08" 1st Semester Display Engineering 1 Syllabus

Subject No.| 4541.833 | Class No. Subject Name |Display Engineering 1| Point | 3
Name: Whang, Ki -Woong (Professor) Homepage : pllab.snu.ac.kr
Lecturer E-mail : kwhang@snu.ac.kr Phone : 02-880-9552
Interview time and place : Mon & Wed PM 4:00~ / Bld.104-1 Rm.401
Recently, Flat Panel Display occupied more than half of Display market, this
portion will be much larger in future. FPD techniques is based on high-tech
Obiect of semiconductor technology and covered by physics, electronics, materials,
ect o
th'] 1 chemical engineering, namely circuit and system, materials synthesis, thin
is class
film, vacuum techniques. In this circumstance, the experts of each techniques
gather and set up this lecture to promote national technology development and
raise competent researchers.
Text book : differ from sub-subject to sub-subject
(articles will be upload on EE lecture board)
Textbook &
Reference % OLED textbook(Display Engineering 2-FED/OLED)
will be on bookstore from 10th~15th, March.
Presence |Homework LCD OLED PDP Total
Ratio for 2% 8% 30% 30% 30% 100%
grade ‘ Test will be held in three times, right after finishing each
etc.
sub-subject
TA : Lee, Hwally (hwally@pllab.snu.ac.kr)
Handouts and articles will be upload on EE lecture board
Announcem
¢ Classroom is Bld.302, Rm.519
en
ONLY LCD part lecture will be conducted on Mon, Wed from PM 1~3:30.
Others will be conducted from PM 2:30~4:00 same as syllabus.
Tardiness Any student who misses more than 5 times homework will receive F.
Policy Cheating will be punished by University Policy.




Lecture Date

Lecture Date

Lecturer Lecture contents Lecture contents
3/3 3/5
. . State of LCD industries and
Introduction to this course .
LCD techniques
3/10 3/12

Lecturer : SSLCD
Vice President
Kim, Sang Soo

(~4/2)

¥Once in a week

Introduction to LCD techniques

LC theory & Cell principles

317

3/19

LC Mode (TN/IPS/VA mode)

a-Si physical properties and TFT

3/24

3/26

3/10,17,24,4/2 TFT-LCD structure TFT-LCD driving theroy
PM 1~3:30 3/31 4/2
TFT-LCD manufacturing techniques |Advanced TFT-LCD Technology
4/7 4/9 (Election Day)
Introdution to OLED : OLED o
0
structure, properties, characteristics
4/14 4/16
OLED device driving theory(1)
OLED OLED device structure and materials oot 1c . ne ry
Lecturer —electrical & optical properties
Prof. Lee Ch 4/21 4/23
rol. Lee Lhang |00LED device driving theory(2) OLED device manufacturing &
Hee(~4/23) —electrical & optical properties heating problems

Prof. Hong Yong
Taek(4/28~)

4/28

4/30

OLED device characteristics

TFT manufacturing and properties

PM 2:30~4 5/5 (Children’s day) 5/7
” Backplane techniques and state-of-art
o

techniques
5/12 (Buddha's day) 5/14
off AMOLED manufacturing and pixels
5/19 5/21
OLED Driving Techniques Introduction & PDP History
PDP 5/26 5/28
Lecturer :

Prof. Whang Ki
Woong(5/21~)

PM 2:30~4

Plasma Discharge Physics

PDP Cell Structure

6/2 6/4
PDP Driving PDP Driving
6/9 6/11

PDP Manufacturing & Material

PDP Prospect & Future Technology
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1.1 PDPe| A}

18C % : Volta®l 2] sl =] 2] g
> ol HFA|
19C = : Faraday 5l €| gt 7} 2~"d A -
— XA, * A
19C & 2 =n2HE Yo +=1l
- EAEH > FAA
1927'A : F. Gray (Bell 17-4)
50x50 lines, Ne =%
65x75 cm 7] o] =578 et 3EA] 7|
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1940 Y] : Bacon} Pollad®] Dekatron Tube
Alpha-numeric 3£ A] A

19503 o} : Burroughiit: 2] Nixie Tube
Alpha-numeric 3£ A 7 A]

121.2.1 Nixie & FEA| ZHA|
Plasma laboratory, SNU



19601 tj &4} : Matrixs PDP
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19643 : Bitzer<} Slottow (Illinois -X)
ACH A=7F —» & A&, w2

DIELECTRIC
ELECTRODES

<7

CONDUCTORS

J21.2.3ACYE PDPe| 7l 2f
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1970 : Holz<} Ogle (Burroughiit)
Self-Scan & DC PDP, -5 A~ A}F9] 74~

1211.2.4 Self-scan™ & 2N FA| BHx| 29| 7l 2EE
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1970

1980

19838

1991
1992

1993

Al &1k NHK, Hitachi, Fujitsu, Sonyiil:
S0l A PDP A A 2}

1] Z ¥} : Matsushita®l] ¢] 3F DC PDP A8 3}
NHKOﬂ °]3 HDTV-E DC PDP ¢+

Photonics, Mono 60" AC PDP
NHK, 20" DC PDP

Photonics, 64 #|=% AC PDP

: Thomson Tube, 0.4mm Pitch

22" AC PDP

Fujitsu, 21" AC PDP OFA-
NHK, 40" HDTV-& Full Color DC PDP
Plasmaco, XGA+w 30" « EWS

Plasma laboratory, SNU
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1996

1997

Fujitsu, 16:9 42" AC PDP
NEC, 33" AC PDP
Sony, 26" PALCD

~ujitsu, NEC, Pioneer, Matsushita,
Hitachiol| A SEAF 7] A,

 GARF, AR A 0 gl A7) Az

A<
= T

prhosphors

address
electrode

383 PHALE AC PDP2 2%
Plasma laboratory, SNU (g
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1998 :
1999 :

1999 :

2000 :
2000 :

2003

LG %} 60" &3
Fujitsu-Hitachi &2 H <l A
Ak SDI 63" BF3E
T-shaped Electrode, Waffle Rib, Clear Dr
(P1oneer)
LG A}, A3 SDI 4 ) A
42 “ WXGA ALIS(Alternate Lighting of
Surfaces Method) FHP
. (3 ), 2005(4H =, 61 ), 2006(87H F)

%

2004.1 : 80 "' Full Color, FHD PDP(%:}”d SDI)
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2005 .9 : 103" Full Color, FHD PDP 414 SDI

2005 : 65" FHD PDP AF Matsushita

2005.9 : PDP7}A (17F¥/21 2] ©o]3})

2007 : 32" XGA, LG# =}, 444 SDI

2008.1: A A5 (H42 " 715) A4 SDI(61H),
LG Z}(44 %), Panasonic (63%F)

2008.1 : Matsushita 150 " PDP
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AH/4SDI2| 108 "FHD PDP (2005.9)

