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Abstract

In this study, plasma flat fluorescent lamps (FFLs) having two electrode type structures of surface
discharge was fabricated by screen printing and were characterized using spectra-radiometer and
square pulse power supply. Two types of FFLs (cross-type and line-type electrode structure) were
compared with variation of discharge shape and electrode distance.
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4 mmoll B3stn 39 digde] 1/4 g F
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H $d Alolo] 7]Ed AMEEHY fzE o9
¥4 A|E<Q CRT(Cathode Ray Tube)7} 4 @3}
A £ae vy, AF A LA UNA o|HE
7F4 LCD (Liquid Crystal Display), PDP(Plasma
Display Panel), FED(Field Emission Display) &
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Egol2t EZdlagy o] gke Zde A4S
Fd3e AzrRFo|, 7| LCD F 234 t2&d
o] 71&g AT F e 3349 daEol7t
onf ol fF A&3 A7 FEA AYPEu
gtk o] % 1854\ Virchowel & A€ Fx
Aol & (lyotropic) A (Liquid Crystal)e] TR
olgf F B AFAEY dF AHYE vigo=
vjekd 7l& A olF% LCDE SFx 4HAY
o] ysto} FPDAIZS] 70 % o4& Afstn ok
LCDE ZA 94Asg, WaolE G4, 7532
2 34 =Hol ok 2 F WgolEx ui¥ LCD
Hdes Be dUAE AbEE FECZA A
=] Elglel sidte] Wad BFolvh EF HH
Hog AMEHI AE Hg 9 997]d4A
(Resonance Energy, 2537 mm)& |43 d&=
4Pzl CCFL(Cold Cathode Fluorescent
Lamp)2 AEFAHE, Wgo]E A 2Alo A|Z=7}
ANA Bl Be EAE ¢G1 gloen, 53] &
I 2 33y BAE st glojA 2006
e AAd fye dAFAZ A% B2 AATL
4 Hejxzm gioH12]. o9 2L FAHES F
37 98 XedHoluA(142 nm, 173 nm)E ©
4% HA335e FFLF 9 Fd HIFe] FA4FH



J. of KIEEME(in Korean), Vol. 21, No. 12, December 2008.

o] 2l EEFL(External Electrode Fluorescent
Lamp), CNT(Carbon Nanotube)& ©]&3% g}o]
E 9 33xe LED(Light Emitting Diode)s ©l
CCFLE tAg & d: M2& dgez 473y
3 3tH3-6). o]FolH FFLL 7]&¢l CCFLYl ]
3 A= FLA, 9, Azd7 FA HaE F
of ZAHo] 9ev Uz 222 BEY 7AQ
Xeg 971922 ALE37] e A@FAFHoIH
e 873 7Eo AFE Ao EHo|HT]. w
ZtA Xedt Ze B84 7IHE AHEstd HAES
do7e A7t YT AT olF AFEY
gHe F& e AHEELS $MHo=E HAH
ojof & FA =2 AHEHI }HB-12].

gty B dFdMe wd 51g 4 ¢ HE
gL AF EH02 coplanar AFFRE o] Fo}
A FFLE AFstzn, MFA 448 A3 34 2
A3 Agel ®sld wE YT EA] HigE
AAHoz nR3Ht

2. Ay 4y

B dpdAE a9 19 AAF Az Zo] PDP
fo2 2ol PD200FEE HE AL Ao
Argst o Edd EAde EcES AAG
A% deE HH 9 air blow ¥ ¢4 AxAF
o #7171 EA45E 71 Sujg Exe] BEA o
Bl 24 A Wgggez Q8 AF ¥H 7]
ZAZE TrEo] AT wete] o] Hy| we
A AFdE AF dAAcH BEEsA A
Ho| g2 &t silver Ho|2EE 23d =
dggos 4% ¥ 550 C, 1A AE 24
AlZT FAA Ho2EE AT o AFxAd
RTHE FAE UHAF7) 8 200 #A9 0}
23E ol§4d ZIEdn /AL e ABE
103] o] 44 wrE3ale] 580 TC, 1417 243 A F

