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( High Luminous Efficiency Flat Light Source with Xe mixture Gas Discharge
and Areal Brightness Control Method )
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Abstract

A Highly efficient Mercury-free Flat Fluorescent Lamp (MFFL) with dielectric barrier Xe gas discharge was
developed for an alternative of conventional line-type Cold Cathode Fluorescent Lamps (CCFLs) which shows a
wide voltage margin and a stable discharge operation for diffuse glow discharge with an application of a
auxiliary electrode. Electro-optic characteristics of the MFFL were examined through the changes in ambient
temperature, total pressure and Xe partial pressure. the single cell is expanded into a multi-structured
configuration to realize a large sized lamp by a simple repetition of the single cells, and a new driving scheme
is proposed for an adaptive brightness control using dual auxiliary electrodes and bi-polar drive scheme. In
addition, interesting application of this ultra high luminance flat lamp by the optimization of the gas condition
and the pattern of the rear phosphor layer is suggested as a good alternative of daylight lamp source
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Fig. 1Structure of the Mercury-free Flat Fluorescent
Lamp (MFFL) with a 2.2 inch diagonal size
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Fig. 3. Variation of reactive power of various ballast
type as a function of potential

BzAS0] F4HA & Ay, A7EEY A

& oopdeh, @ ¥ £5 WBd He) (Contracted

discharge mode)2 Aolsl= &&o] Z71etA Arh Xe
Eotel Z7ie tEo] ol BTyt A3} dr ¥X
= AR 2] 7Ae Z AYauE xS €
tHe).

a3 1649} go] ¥k F7 Wl A P28 BEA
Zo] YAHE A$ % T WS g YH &
e 19 3¢ =AEEE ExAdFe] gle Ay, B
o] WAFT FAloll FE2MAYHR HolgE Hom,
FE Figo wel £34A A ZAaTE vEh
2 gk 28y B2 (Floatingd¥)e] Y A+,
e A HH uA(Diffuse glow discharge)
o] FAHT A yrx] UV AYrlE
BYE & F UH6-7L

P4l A9k o] whEo] JRAlE o] ¥ AAF AVHA
gkl Z7tol W& WA ¥4 FAE =ASHTh A
A AFE ESHA HE FAFH BEAF Ale] =
Bzl BHe dodA Hi, g 75 AgE F7
AZel wel wA A2l FAHAM(TE4D) BH F
F A tE 7dd FES dbdo] dojuiAl ot
(1¥2-c). B} ¥ YL QrtsiAl HE EddAol
olsted whd o ok o] WASHA ATHIY
2-d)[5-6, 8.

¢. Diffused glow

b. Expansion

d. Contraction

Oy 4 dMAXNY WS ME ol JIA S5 otEJ
o] Gy el .
Fig. 4 Variation of reactive power of various ballast
type as a function of potential

aPse 9 2 wgel g2 3Ad JjA] EEE &
A% Aol F9 27} 40°ColM -15°C7HA] W3t
g o H2AQY A7) & HAYPA 2 AA|IH ormative
delay time) ¥ FAA A QA (statistical delay time)
< TAEIEY HAPAY AAAE F9 25 Asi
wel Hx 26nsolA 1%n, BAAA A2 10ns oA
4nE F AF 8 ns B2 v wWE NH BA4S
el gld) ol Agkd F & g A
Al BAo] £#20] X¥H 7|E CCFLsT= €8 9
2xo) Aol 43g x| g8 HoFE.
2ote] Sk VUVHY] S71E gatele o §&
= 2 d Z8E 719 = Qg 2y B =§
oxe] MFFL9} #o] ¥ A3k 7kgo] A 3l A
Eolo] nl&] vi$- & aperture ratio® 7HAlE FFoA

- 154 -



Ak (diffuse glow discharge)® A48k
24 A BorgAle] os] A eStHe
HA EoHIl =& Xeld e F7h= 7% dd9
ZHsHA =Hol T2A wbd EAAT o
4L B 3k Ak BEdA 2 94 29
3 oo Mo] HIEE ol HAtt
I 62 Xe¥dol W& AW wAE 9% 2% A
o HS ARBAE BoFh dAF AA gHA
Xeltdol 3715 +5 A HA7F 2A Ik
& & gtk =3 AT Xe ¥ sfollA AA e
7t GAl FEAYe Fes 2o A 29 6
I go], Xe®te] Ao &4 4T g =
AL B8l AN TS HY oM e 2 o
AELL AT F Ues S F Aok

BO 275

% 41
I

o
ol
4
oXx OE 021 oL 2
2 oy O rfr

1o ot o

0 — Formative discharze delav
60 - ™~ ¢ ¥ Y ]

, 250
"~ 7

~ !