Plasma laboratory, SNU
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1.2.2. %4

A) A oF7
Emissive (F #3€) Display

B) %3 &3l ¥ A5 3 (Motion Blur)
SubfieldE o] &3+ Al &= FA]
(Wt LCDE & 2 H S o] &3+

Hold-Type <44 o]-&)

C) M 5% Hieb:

D) H<E « 3 54

E) &8

F) Full Color with Wide Color Gamut

]
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B) High Voltage 7--&
C) = iR

D) 77

]
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22 Sct=0te| 7|2 44
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“Plasma Is a quasineutral gas of charged and
neutral particles which exhibits collective behavior”

TA > DA 5 I A o “Ee=a)

A2 B w O] B o] Eebavl 4o
- ‘ﬂd7 , Aurora Borealls, %ﬂ Magneto Sphere
B <, RIRYE



Zapxojz eHYE 23

1927. Georges Edward Lemaitre
George Gamow
“Big Bang” ©] ol 2] gk --5=2] &t

O =& 1. ¢

-7+ ‘cosmic plasma egg’ = - B &4l

(10%2%, 10100g/cm E =8| a1, A &
Ze}zut2 e Bha))
=H O EEY A AHEo| He 25%, 4 75%
@ HubeeA Red Shift 24
® 3K Background radiation

Plasma laboratory, SNU
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logq nlcm-3)

25
Solid Si at
room temperature
& trrs
= nnlDe <1
Laser
20 plasma Focus
Hig{ Shock
pressure tubes Theta
/ arcs pinches
fFusion
154 reactor
////
w2 .
R ’pressure Fusion
AlktaI= (// experiments
meta
plasmas /
10— /
~ Glow “77
Flames idischarges
Earth's
.;:?I'?grse- Ape> 1l cm
5 Solar
coroha
Interplanetary
Solar
wind
0 L | 1 1 1 1
10-2 10-1 o 1 2 3 a

logio Te(V)
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Y ‘/Debye AHE A9

Ap
= 2 0O [®)
A8 792l A
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2.2.2 Z2}=0} Tj2bH Ef (N,)

Np =nxA}  (Debye A AU} ]2} )

o A=A 12
T =35 YA 672Ng

o | o

Np>>1 —» Hat 5| >> H o 913 o|4A]
— =i A 2, Quasineutral A &

Plasma laboratory, SNU  {§ &
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PDP A= &3 1] =710] <)),
(<= eV, =9 Torrw T, ~ 10° Hz, fo ~ 10* Hz)
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2.2.4 S2fl=0}2]

7F QR &= B 5 Maxwell-Boltzman & 3

T(v)= n(ZﬂkT) eXP(— i

=1 <V >= r‘:};
of| 14 %]

o, o
=y

%m<v2 >:%kT

o] &9l : eV or K
(leV — 11600 K)

o
1
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2.2.5 Sheath

 EErsye ET% = QAR A A2
,@‘/ — n(2KT)z
—O @/’@ — N\ m
DO T, >>Ti, m >>m, °| B2
- 1_‘e >> 1_1i
sheath & o
. [ | Sheath ?ﬂﬂkTVS ,
i iy m o
VS — _el (2
Sheath 73 7| WA ]Q =
~Ap (kTe)z
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3 Sct=0ote| 44
3.1 s=1s
SV T O\
@’*””\ O /
T
O O
«~—E
— — — _
miL = —eE-mv v, : Langevin Eq.

H Y 55 &5 UA —» W Foll U #] g}

lonization, Excitation, Recombination, eeeeee

Plasma laboratory, SNU (&%
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Mean Free Path | =_1 (N: 7}~ 9x¢] A %)

O
FEFAE Vm=7=Nov
mobility ==
m

. nee’
conductivity 0=
_ D KT . .
A A D " — e Einstein Relation
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10 —

— 11 L 2 } . \ .
10 10 2 4 6 102 - % 6 103
A NG = CeVd

1% 312 B84~ A =5 dH A

et He | Ne | Ar | Kr | Xe

delo U A] (eVv) 24.6 | 21.57 | 15.76| 14.0 | 12.13

¥ 311537t~ A Het
Plasma laboratory, SNU  (#



3.2 Drift velocity 2t mobility
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TIA He P v, /p oP/n,
(106 cmV 15—,0” 1098—1-|-0rr—1 10° 13 Tororhr?]mz

He 0.86 2.0 1.4

Ne 1.5 1.2 24

Ar 0.33 5.3 053

Kr 0.19 6.5 0.43

Xe 0.27 9.2 0.3

I# 2.2.1 8 Xt2] mobility, &= 3 tt==, conductivity

Plasma laboratory, SNU  {§ &
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— 27
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16

—a— Xe' in He

12+ —e—Xe' inNe
—A— Xe' in Kr
B 8 @ 300K
=
O
=
""h_-fu 4 E
=
0} «ENRRA A—Afﬁa-~--ﬁm=ﬁ”—$?'&#‘&'“&

1 L L s il 1 1 i I L 1 L
0 200 400 600 800 1000 1200
E/P (V/cm/Torr)

718l 2.2.5 Drift velocity of Xe' in He, Ne, Ar

4
BT
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Electron Energy Balance (¥4 &5t 1

(e °E* —08) Vv,

me

where &= 2m(Electron Mass)

M(lon Mass)

Mean Electron Energy

;.: N 37 eEl
4 Js

Plasma laboratory, SNU
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3-3. Energy level in Atom
Schrodonger Eq.

2
o2
(———V +V)p=Egp
2m
2

1 ze
with V = and with z = 1(Hydrogen Atom)
A €g T

Pnlms ~
13.6

and Ep = = -—Z(ev)
n
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Electronic Configuration of Xe

X :1s%/25°2p°/3s*3p°/3d"’ 4s* 4p°/4d*°5s*5p°

Xe

Seniai b
= e
i

Xe'(Zpa p
Xe'(2po)

KM Q....n-.m ..... T i
pie i e BT =
Is, i

$230m e

e
Is, %’ 5

: sy =
wd ) ;
S Iy
¥ ¥ A4
173mm A 0mm Hi7am

Xet5P%

Xe2] ol 4 #] level diagram

Plasma laboratory, SNU



3-4. Excitation and lonization
3-4-1. Excitation

QA 7] M +e(hv) > M~
71 LAY ZHol :M{ > M +hv

selection rule for dipole radiation

‘AL =+1
IN=0+1 (J=0->J=0 FXA)
AS =0

H ol 7} FA % 2 : Metastable ( 715 )
Plasma laboratory, SNU o



Hesonance level Metastable level
7h AR | T | AU | THGec) | AR
He 21.2 0.56 19.8 6x10° 2’5
206 2x10°¢ 2'Sp
Ne 16,6 20,7 16,6 70.8 3Py
Ar 11.6 10.2 11.5 >1.3 4Py
Kr 998 4.4 9.9 >1 5Pz
Xe 84 3.8 8.3 >107° 6" Pz
~——— H ~—
¥ 3.1.2 34 7}~ 9] Resonance level 2}