2T AL Al 7] Heo| HMZF L P&} F
FAE HE7] Y8 42z red, blue, green FFA
B¢HE #7) =gde ARG ¥ Ao 33T
EQF kA F 3-roll millg o] &3tY #4F Al
Atk olFA TE F¥FA se]2EE 200749
233 vl23E o4 ~3YW TZULHoR F
AA el 15 pm FAZ ZYEF F 450 C, 14
7+ 308 o A48k

ol 4e] WA FHE e F7] 8 f8 7t
Ao T Y& ¥ dispenser® ©] &3 seal
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a8 1. FFLY Az #HA HNEFE,
Fig. 1. Schematic diagram for manufacturing
process of FFL.
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T ool dd dde] wAlS WASL, out-gassing
o2 QF AFxE A3E B$AFr] §HA 250
Told 2E& FAANIEN AF W713HE F
Y35t Xe 7t12E Wl WA o4 FFE A=E
% tip-off 3%t} o] ¥ A wEolF FFLEE A
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a3 2. FFLY 2% o|ulA (a) 4AE TZ, (b)
Ay F=
Fig. 2. The emission image of FFL (a) line

type, (b) cross type.
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AI FERE 29 294 BE viel ge] F 7}
A ez Azsdd 23 2@¢d de TFES
71EH o @ol ¢ Heoln ZMH(line) T
zgtx 99sn, 19 2b)e FRE Ao Wdd
A Z/ANA HEE Eoldt EHOZ YVEY
Ao o BS AIAE A ez 2 A
TFo| M o] & AAE (cross)TEE A&t ¥
o A2 FZE 7IA 32 = FFLS 2%
el e} yAYE o] &FTH13]) FAL HEAVA
o] ofo]&o] o]FEy} Yo} &FF WA 23 A
Ag LEANE Ay T 2AZE R DAL
FAEHo Egtznrl A7 P 29 294
HE ule} go] AT 2o WHAFHE 7pHh
olg] g olf2 AT B we} FF FHo] A
3 = 2 A Ade] dEkch & dAFdA
L A2 7 4L 27 mm, 2 FAM FAE
150 ymz FY&HA & Hdg ST Foll Xe
2 F93 F 14 kVolld HHE& AA FHFHE
gosgoen FE 9 d ALE v A
o} &4 71 dutHor AFEHI e AMFS
zoHE AF9 BAY FEE EXNFLE 47
g Fxz Zd2v7r gAHAD 7t2gEe] F
et = gAY BES B didel AAE
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29 A4E A $Pe FHo2 ° BE ¥
gzobrl YAHAAD, 7h2 o] F7hgel what
SESLPREDECER FEER DEVOR L
e 2AT AHE BAY. ok BE F AT
Aolol AAZF Wol 713 ol AFHE EA
Sepzuist AR Hed, AAY FE A
A% HAW BIEO] Bold A oW ¥ TR
A4 Eehzoph ANA HW Behzore) £9 @
o] dojur] Wgol, AFAHe PHFZ
Aolde HES HEIE FFE FALH, 47
g 7zo 3% WAl 4T Agel B o
gol 5U% 7t2 FHIM ATAGHE o Bl
YHNA AETl A4 PzEY Bdd #AD
A 4§ Eehzobh 45E Age] o
AEE FHSIE 2uHE AYFe] BopA7)
el Bge o8 AUYTE d B v
o gREEOE A (DF 2o ALsEd, o]
A At %9 w3RAmIe, L& HER, pt
2vlAE ¢ vehi,

TAL [_tﬂ]
p W

= (1)

a3 38 #de XeMx 4ol 0 4A8
AN Fzo FANA Ad = ¥EE #F
F Aolth M2 o] Frhgel whed FAHMA
A3 F=EE Fvkee A4S By AAEY
A$E M= gEol 100 torr7Al F7hgkel whet
AR Fe WA dads 5. oy @
Aol BEE Yoz WA FAHE AY
o] 71z AZH UE AAPAAE T *
A el HAAHHUEL W ©E Addx FF¥E
uH HAsfA AgE FEAY, HLAF L S
E Adol f71Hez ddsHY A E7] HEL
2 AsEd A2 e wE Hxe HzE 4
Hew ZAHAES 100 torr7HA AT HAE F7HE
< volAuk AAHL 60 torrlA FAE F7ha}
I 100 torr7l HAE W Hx FrHEo] FAaTh
ol Aoz AMYL WHe] AHFA FA
57| diol 4T FE FHEE HolAu AR
2 60 torr o] Aol Wdo] EHAF @&
Boln olgF dAe] FHE Fylge #AAE e
¢ Aoz wadn ogg 4L Addx 4F
€ A Aoz FAEHNEH, 28 494 & &
lo] AukAE Age XeMa o] FHE
ot 2FELE F/rete A4S JEAAT, A
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A 14 kv, F34 25 kHz, duty on
time 25 %, #®A 54 150 pm, AF3
Ae 2.7 mm).

