 I
=
™ g T
e 2 s
i 1 ER
ol S S = =
= g I
z Kl
vl
o K
.g X0
T 5 -
- 5 o
jut} m 4] i
= GRS
o &)
W.L ;Ivﬁ (&) %
* 5 s G
o [l R o Eo
I 0 =
{ —_
o . JvM_
4 M mo X
1 ¥ 1Y I J
a e ME
e LU s
g —~ 3
S —
m o o JJ )
I\ o & .
L T < ny
o (e>) Og
—~ X
< =]
T
G o
Moo=

35



1] ofgth

°©

& 2BAto] WA

il

o

B

=

=

7} 32 =

o

‘o/‘l =
3}9] MOSFET (IRFP264)

hyA

20
L=

1

19 A7t} wF AWE A

, DC 12[V]=

] A=

()
e}

2

2

_(H

gl

S

5 O

-

ko Az} o) =37} 7
H L oz 1Y

ox

l
fife)

ojo

=

=

o At

o AHER] At HA WFE Ao (PAM)

3g AZ g8 AT

Ze

Skl A 27}

—_
fife)

ot M s

s

1

2

°©

=
=

o
o w2 Aol

1.

kel
=1

o
H

b

7]

=

Toys®l

=l
=
36

kY

3 ZVS—PDM i3 QIWEe] HX
22, PDM AH]& D

o 1571 1(T,,

°©

PDMe] Ao
A&

o

PDM AR &2 A<

a9 4.11

=

(4.1)¥} o] PDM

H]



(4.1)

Power injection

Power non—injection
Period : Toff

<
<

TOI’I
T, + Toﬁ’

>
1 d

Period @ T,

PDM Time Ratio

 JO [eUSIS ojkr)

Z]

2]

3 4.11 PDME] Ao

Fig. 4.11 Control principle of PDM

IHEE PDM %202 Ao

TEE 2F 9

A

B
i

0

Eackd

1
s

AV,

o}
B
e

%l

3!

ox

PDM Alof #

ZVS—PDM 1153} <1 E <]

<7 9ok 19 4.12

[l
=

[e)
Rk

ofled 7, 3R

o3
=

(¢}

5%l

(¢}

Sl

S|
ax)

T58 1

B
o

0

To-

4% olg

il
adl

nrh 1%t wgle) ol ¢

=l

71¢] 2%

(2) 2= 2

R e b

hyA

|-9

ne 9= ~9x S}

A A E <}

37



291758 M-0make w3k 2917 AfE FEel Az WolAAw )
9] Agke AZERE sl Ash) el GG 29 (VS H- oLt

A, w3 ojz) QdEElAe] FHE ouUAE A9A SV d-49 o 235
o= =¥, Rl Y] AHEF Gl Vb A WA KA AGV.E 2T
s, AZE= S JiAS
(3) RE 3 & Rt 4

RE 33 BE AHAE G el A= dste] W {4 AV, oletR ¥aL
o] FREE Roolth olw 1A5 AR % X HFol ko] wkdgitt

(4) 2= 5
EE 5= W A Adsdo] B A4 ARV E kel REoltt ofn o]

(4) R= 6 & R=

HE 63 RE78 29X 89] AR o2l =7k &2 AujAlE ] =11
AR AF7E 2=99X19 A E gol] o=l AF(Ey) et Fxle] Evbe Ko
o o, ™ tho]e = mEAle] A9X|SE "8k ZVS B ZCSE Ad

T e, 33 A ANIdeR St v BE 1olX 8 A Abe] il
=

38



i
I

39

vz



e, 0
v
z

i
I

40



2= 7
9 4.12 Aoe 14 dx%8 ZVS-PDM 1F3 oulE 9] 7 m=w F2k1E
Fig. 4.12 The each mode operating principle of proposed single reverse
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Fig. 4.13 Simulation waveforms of voltage and current of switch and lamp

(PDM duct factor(D)=0.8)
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Fig. 4.14 Simulation waveforms of voltage and current of switch and lamp

(PDM duct factor(D)=0.5)
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Fig. 4.15 Simulation waveforms of voltage and current of switch and lamp