Metastable level ] ol U %] 9} 4=

Plasma laboratory, SNU

LLL((«
230,
o5
Ay

A

CEERER
g;
Y



3-4-2. lonization
A) Electron Impact lonization

dne

o vin, = Ki Nn,

vi =N j n(e)vs, ()de = N <v§; >

v; . lonization frequency
K; : Reaction rate constant

"
2
|
jl
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Plasma laboratory, SNU {g’ &



vi =N <v>C; (1 +2KT,) exp(~1 / KT,)

| et
C. = 0.13(He), 0.16(Ne), 2.0(Ar) x 10 cm? /eV
vi = 2.7 x 10°S™ for Ar, T, =3eV, 300Torr
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Townsend’s lonization Coefficient

a=v; /vy : no oflionization /cm

1 1 i 1 ! 1 T 1

77

777

70~

7772

/A

Xe
EAplVrsem < Torr]
70_4 l?l" ] 1 ] 1 ) i |
2 4 1 2 4 w2 2 4 1% 2

lonization Coeff.
Plasma laboratory, SNU
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B) Photoionization

hy > |
gas | hv=I(eV) | MA) | 6 (108 cm?)
He 24.6 504 (1.4
Ne 21.6 575 7.8
Ar 15.8 787 35
Kr 14.0 886
Xe 12.13 1022

Plasma Taboratory, SNU {g’
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0

1

- 1 T 1 t }
1200 1000 800 600 400 200A « A
10.3 12.4 15.56 20.7 31 62eV — hv

Photoionization Cross Section

Plasma laboratory, SNU
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C) lonization by Excited Atoms

lonization by Atoms or Molecules requires
v, ~10°cm/s (10 ~ 100kev)
lonization by Resonance Excited Atom

o~2x10"cm? for He (2'P, 212eV)
In Ar, Kr, Xe
lonization by Metastable Atom
o~10""cm? for He (2°S, 19.8eV)
In Ar, Xe
(Penning Effect)
Plasma laboratory, SNU G



D) Associative lonization

A+ A" > At + e

He : o~ 2 x 10%cm?

Plasma laboratory, SNU



= (@)
35 =& U89 =57

@) AAe] & ©) 7 kg
 Excitation (rotational, vibrational, electronic) :
e+ M > M +e
e Dissociative attachment :
e+ M, > M+ M+ e
e Dissociation :
e+ M, > 2M + e
e |onization :
e+ M —> M + 2e
e Dissociative ionization :

e+ M, > M+ M+ 2¢
Plasma laboratory, SNU



(b) 712 Y AF(heavy particles) 7F<] H] &k

of o] gk "5
 Penning dissociation :

M*™ + A, > 2A + M
 Penning ionization :

M* + A > A" +M+e
 Charge transfer :

M* + A > At + M
e Collisional detachment :

M +A > A +M + e
» Associative detachment :

A+ A > A +e

Plasma laboratory, SNU



« lon-10n recombination :

M*+ A" > A+ M
 Electron-ion recombination :

e + A" 5 A

e + A+ M > A+M
« Atom recombination :

2A+ M - A+ M
« Atom abstraction :

A +BC—-> AB + C

o Atom addition :
A + BC +M —> ABC + M

Plasma laboratory, SNU {1 <

|
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e Atom recombination :
S-A+A - S+ A,
* Metastable de-excitation :
S+M° > S+ M +hv
e Atom abstraction :
S-B+A > S+ AB
 Sputtering :
S-B+M ->S"+B+M
Plasma laboratory, SNU
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36 «a-and y-processes
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* Prebreakdown Stage

[
N

2 ;@ Small Current (~10° A)

@ non-self sustained discharge

(no current flows when tube 1s blocked)
ORig i)

@ tgol Aol fl+=.

]

Plasma laboratory, SNU {g’ &
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E

7} Townsend Discharge 543 ( o - process )

d—n—an—> n(x) =n,e”
dx 0
a : Townsend & 1z} Al

a=A- Pexp(_%)

1

O‘ZC'PEXP{—D(E)Z} for inert gas
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EP

A B EP C D
7h& J] - - -l Vien -
en” Torr™|View - Tore| Ve - Torr jem™ Torr™| Vi{em - Torr)

Torr
He 3 X 20-150 44 14 100
Ne 4 100 100400 82 17 250
Ar 12 180 100-600 9.2 20.6 700
Kr 17 240 100-1000 | 357 2.2 900
Xe 26 350 200-800 63.3 %.1 1200
T 3.2.1 &M J7IA 9| lonization coefficient2} & 24 2|

Plasma laboratory, SNU &

it
2
|
jl
=)




L) Townsend 2] 2} A<= (v - process )

| & D/

e ®Y @ )
_“@ RV

ectrons from cathode

e

electrons arriving anode

n_ :electrons from cathode by y - process
n,=(Mn,+ n,)-exp(ed)  ----- O,

Plasma laboratory, SNU (g



cathode o 5 &3st+=ol=r=n_-(N,+ N,)
=7 [n,-(+n)] @
@, @ = F-F
ad
N = n,e d
1-y(e”™ —=1)
ad
| =y
1-y(e” -1)

Plasma laboratory, SNU  {§ &
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[

Log (current)

Electrode separation —t

A7+ o w2 Townsend A7 2] W3} (72 44

4
5

Y
e

r
‘ AN
€
L
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A

Plasma laboratory, SNU {4



3-7. Breakdown =71
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3-8. Z &l - A EH A

Heavy Particles ( ©|<>, 57 44} ) + Surface
> AR}, Fol e, Fol e, FHUA B
o] uhA}

>

2} + Surface = AXA} W=
AR AL
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The y of MgO for low energy Ar', Kr'
and Xe" ions at normal incidence; b) The same
plot as a function of the center-of-mass ion energy.
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FIG. 4. A schematic energy diagram for kinetic secondary elec-
tron emission from oxide surfaces. An electron is directly excited to
the continuum state by kinetic energy transfer. £,(i) and E(f) rep-
resent the initial and final collision energies, respectively, and ¢ the
electron excitation energy.
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b. Metastable + Surface = Z X} Hl=

L
HEd

Metastable electron =2 unfilled level
+ ground state 1on
=>» Auger Neutralization

= Electron Y=
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e. Photoemission (v,)

hv > Surface work function
y, = BE A =27 oF
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3.9. 7| A WA -z
a. DC Glow Discharge

[
!
L

Anoda

Il‘a'nnlznjs

Calhae
lyerfs) |
/- 1( :
II. J ””-i
Jls,lnn’J
Luminas
(8] intersity
e} Pulential
rierd
Snate
chsrge
Uity
] Cusrent
Cersl

colume

f'lmw

Positive

T
+

Nega e

)

L1
— = ul — —
= o L -] et I
= 2 . — e
=1
w

Plasma laboratory, SNU

]

Y, l'r/
0 L.{“

ey

-

j?.