The luminance and firing voltage with
gas pressure at sustain voltage 1.4 kV,
frequency 25 kHz, duty on time 25 2%,
150 um dielectric thickness, and 2.7 mm
distance of electrodes.

Fig. 3.
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A¢t 14 kV, F34 25 kHz, duty on
time 25 %, #AA F7 150 um, A5
A 2.7 mm).

The efficiency and luminance with gas
pressure of FFL at sustain voltage 1.4
kV, frequency 25 Hz, duty on time 25
%, 150 pum dielectric thickness, and 2.7
mm distance of electrodes.
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Fig. 4.

A8 A$ 80 torr AEANAH FE9 Frte AA
gt auAgFE A F7HEA &2&9 wWIE
oA 2A @& Aoz yEyt dhde Xedll
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4 #AF7e ez st WwH Eg=Evt
BotAE A so AnAgL AT JrE F7}
HA Folx FAHYHT Fe SFEELEES YENY
E Aoz #FHA

(c)

(b)

a8 5. A5 A, (a) 27 mm, (b) 54 mm
(c) 81 mm.

Fig. 5. The picture of the electrodes gap, (a)
27 mm, (b) 54 mm, and (¢) 81 mm.
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ad 6. AAY Fxo 7hage wE 3d AY
# HE= (A A 14 kV, FH5 2B
kHz, duty on time 25 %, #dA F7
150 pm, A3t A 2.7 mm).

The Firing Voltage and luminance of
cross-type electrode structure with gas
pressure at sustain voltage 14 kV,
frequency 25 Hz, duty on time 25 9%,
and 150 um dielectric thickness.

Fig. 6.

Luminance (cd:‘mz)
Efficiency (Im/W)

" W e ®
Gas Pressure (torr)

100

ag 7. AAY xR stagel e wF AE
F = (FA AL 14 kV, Fa5F 25
kHz, duty on time 25 %, ##d3 F7
150 um, A3 A 2.7 mm).

The efficiency and luminance of
cross-type electrode structure with gas
pressure at sustain voltage 14 KV,
frequency 25 Hz, duty on time 25 %,
and 150 pm dielectric thickness.

Fig. 7.
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2 ofajx|7] W&ol o ¥ WAMA HLE 8
TaA " E=§ AF H] FHopyel w
e IEE Z7sHA HEd, ol AFT 1A
o] ZolAF2 Mol AVE Zolx|7] o &
WA dAAH] Z7etA 7| ol 19
U g 73 go] 3 E&e 54 mme AF3HF
A 7+ A UstEd, ol 4o A7 mE
% walel APAR Wsprt A5 HAAH e
g ZAstoltd, thA AWEH 54 mm HF A2
27 mm A2 Apct gAF F cellF7t Hoj
2H|EE AP Fo] FAEAT HAA FE =
2 ¢x 87 "gEeold, 81 mme A$E 54 mm
Auc 3o AuAge XA HAx o] 4
3 wolx7] wjFe] WG F&E 23 dolAA
HiE Ao Algdn,

4. 8 E

B2 Apox AFF Xe EZvtE 0 §F H
B Y§PEL coplanar AFE 7MW FHACEH
e 712 AF A Fo 2AE =g 549
zolE Ve ER F2 dfgo] e AF Y,
A2zte] Ao @ AZFS] FA 54 I
& F= AADRAE FHgEs, o 2FHE EU=
HAe] EAL AL F YE AL FAEIG
B Ao dojn Fa3F AnE aosd S
3} e},

(D) ANY 2 A A7 72§ 9|2dd, 3
AYe AFo mAE HEL ZAHoR 7Y
Fz2 Zgznr gAHADR tagHel St
dE ¢HHE RES Btk v AP A9
npo zAoz ¢ B EF2Evyt ¥4 HUA
gk 7p2qke o] F7bgel wel REHoeR FE=E
nj7b AR gAY EgEE EAAT AHE
B