(PDM duct factor(D)=0.1)
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(d) Waveform of lamp for PDM control(CH1 : Voltage, CH4 : Current)
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(e) Waveform of switch for power input at the start(CH2 : Voltage, CH4 : Current)
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(f) Waveform of lamp for power input at the start(CH2 : Voltage, CH4 : Current)
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(g) Waveform of switch for normal operation(CH2 : Voltage, CH4 : Current)
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(h) Waveform of lamp for normal operation(CH1 : Voltage, CH4 : Current)
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Fig. 4.19 The each part for experiment waveform of proposed single reverse
conducting switch ZVS—PDM high frequency inverter
(PDM duct rate(D)=0.8)

(a) Lamp Lighting Picture

56



Chi1 200V 5.00V  M[10.0us| A Ch3 5 6.40V

i1+ [200.000ns

(b) lissajous graphic

200V ms A Ch3 ~  2.00V

cha[ 10.0A
1+~ £10.0000ps

(¢) Waveform of switch for PDM control(CH2 : Voltage, CH4 : Current)
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(d) Waveform of lamp for PDM control(CH1 : Voltage, CH4 : Current)
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(e) Waveform of switch for power input at the start(CH2 : Voltage, CH4 : Current)
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(f) Waveform of lamp for power input at the start(CH2 : Voltage, CH4 : Current)
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(g) Waveform of switch for normal operation(CH2 : Voltage, CH4 : Current)
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(h) Waveform of lamp for normal operation(CH1 : Voltage, CH4 : Current)
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Fig. 4.20 The each part for experiment waveform of proposed single reverse
conducting switch ZVS—PDM high frequency inverter
(PDM duct rate(D)=0.5)

(a) Lamp Lighting Picture

59



L T | —

Chil 200V J8i# 5.00v M10.0us A Ch3 & 6.40v

i+~ [200.000n5

(b) lissajous graphic

Tek (%

.. W ; i i i
@ 20.0V__ M2.00ms Al Ch3 s 2.00V|

ch4[ 10.0A7 ]
i+~ [~8.00000us]
(c) Waveform of switch for PDM control(CH2 : Voltage, CH4
Tkt | ¢
N e

@ soov M2.00ms A Ch3 7 1.40V,
cha[ T.00A
i1+~ -10.0000us|

(d) Waveform of lamp for PDM control(CH1 : Voltage, CH4 :
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(e) Waveform of switch for power input at the start(CH2 : Voltage, CH4 : Current)
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(f) Waveform of lamp for power input at the start(CH2 : Voltage, CH4 : Current)
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(g) Waveform of switch for normal operation(CH2 : Voltage, CH4 : Current)
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(h) Waveform of lamp for normal operation(CH1 : Voltage, CH4 : Current)
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Fig. 4.21 The each part for experiment waveform of proposed single reverse
conducting switch ZVS—PDM high frequency inverter
(PDM duct rate(D)=0.1)
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A Study on new high frequency inverter used in fluorescent lamp

Jeong-Taek Jeon

Department of Electrical Engineering Graduate School

Pukyong National University

Abstract

In this paper, the high frequency inverter circuits for driving
fluorescent lamp or dielectric barrier discharge lamp, royer type
parallel resonance type high frequency inverter and class single
switch high frequency inverter were proposed for the purpose
of high efficiency and high quality, which can be used for the
light sources of scanner and copy machine and emitted light
characteristics in accordance with a dielectric barrier electric
discharge principle, were presented, along with out equivalent
circuit of fluorescent lamp and PDM control principle and both
experimental results. In consequence, it was confirmed that the
single reverse blocking switch ZVS-PDM high frequency inverter
can achieve the further improvement of actual efficiency. The
dielectric barrier discharge lamp illumination characteristics
corresponding to input power were compared with the those of
royer type and class single reverse blocking switch ZVS-PDM
high frequency resonant inverters. Furthermore, wide and linear
light control characteristic that unable to achieve in the royer
type inverter was possible by using a PDM control scheme.

In the future, the measurement of dielectric barrier discharge
lamp brilliance and evaluation of the conductive noises and
radiative noise should be investigated from a practical point of
view. Furthermore, the operation and control optimal conditions
for increasing more light output of rare gas fluorescent lamp
should be discussed as soon as possible.
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