(o]0}~ 00¢ 002 COl

I T T 1

a60}10A BuLi 4 ﬁ_ I\“ 13

buiwiig
|0UJRiX3
‘uo spuadaq

({ua1ind pauldsns -1]28) 4

J94VHISIA
ON3SNMOL

(80UD}sisaYy aA1j0DaN)

M09 4 o
WWHONBNS |S°

e Cmmm e S i S S—

M09
TYWHONBY -, Ol
lllllll 1o
oYY
00!

d\bﬁdvvvv.uk

A

i3

b

K,._

, =1}
SN

Plasma laboratory, SNU



© Lol AW 573

| S
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Al 2F
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b.AC Discharge
V =Vasin wt i

A
|:|_|KI_-[
kY

Ay

%325 AC WA (a) A Ao @, (b) 5713 =

Plasma laboratory, SNU (g4



vV

V 0

, = EL = 12c/C. \/1+a)272 sin( wt + @)
(213.2.7)
1+’
i = Va a)r\/ O % sin(ot+ @+ Ag)
R(1+2C/Cy) i+a'e’
(213.2.8)
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Pulse Discharge

. . . 1 P
Ionization Time v, : T ~ 9 ns

(T, =3eV, 300Torr, inert gas)
Energy Relaxation Time 7, :<4% ns
ANZ23 4™ AIZE ¢ 5 ms

(n,=10"cm"
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3-12. Priming

Townsend &] o - process 2] %l 8llol| 2] 3t Z}=n}
of A > A xARS] 8

N dAF £2 o 7]1F] gFell ol o] 9
8] Y= shi= H| = “Priming”

Priming "'
@ AA-s= B v A 2 8o 2] 3 priming
@ Self - Priming
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@ Self - Priming
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3-13. Penning Effect

- =P AEIR] Fo] A= Tl thE T o]
HF-3-2 =% A A Townsend’s o-process= o

5} kS
o) A7) (91 o] o U el o] thE %
o] o] &5} o LI A .t} oF & gho]o]of 3

eg) He* + Xe* =2 Xe™ + e + He , for He + Xe
Ne* + Xe* -2 Xe" + e+ Ne, for Ne + Xe
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fonization and Metastable . .
] FPernning Mixtures
Energies
Gas First iomzation | Metastable | Smtable Penning
energies(eV) |energies(eV) additives
Helium 4.6 198, 206 | OF B Xe M
Hg
Neon 21.6 166, 167 | 00 B Ao
Hg
Argon 15.8 11.5, 11.7 Hg
Krypton 14 99, 105 —
Xenon 12.1 83, 94 -
Mercury 10.4 47 54 —

¥ 3239 719 o] 23F W oA Al o 4 A
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Penning Mixture

Ne + Ar:
Ne+e — Ne (3°P,,16.6eV)
Ne" + Ar(E, =15.76eV) > Ar* + Ne+e
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3-10. Wall charge in AC discharge
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Measurment of Wall Charge

@ VTC

@ Vi, Close Curve

@ Electro-optic effect

Change of refraction index (Pockel’s effect)
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3-11. Discharge delay.
When voltage pulse 1s applied to electrode,
discharge current begins to flow with a delay.

V
T, T
e%/\
e — time

7, (statistical delay) : Seed electron(mostly from
natural radiation such as cosmic ray) appears with
statistical nature. Time needed to have seed electron
to 1nitiate « -process.
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7, (formative delay) : Once the seed electron 1s
provided, they start the avalanche process at the
cathode and proceed to anode and 10ns drift from

anode to cathode time needed for 1ons to travel from
anode to cathode.

]
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Measuring methode

Oscilloscope

2]

Applied voltage pulses and measure the delay of the
light out signal (usually 823.828 nm IR 1s used by
assuming they carry the plasma formation
information)

— Total delay = statistical delay+formative delay
— Plot Integrated # of events vs. delay time
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Integ # of events

(100%)
(90%)
(10%) , | S
T T delay time

or # of events vs deldy time

# of events |

> delay time
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4.PDPO| A A5 & 7} EH o} w3 B4

PDP ol 4] Color ¢] ++< : Photoluminescence
(VUV = FFA > 71X F)

g3 &5 (Y,Gd)BO,:Eu  (Red)
/n,SiI0, :Mn  (Green)
BaMgAl,O,; :Eu  (Blue)
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0.5

a. (Y,Gd)BO;:EU
b. Zn,Si0,:Mn
¢. BaAl,,0,:Mn

RELATIVE QUANTUM EFFICIENCY

0 1

d. BaMgAl,,0,5:Eu(BLUE)

(RED)
(GREEN)
(GREEN)

100

I
200 300

WAVELENGTH (nm
719 4.1.1 RGB & & A| 4| Quantum Efficiency

(2) (Y, Gd)BO, :

Eu (b) Zn,SIO, : Mn

(c) BaAl,0.4: Mn (d) BaMgAl,,O,; : Eu
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PDP ©f| A}-& %] &= 7}~ : Hg, Diatomic gas, Inert

gas (He, Ne, Ar, Kr, Xe)
Gl N A K X H
1‘1‘% e e T T e g
M sga | a4 | 107 | 124 | 147 | 254
( nm )
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© Lo AW 54
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(a) 212t &F

Al 2t

(b)) X =

V~ AlZ2t

(c) 88X =

Al 2k
(d) MXt== i — N
B INETS
(e) Rt 2= ’(\
A -
INEL
~ X -
El2de UaRedod Ol Ha 2= WA

9 4.1.4 7579 a), A F(b), DA HE(c), =%(d), VUV A 7] (e)
ol Al B4
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He - Xe =37}2=2HH 9 vuv &4 flAY S

FIOCeSS Comments
1. He+e — He'+e Inelastic electron-atom collisions, Fast
?, He+e — He'+e } { processes important Juring the current pulse:
3, He'+ — He'+e process 3 exists during afterglow period too,
4, He'+?He — Hes'+He } { IWialecular species formation, quadratic
5, He'+2He — Hes'+He pressure dependence,

He'+e — He'+hv
Hez'+e — He'+He
He'+e+e — He'+e
Hez'+e+He — Hea'+He }

10, He'+He® — He'+He+e
11, He; +He;' — Hes'+e+2He } {

12, Hes'+He' = He'+e+2He

Fadiative recombination,

Dissociative recoamnbination,

Collisional radiative recombination:

The coetficient is ag.=(1 3+0 041 p) = 10 % msee ™
where B is the pressure in Torr

self-Penning -ionization impeortant during the
after glowr,

The cross section is 107 "% m®

3412 T He Wrlo| o] &8f=mf L2 M2~

4

Plasma laboratory, SNU

et
A4 X
€
S
Y

s:ne

p!
&
X

(8
284
LEEY



3% 1 25 He 71 2= (He', Hej, He, He, )
S%Xe 712 (Xe', Xey , Xe', Xe, )

Charge Transfer
He" + Xe — He+ Xe® . Charge Transfer
He, + Xe —> Xe" +2He : Dissociative C.T.