2) 4AYe] A$ Bde] 34 He AHel ¥
7] Qo] Y stagHolM AFANAE o B
o] ANAA L = #L JHHEAT 2uHE
A Fo] 7] wjEo] T&L Bt meEbA FF
AR AnAY S BFE A77 8% Ao
2 dwdgo,

(3) A3 A9 9L 27 mm, 54 mm, 8.1
mm £MZ A3 Azt ARG FHAAANALL
zZbsla IEE PolAE AFE JeEhdEd,
ol AF 3 Ao Fojdel wel & wd W



J. of KIEEME(in Korean), Vol. 21, No. 12, December 2008,

oM wHdgs & 5 e Ay 7 g2 9
Aoz woEc)

(4) EFEE FUME Ao AYLvu| 9
AaeAE ¥ 9 54 mm A3 AL 7}
A AgHe Aoz BwddHT)

#HAte 2

£ AT 0069 E SR g&d T
Aol o3t FHYE =9, old =P

0 28

[1] R. Hicks and W. Halstead, “Flat fluorescent
lamp technology for LCD's", Digital Avionics
Systems Conference, 1994. 13" DASC,
ATAA/IEEE, p. 630, 1994.

[2] B. Chapman, “Glow Discharge Processes’,
John Wiley & Sons, Inc. 1980.

[3] S. Rauf and M. J. Kushner, “Dynamics of a
coplanar-electrode plasma display panel. L
Basic operation”, J. Appl. Phys., Vol. 85,
No. 7, p. 3460, 1999.

[4] S. M. Lee, Y. Cho, and S. K. Jung, “Discharge

characteristics of a flat fluorescent lamp

(FFL) containing penning gases”, International

meeting on information display; the 5t

International Display Manufacturing Conference

2006, p. 675, 2006.

C. C. Liang, C. N. Huang, B. N. Lin, C. H.

Fu, T. H. Tsou, W. Y. Lin, M. H. Lin, and

Y. S. Kuo, “A high efficiency and low power

dynamical driving scheme for carbon nanotube

backlight units”, International meeting on
information display; the 5% International

Display Manuacturing Conference 2006, p.

1202, 2006.

J. Park and S. Lim, “Design of flat

fluorescent lamp(FFL) channel for LCD TV

(5]

(6]

1110

backlight unit by optical simulation”,
International meeting on information display;
Technical Digest, p. 1330, 2006.
[7]1 J. A. Castellano, “Handbook of Display
Technology”, Stanford Resources Inc. 1992.
[8] T. Siga, S. Mikoshiba, and F. L. Curzon,
“Improving the luminance and luminous
efficacy of miniature fluorescent lamps for
liquid crystal display backlighting by using
a double frequency drive”, Review. Sci.
Inst., Vol. 69, No. 9, p. 3246, 1998.
[9] T. Siga, S. Mikoshiba, and S. Shiado,
“Mercury-free high-luminance and high-
efficacy flat discharge lamp for LCD
backlighting”, Electronics and Communications
in Japan, Part 2, Vol. 84, No. 8 p. 55, 2001.
M. Jinno, H. Kurokawa, and M. Aano,
"Fundamental research on mercuryless
fluorescent lamps II -- External electrode
operation with pulsed dielectric barrier
discharge”, Jpn. J. Appl. Phys. Part 1, Vol
7B, No. 38, p. 4608, 1999.
M. Jinno, H. Kurokawa, and M. Aano,
“Fundamental research on mercuryless
fluorescent lamps II -- External electrode
operation with pulsed dielectric barrier
discharge”, Jpn. J. Appl. Phys. Part 1, Vol
7B, No. 38, p. 4617, 1999.
[12] F. Volkommer and L. Hitzschke, “Dielectric
barrier dis-charge”, Proc. 8th Int. Symp.
Sci. Technol. Light Source, Greifswald,
Germany, p. 51, 1998.
B. Jayaraman, Y. C. Cho, and W. Shyy,
“Modeling of dielectric barrier discharge
plasma actuator”, J. Appl. Phys., Vol. 103,
p. 53304, 2008.
F. Ghaleb, W. Benstaali, and A. Belasri,
“Calculation of breakdown voltage in
plasma display panels”, Mater. Sci. Eng. C,
Vol. 28, p. 791, 2008.

[10]

(11]

[13]

[14]