Time [usec]
3 8
/‘(
g B
I'ime [nsec)

- Seatsstical discharge delay

-20 v r T i T r 150
.20 .10 0 10 28 30 4

Temperature | “C]|

O 5 FY 2x dgho o2 WH AN sS4

Fig. 5. Discharge delay time with the variation of
the ambient temperature with Ne-Xe(18%),
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total gas pressure at 15 kHz of operating frequency.
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Xe A7MIE BX%E 7k 2SS, 23 90 =AIR
v} ol HE 2800t Hi EE 66 Im/W, i
% 17000nitelAH R5Im/Wel £&& JehRith 2
A 7000nitel A (0.25, 0.23)2 MAEE 7HA=
Zol A AP Ao, mAQ At Tar 9 RF
ZBE ol§3ld FAE AHY, HAFERH ¢ A¥E
Arkslgon) #Wzo] g HHE 97 JHog A%
A e ¥ IASAGMNE Y HEXNE AR
43, 54 nlefficacy)=nLS/P (L:F%, Pol7pd=h&
ALt Akt

a9 102 9 FFA9 =Fu)E M-t AR
o 77k MFRFEL (033, 033)Y F=ZE AFsle] 1
Hgell Yoix FE, F&F WlwF IPelth F A
25 70ume] 3t 33A FAY X=05mme] E&5
HElg HLstack Ne-Xe(25%), 100Torrel ==
3} 12kHze] T334 Z30A 3315nitel A 187802]

LR

- 155 -



He fx H9E 2¢ 7 Ik FHE 4000nitAA
I EE T2m/W, 3 HE 14000nitol M 46im/We
na8g 54 Jehhided, A 23025, 0.23)tH]
16718%EE e B

60

Efficacy[lm/W]
B3 W
o <

o
o
]

20

6000 8000 10000

Luminance[nt.)

4000

o g oolH A WEd E & b 28
Fig. 8. luminance efficacy and the luminance with
variation of the rear phosphor pattern
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Fig. 12. Dual auxiliary electrodes and switching

diagram (left) and induced voltage
distribution when dual auxiliary electrodes are
separated

Aol ZAzbel] i H=AIE @ AR A A
A w7 AR7A F 4949 W) E 2R £ 91e-g
1% 139 o] T

=

-

S

2 o

AMEE N

28 13.16 x 10 3719 HE] FZ MFFLOA

HO 2&
Fig. 13. Areal selective dimming image of the
Multi-structured MFFL with 10x16 matrix array
3.2 &
© @7, Xe EF7IAE o)4F UFHE nFEES
5 52 RS AGSET ARe FHe Bdde
UEE F2E W 483 39 PR olgdn, 1
ZA2Y ol§OE AOVelRel We

¥k

T OUNUTE B g whE Auwrde ¥4
Y 3 F9 sk 0 b A4 B4E 24
S Xew st R 7k bHell oid Wb Mg W99
EE Nt FHsE s 23 2 HBA
2AE F3fo 3315nit) M 187809 WL 3= ¥4
g 2 F AW HE 4000nitlq Hm EE
T2nyW, H3 = 14000nitel M 46lm/We 1E5g E
e AT 2 A= I FFL B 7E WY
9 A glol 9 UWHE 321X =7]9] HE 2=
st F=ZE AFsigen, Y BRI GIy
TE B2E AEFoEN FFHY F2H w) Ao
7} 7Fs#g Bk

induced volage [V}

cy
g ng

ra

(1] DIRECTIVE 2002/%/EC OF THE EUROPEAN
PARLIAMENT AND OF THE COUNCIL of 27 January
2003 on waste electrical and electronic  equipment
(WEEE)

2] DIRECTIVE 2002/0/EC OF THE EUROPEAN
PARLIAMENT AND OF THE COUNCIL of 27 January
2003 on the restriction of the use of certain hazardous
substances in electrical and electronic equipment.

[3] Zwanenburg M ] 2004 High-efficiency LEDs for LCD
backlights Int. Symp. of the Society for Information
Display 2004 Digest (Seattle, WA) pp 1222-5

[4] Chhajed S, X3 Y, Li Y-L, Gessmamn Th and Schubert
E F Influence of junction temperature on chromaticity
and color-rendering  properties  of  trichromatic
white-light sources based on light-emitting diodes J.
Appl. Phys.99 063104 2006

Bl Yai P Raizer "Gas
Springer—Verlag, pp 2307244

[6] Jae~Chul Jung et al, electro-optic characteristics and
areal selective dimming method for a new highly
efficient mercury-free flat fluorescent lamp” J. Phys. D
Appl. Phys. 42 (2009) 125205

[7] J. C. Jung, IMID'08 Technical Digest, p.877 (2006).

[8] Chapman B 1980 Glow Discharge Processes (New York:
Wiley)

[l B.J.Oh J. C Jung, I W. Seo, H Kim and K-W,
Whang, "Improvement of the Luminous Efficiency of
Mercury-free Flat Fluorescent Lamps via Structural and
Complex Gas Mixture Changes”, IMID Technical Digest,
pp. 809-812(2008).

[10] J-C. Jung, L W. Seo, B. ]. O, J. K Kim, and K-W.
Whang, "New Areal Selective Dimming Method of
Mercury-free Flat Fluorescent Lamp with bipolar drive
scheme and the dual auxiliary electrodes for LCD
Backlight”, IMID Technical Digest, (2008).

Discharge  Physics”

- 157 -