Hetero Dimer & A

Xe" + He+ He —> HeXe' + He

"
2
|
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He ] Metastable level : 23S, , 215,
A

et A—>e+ A ground Bl £ 5-E] ¢ A A o 7]

e+A—e+Ad ;A > A +hv

. metastable el 2 o] 7} 7153 o 7] el 2 F-H 2

Aol
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e+ 4, e+ A4 17129 A7

et A+ A" > A+ A4, — A +hv
: collisional radiative recombination

e+AB" > (AB) —> A, +B; A4, > A +hv

- dissoclative recombination

Plasma laboratory, SNU {g’
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A~ -

e+ A —> e+ e+ A" :ionization

e+A*—>e+Aj—>e+A+hv

. re - and de-excitation
A +A+B —> A, + B
: formation of excited dimer

Plasma laboratory, SNU



Metastable ¢l 2] 3} lonization

Multistep lonization :

e+ Xe > Xe +e

e+ Xe —> Xe" +e
He + He — He' + He+e
He, + He, — He" +e+3He
Xe +Xe — Xe' + Xe+e

Xe, + Xe, —> Xe] +e+2Xe
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Penning lonization :

He + Xe —> Xe' +e+ He

He, + Xe — Xe* + e+ 2He

Excitation transfer :

He + Xe — Xe + He
o 7| dimer & A
He +2He — He, + He

Xe + Xe+ He— Xe, + He
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o 7]F 2] o
Super elastic collision :

Xe +e— Xe, +e(+Ag)

Heavy particle quenching :

Xe, + Xe — Xe, + Xe(+Ac)
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2 — He*

He* + 2He — He," + He v 1
B He," VW IHe* + He* —>Het+ He + e
He*

- He* + He + A — He,* + A——X

— Hez*
o He* + Xe ->He+ Xe" +e
% B He,* + Xe - 2He + Xe* + e
) Xe'
1 Xe* +2Xe — Xe," + Xe
> —
o | hv <]
O Y Xe,t +e —>Xe" +Xe
1] hv<€N\NV— Xe* y

= Xe*+Xe+A—->Xe,*+ A

Xe,*
B hv (147nm) <« —
— > Ay (173nm)
oL L 7 He ) 2 Xe 7

13 4.1.5 He - Xe W E8F=w} ol A 9] Kinetic
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Relative Reaction Rate

2.0x1023

1.5x1023
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|
0.0 0.2 0.4 0.6 0.8 1.0
Time [MSs]
—a— e+He -> He*t+2e  —e— He(23S)+Xe -> Xet+He+e
—A— et+Xe -> Xet+2e

—v— Xet+2Xe -> Xe2++Xe

Xe2++2Xe -> Xe3++Xe
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—u— electron
) n —e—He*
&0 16 | \
g 3x10 - A\ A\ e xer
; AA AA .
o A A —v—Xe,
o i \ \ 3
TA
S Bk s e
2 ' Xe**
q) b
< 110 _ —x— Xe, M)
% i -0 Xez*(3)
0 i i —1— Xe,**
| 1 | , I | :
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time [us]

(b)
18 416 AEE A BYolAL =
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4.2 VUV &2 M 7L &

- Xe*(6S)9] 4 degeneracy : 2metastable [1s:(3P,), 1s; (3P,)]
and 2 resonance level [1s,(3P,), 1s,(*P,)]

Xc**
l Xe*(2ps)

/_’E—_ *
Xc*(Zpﬁ) }Xc (Gp)

| W Xe*(’Py)
} Xe*(6s)

713 4.2.1 Xed] o YA =9
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O

- Xe*(°P,), Xe*(P,) <] whs- 4 &

Xe*(3P,):
Xe*(?P;) —» Xe + hv (147nm) (A)
Xe*(3P,) + Xe + M — Xe,” (0,5, v>>0) + M (B)
Xe*'(PP) + Xe + M — Xe"(P°P,) + Xe + M (C)
M : Xeo| L} tF2 ) A} (He == Ne)

Xe*(3P,):

Xe*(*P,) + M — Xe + hv (147nm) (D)
Xe*'(PP,) + Xe + M — Xe,” (0%, v>>0) + M (E)

Xe*'(*P,) + Xe + M — Xe,"(1,,0,, v>>0)+Xe + M (F)
M: Xeo|t} TFE A} (He == Ne)

Plasma laboratory, SNU



-Xe,"(0,,v>>0) , Xe,"(1,, 0,-,v>>0) o] WF-g-4 =
- 150nm=E =3} A 1} collisional relaxation =

Xe, (0,5, v>>0) —» 2Xe + hv (1st~continuum)  (G)
Xe,"(0,5,v>>0) + M > Xe,” (0,5, v=0) + M (H)
Xe,"(1,,0,,v>>0) — 2Xe + hv (1st~continuum) (1)
Xe,"(1,,0,,v>>0) + M —> Xe,(1,,0,, v=0) + M (J)

*(G)4] A A F(2nsec) << (H)Y] A% T(50nsec)
o] F-3-9] Xe,"(0,%, v>>0)& W3 (G) & &3l 4~

* (3)9] A1 9 (<1nsec) << (1)&] A% T(4Onsec)
o] F-3-9] Xe,"(1,, 0., v>>0)= th -+ Xe,"(1, 0., v~ 0)=
Hol&ta 173nmE WEel &

*WH-g-2) (F)9F ()l A= vhg ()7 vl - w222 (K2 18 73

Xe(3P2)+Xe+M—>Xe2(1u, 0, v=0)+Xe+ M (K)
Plasma laboratory, SNU &}



VUV A|7HA HE= EA

1 150nmE o H-3 Xe,* (0, v >>0) ol A W&
A =

014

0.01

Intensity[A.U.]
m
[ 73]

1E-4 |

He-Xe{5%)

147nm
— 150nm
—173nm

0 2 4 6 8 10 12 14 16
Time[usec]

Plasma laboratory, SNU

™, 173nm+= Xe," (1, 0,7, v~ 0) ol A W=

13 4.2.2. 147nm, 150nm,
173nme| AIHE A
(He-5% Xe, 500 torr)

173nme] A A= Xex(3P2)
o] Z+HE ¥k, 150nme 7+
A ZEo] 173nme} AR
= Xe," (0,4, v>>0)4] A=
HE3- (B)E.TF (D)ol <] vl
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43 28 5S4 28 24

4.3.1 DC PDP A o]l A ¢] He-Xe B! Ne-Xe 7}~ 9]
43 54

i 2.4 P
}:::l ’___I_ _________ Ry ’
7 il Jf
\ N Mmoo oo Anode
Anode F w=0.5,0.7,09
Phosphor ront sheei\ Phosphors
1 \ f L [
\ { Cell sheet N } : : / __/Anode
== ' N ol o doo)
-—d——-q B t h g . f”
} : idiometer} \ otiom shee b_} l % ‘_‘L ]
F777777777 7737 /] S |
| — L 0.8-mm diom. t \
Cothode Cathode _
{Unit in mm}
lal b}

719 4.3.1 Negative glow 4! (a)<} Positive column
& (b) Ao & *
Plasma laboratory, SNU {4



20

He-Xe (17,)

o bt ®

15)-

10|

RELATIVE INTENSITY OF UV RADIATION

| 1
0 0.5 1.0 1.5 20
DISCHARGE CURRENT [ (mA}

O 43298 =72~ WA Ao gk uv
HAFA 7] 1= A] 5 100 Torr
Positive column&] (2 ), Negative glow3 (4 H)
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30

Xe content 17,

1.0

07

0.5}

UV OUTPUT POWER ImW)

R B ! i ! : k | - i !
0.1 0.2 0.5 1.0 20 30

DISCHARGE CURRENT 1 (mAl

19 434 Positive columnd Aloj| 4] He-Xeo. &
g = UVvel WA =9 100 Torr
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DISCHARGE CURRENT 1 (mA)
(a)

— 4 ‘03 4 “ }03
G s 115
2 3
£ B E 3]-
= e = G —
s J? > G ~ E
U — ]0 '8 Q L) '_,—O b ]0 _8
&5 B e ;: 55 LT - =
52 H— %g Eg 21- [+ g;
% | 25|/} :
9 *(2 1T 5 O \ 1532
Z [~ ‘\ - g ! :.- R B —
2 | = BF NS
=2 -— --"".-- 2 " _.O” -
- [ O T W e *--."----_.-_ | - _,o------R -
Rz"".""--:::::g::: ...... : _03’;:%:: => =;
. P L r Lo e 0 , , ) ! O
0 0.5 I 0 0.5

DISCHARGE CURRENT I imAl
(b)

1% 4.3.5 Luminance2} Luminance efficiency 2] =}
A A F9 &4 100 Torr, 4+
(a) He-Xe (1%), (b) He-Xe (5%)
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RELATIVE LUMINANCE

TEMPERATURE (°C)

5(, L i | 1 l 1
0 1072 1072 107! 1
Hg VAPOR PRESSURE (Torrl

1 43.6 ST A A 2ol HUbE B9 2

of w2 $ =2 W3}

He-Xe (2%), P=100 Torr, G(Zn,SIO, : Mn)

Plasma laboratory, SNU
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LUMINANCE GAIN IN PPC CELLS(w=0.7nm) WITH THE
ADDITION OF Hg AT SEVERAL TEMPERATURES?

phosphor without Temperature(°C)

Hg 25 50 75 100
R(Y O :Eu) 1 1.4 4.9 16 24
G(Zn SiO :Mn) 1 1.4 2.5 5.0 8.4
B(Y SiO :Ce) 1 1.3 1.7 3.3 5.4

aDischarge current was kept at ImA

343198 ZoA 29 H7tol & Az
H 3 A&

Plasma laboratory, SNU (%



4.3.2 AC PDP Al of| 4 &] He-Xe 7}~ 2] g &

(b) H=+4

1% 437 ACPDP A2 4%
Plasma laboratory, SNU
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4.3.3 AC PDP Alo]| A 2] He-Ne-Xe 7} 2] 3 E A

g%

o A

He-Xe |* Fast Frequency « High Driving Voltage
Response
» Good color purity  Short Panel Lifetime
Ne-Xe |« Low Driving Voltage | Slow Frequency

 Long Panel Lifetime | Low Color Purity

Response

¥ 4.3.2 He-Xe % Ne-Xe &3t7}2 2] A4

]
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Second Glass Substrate

——Phosphor

777557 Z

o

Spacer
T—MgO Laver

Glaze Laver

\/ >

Electrodes

First Glass Substrate

19 4.3.9 AF-8-% ACPDP Alo] thH =
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—8— He-Xe Firing voltage
| —0--He-Xe Sustain voltage
250  —4A— Ne-Xe Firing voltage

[ —A— Ne-Xe Sustain voltage

>,
[4b)
o
44]
= |
S
150 |
i o
1m B 1 1 i 1 ]
0 : 2 3 4 5

Xe Content[%]

32 3-1. He-Xet Ne-Xell M XeQ SR W2 MUSAH

Plasma laboratory, SNU



Voltage[V]

350

- —i#l— He-Xe Firing voltage
—0O— He-Xe Sustain voitage
-—a— Ne-Xe Firing voltage

—ao— Ne-Xe Sustain voltage

300

L L

L L

250

150 - \__E//M/—’ﬁ

Pressure[Torr],Xe(5%)

D3 3-2 o WE YMXMYS st

=1
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180
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[ w/pajsoueuiwn

-1 350 |

200

190
Voltage[V]

170

, Ne-Xe(5%) 400Torr
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Voltage[V]

260

240

220

200

180

160

140

120

—8&8—Firing voltage
—e—Sustain voltage

= —i—
]
e— ~o
1 . L A | i 1 A 1 L 1
0.0 0.2 0.4 0.6 0.8 1.0

He/(He+Ne),Xe(5%)

2 3-6. HeNe-Xe2| <& X 4, 300Torr

Plasma laboratory, SNU
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0.8

Xe(5%0)-He/Ne

B HEed F A AR R R EE R EE Em A RE e mEE RS EE SRR AR N R E e R e

T e e e T AN L R LR LR

02 | 0.3
O -7. sAM HHEHE AISSIFS

3 S0l He:Ne—Xe(526)2| B|= HY 5ol
WE M HE2 H3)
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;; 160+ P=500Torr 1
\_‘-i L
— 120r o 1
i Ir + + + + + ' +
o 0.5¢ ]
g : C\ﬂ\{)/j “
< O :
E r ]
= 0.3r |
f—— :
~ 0.7t b
= : ]
~ _ ]
E 0.6} O/O————C\% ]
= : :
0.5F ]
L + 4 N N L . " . " 1 ]
0 _ _ 100
He—Ne Mixed Ratio(%)
19 4.3.11

300 e ——————
- P=500Torr 7
A
5 —
£
W) —
E’ A -
= . i
@
80 o A
s i
,_O‘ P
= = .
- AAHe_Xe 1
- O@®(He, ,Ne,,)—Xe -
- [l Ne—Xe 7
0 ) 1 | 1 . 1 1 !
0 2 4 6
Xenon Concentration{(%)
13 4.3.12

Luminance L, A AFHEE ) Xed H%o| WE He-Ne-Xe
2372~ 2 He-Xe, Ne-Xe 9]

Luminous Efficiency n <]
He-Ne & 3HH] o] =73

Vf q— Vsm
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Xe(5%) + He/Ne

0.8

9s5/0 b B T e P=300Torr

S e Ne increase-> Color
________ 3560 gamut becomes bad

0.2 0.3

719 4.3.13 He-Ne-Xe (5%) W74 712~ 2] He-Ne
Egtu)of mhe A A 2 W e

P=300 Torr
Plasma laboratory, SNU
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VUV output [A.U]
0

R ™
.M-N‘%

{ 49
\
;./ Xe 20% 60un
s/ =
JE— <
MQMGMQ ”g
/Mg:*{“’“”’@ %
\ Xe 5% 200 48 =
>
=y
| >
| Xe 5% 60
A /’f AAAAAAAAA i E R T— e i ssnimcaztissis &
| | { { | ; ?
0.0 0.2 04 0.6 0.8 1.0
He/[He+Ne]
(b)

Figure 3. (a) VUV efficacy and (b) VUV output in He-Ne-Xe gas mixture with the increment

of He content ratio for low Xe content and short gap condition (Xe 5%, 60um), low Xe

content and long gap condition (Xe 5% 200um) and high Xe content and short gap condition

(Xe 20%, 60um).
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600

= 580 |
£ e P=300Torr
8 560 .
= | e Xe partial pressure
§ 540 increase->Luminance
[ I H
€ sl increase
3 I
500
480 |
460 ..........

Xe[%], He:Ne=3:2

1% 4.3.14 He-Ne (3:2) &3t7} 20| A Xeo] &3tHn)
M 3}ol] w2 3] = ¥3)
P =300 Torr

4
.l/d
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He/Ne(3:2) + Xe

0.8 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
9% e P=300Torr
po%e, . | e As the Xe partial
E— pressure becomes
e e e higher, Color purity
e becomes better

y 0.7

0.2 0.3 0.4

1% 4.3.15 He-Ne (3:2) £ 7} 240 A Xed] &3]
Aslo| ME S AFE W)

P =300 Torr
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19 4.4.1 ICCDel ofs &5 IR VUVE A

pso | &

Cathode  Anode  Cathode Anode Cathode Ancde

Ne-Xe(1%) 300Torr(/)

712] 4.4.2 Simulationol] &) & T3l 7 Al F7HA QA A E

AAfe} o] = & F 3 ()
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- PDP W ol| A €] micro discharge: 2] 7 2] ¢1 =4 o]
E7lsstEnE Aol A WE5 = VUVH IR A
& 7+4 21 ¥ 3l simulation©] 4%

* 2 7)o WA FEo A A BLE o] HAAF 02 o]F

A= 7HAte| 2 Ad oA, &
Fsk wkago] ¥k = (1ICCD 2 )

131 2] 2} = avalancheol] €]
UAE o] 23} Al 71, 1Y
2O A7} E A 5he] Ego]

ol el = oA A E o] =
5ol &= $]ol A W7l o]
20 2 0|53tk
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5.PDP A T+x

PDP G-% —
—AC3—

—DC3 —

Refresh® ——%< 3
5

—H Ho]'/:(_.%]
Memory & 7<=

—H = ‘%%&6’5]
Refresh?
Memory 3

. DCe+AC &3}

¥ 5.1.1 7% W] w2 pppo] -7

Plasma laboratory, SNU  {§}
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5.1 DC PDPe| & =

DC DISPLAYS

/—RESISTOR— LIMIT CURRENT
I B AAs

]

719 5.1.6 DC PDP&| Al %
Plasma laboratory, SNU (g
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5.1.1 Refresh® DC PDP&] ++&

7}. @<= Scan®

DATA SWITCHES —\

—'_(f/o—-—-o

T elolelelelslzlv]xixlole] Jole

ACAN SWITCH

CLOSE ONE AT A TIME

9 5.1.7 ¥ Scand o] THE 3 =
Plasma laboratory, SNU
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L}, Self-scan® ™

|
L 1]
|
|
U U U
|
A U1 i CT

|
+85h I
o L?J w
|
Ip
R 1 2 3 4 b 6
- I I

; ;  BESISIOR
SCAN ANODE - —= )

| \ [ \_ / RS
RESET CATHODE ~ CATHODES PRIMING PARTICLES DISCHARGE AT TIME Iy UNDER

STARTS SCAN 1706 WILL START NEXT CATHODE 3 CAUSE VOLTAGE

SEQUENCE SCAN DISCHARGE DROP ACROSS Rg WHICH GREATLY
LOWERS ANODE VOLTAGE PREVENT-
ING DISCHARGE AT CATHODE 6

713 5.1.8 Self-Scan™ -5 <] Scan %l
Plasma laboratory, SNU
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= Al PDPL| 7=

5.2.1 4! DC PDP&| %

Display Cell  Auxiliary Cell

Front Plate

Priming Space

Cathode
Priming
Rib Phosphor
Barrier Rib
‘ Insulating
An0de T i e Y T Y ST iy ST / Layer
: " Rear Plate

Display Anode Auxiliary Anode
Bus Line Bus Line

719 5.3.1 42%91%] DC PDP¥] Jﬂu T
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* Priming effect — DC PDPol| A 9] &34 -8 &
913k memory 752 934 22

Priming Space
Awliary Ce]l X / Display Cell
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Cathode X Front Plate Rear Plate

Plane figure of front plate Cross-section view of X-X’
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5.3 Memory3 DC PDP&] 15

S E PN

HA o] s dd7t
—> off time < metastable 9] 4
— ZF3Fd Y A 2 metastable 2] Priming & 2}
— “Memory 7|5
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Write Pulse Sustain Pulse

Y \w Erase Pulse
Voltage between Vsus
Anode and Cathode I T
i
Discharge Current n 'd /LSS_ﬂ
Density of :
Metastable Atoms [\N\S .
OFF —>1e ON + OFF

712 5.1.10 Pulse memory 7-52] ¢
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CWnte Pulse

Display Anode o i

Scan Pulse Sustain Pulce

No.2 _~|—

H H H HAuxiliary

FDischarge Pulse
Auviliary Anode 0

Voltage between
DA and C :"

Discharge Current /11 /1. /1 /1

Auxiliary Discharge

Pulse
\ aype
Auxiliary Auxiliary
Sean & Sustain Pulse |/ Anode [ Cel
ALy lomy Display
NZSANVARNVARNY CeII
U’ AT AT
NVSANVERNVS ANV,
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% NZSRN/ARNPI RN
U OO0 ﬂ"‘L
Tk Display
| Cathode ol
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“19 5.1.11 NHK<] DC PDPe] o] -§% =
T-%3] 29} pulse wave form
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5.2.2 Memory & AC PDP
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Surface Discharge® AC PDP

1 - write electrode, 2 - sustain electrode, 3 - dielectric layer

-« ; ! |
I 1 : : E 2
BN VAR A A B A
/ \ | | :/ \\ ‘_3_; | ¢I |‘\ ]
[ 4 ) [ X ) [ y s i X ! 11—
FWE UWE LWE
(@) M HT =S4 (b) &F 7= (c) BHE TS gfAl

1%} 5.2.5 Surface Discharge AC PDP2] 7]+ %1
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C}. Interlace ++%

ALIS(Alternate Lighting of Surface) ®-2]

Discharge Sustain Electrode

X ¥

— s

L 1L

219 5.3.7 4 9129
H| !

480

Conventional method
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b. Sand Blast

tank A

nozzle
. \ _chamber | W

alr | Y
> ; B r< dust tank
X-Y controlled table grinding blower

1% 7.5.10 Sand Blast & %] &] 7] &=

"
2
|
jl
=)

Plasma laboratory, SNU (g <



T EFEAE

el |

H R AE A A

1% 7.5.11 Sand Blast 3 & 5 5%
Plasma laboratory, SNU

sty
-t
‘ AN
€
.,
&

LLLL(
¥
.@B 7 3
Nt

L
X
%

4
A



Plasma laboratory, SNU (g

EN



c. Additive 'H ( Squeeze 1 )
= A

AL AALE =X

=
@ Photo &7 o] &

® 100um o] 22| o] o] B4
| BAGH) XA A8 A1 7F I}
* ® Fd o] 28 XA 2 9
I3
0O [Oeaesozs -
| A& F 24
v ® F9 PRE] A A
1 [ [as5 a5 a7

19 6.5.13 Additive



d. Additive ¥ ( 3M Precision Replication § )
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e. Photo Process
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b. Laser Patterning
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d. UV-assisted Roll Forming Process

F f Pressure unit
;r_l Soft mold

UV

UV-curable Pastie
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Figure 1. Schematic diagram of the
UV-assisted roll forming process
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c. Sputtering

:

"] o2

Erosion Center

DC i
{(Vsp= —400V)

Plasma laboratory, SNU

iy
BT
)
2
<<4.L’

N
A

X

(Y

e Yo
A Al
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NEC PLE (Peak Luminance Enhancement)
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Mastushita Nonsymmetric Cell (1998)
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1. [Gas composition] High Xe effect

J{ }I.' T L] | L] | . . .
S AT Panel characteristics as a function of
E 7 1 Xe concentration in Ne—Xe mixtures
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M. Gillies, et al., “Influence of the noble gas mixture composition on the performance of
a plasma display panel,” Vol.91, p.6317, JAP, 2002 [Philips]



1. [Gas composition] He—Ne—Xe
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(a) J. H. Seo, Doctoral thesis, “A study on the Discharge Characteristics of an AC
Plasma Display Panel,” 2000 [SNU]

(b) D.—K. Lee, et al., “Influences of Gas Mixing Ratio on the characteristics of Plasma
Display Panel in He—Ne—Xe gas system,” p.619, S/D°05 [PNU]



1. [Gas composition] Kr, N,, D, gas mixtures
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M. Kim, et al., “Luminous Efficacy of Kr,* Excimer at 42" PDP,” p.57, EURO'02 [SAIT]

. Hatanaka, et a/., “Optical characteristics and luminous efficacy of Ne—buffered

AC PDP,” p.861, /DW’'03 [SAIT]
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2. [Driving pulse] Self erasing discharge

Applied Voltage (V)
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(b) Luminance, efficiency, power

T. Hashimoto, et a/., "Improvement of Luminance Efficiency in an AC PDP by Self-
Erase Discharge Waveform,” p.540, S/D°99 [Mitsubishi]
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2. [Driving pulse] Self erasing discharge
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(a) Voltage waveform
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B. G. Cho, et al., “Self-erasing Discharge using Ramped—-Square Sustain Pulse with
Auxiliary Pulse in AC PDP,” p.853, Asia Display 07 [KNU]
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2

. [ Driving pulse] Auxiliary short pulse to sustain electrode
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Y. Seo, et al., "Highly Luminous—Efficient AC—PDP with DelTA Cell Structure Using
New Sustain Waveforms,” p.137, S/D°03 [Fujitsu]
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2. [Driving pulse] Auxiliary short pulse to address electrode
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H. S. Tae, et al., “Analysis of Microdischarge Characteristics Induced by Synchronized

Auxiliary Address Pulse Based on Cross—Sectional Infrared Observation in AC Plasma

Display Panel,” 33(2), /EEE TPS., p.993, 2005 [KNU]
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3. [Cell structure] Long gap discharge
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(1) Kyung Cheol Choi, et a/., “Study of Various Coplanar Gaps Discharges
in ac Plasma Display Panel,” 34(2), /EEE TPS, p.385,2006 [KAIST]

(2) Hyun Sook Bae, et al., “The Effects of Sustain Electrode Gap Variation on the
Luminous Efficacy in Coplanar—-Type AC Plasma Display Panel Under Low— and High—
Xe Content Conditions,” 35(2), /EEE TPS, p.467, 2007 [SNU]



3. [Cell structure] Delta type
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Tae Jun Kim, et a/., “High Luminous Efficiency Characteristics of Alternating Current
Plasma Display Panel With Delta Color Arrayed, Enclosed Barrier Rib Structure,”

34(3), /EEE TPS, p.961,2006 [SNU]




. [Cell structure] Grooved structure
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4. [New protective layer] SrCaO layer
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Yasushi Motoyama, et a/., “Invited Paper: SrCaO Protective Layer for High—Efficacy PDPs,”
p.1384, S/D°06 [NHK]



4. [New protective layer] Be—doped MgO with H, feeding
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under Hydrogen Atmosphere,” p.351, /DW’06 [HIU]



8.2.2 Picture Quality
1) Dynamic False Contour Noise
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2) Bright Room Contrast Ratio
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) & . (1) Subfield 7§ 57} (8—10—12)
(2) Usage of reset discharge emission
(3) Error &4t
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8.2.3 High resolution
Cell pitch = 486 um for 422! %] FullHD(1080x1920)

A4 (1) Fine barries rib fabrication

Increased bus line resistivity

Increased scan time
cost reduction — single scan — fine pitch

(2) Low luminance, Low luminous efficacy

L 77
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Plasma laboratory, SNU (g
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E FPD and CRT Revenues ($US Millions)
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E LCD, PDP TV Market (Millions of Units)
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