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Long line-shaped plasmas are inevitable in material processing in manufacturing industries,
such as solar cell film CVD, flat panel displays (FPDs), and various surface modification of
large-area thin films. In this work, a newly proposed method of large-scaled line plasma production
is studied. In this method, microwave power of frequency of 2.45 GHz in a narrowed and flattened
rectangular waveguide is employed to produce a long uniform linear plasma. Since the width of
waveguide is very close to the cutoff condition, the wavelength of microwave inside the guide is
extremely lengthened, providing a condition of long linear high density plasma with a great
uniformity.

The narrowed rectangular wave-guide of 1.0 and 2.0 m in length and Smm in height were
prepared and the width of the waveguide is 61.5 mm-62.0 mm which is very closed to the cut-off
condition of microwave. The waveguide has a long linear slot antenna on the top surface to launch
the microwave power into the discharge plasma chamber of 1.0 and 2.0 m in length. At the end of
wave guide, a short plunger was quipped to produce a standing microwave and to adjust the phase
of the standing wave, hence the uniformity of the plasma thus produced. The plasmas of Ar at the
pressures of 100 mTorr to 500 mTorr were produced by employing an extremely long microwave
wavelength. The parameters of plasma thus produced were three-dimensionally measured by a
Langmuir probe.

The axial profile of electron density was extremely flat and the plasma uniformity was within

4 % in the entire plasma over 2 m long. It was also found that the profile of electron density
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showed a standing wave like profile for the short plunger position. To be specific, the electron

density measured in a fixed axial position showed a standing wave-like profile, indicating the short

plunger has functions of standing wave generation and the phase-shifter as expected. The value of

electron density in the plasma showed a very high value, as high as 1x10'> cm™ at the pressure of

100mTorr and the microwave power of 1 kW, indicating that the plasma electron density is

adequately high above the cut-off condition of microwave. It was experimentally verified that the

axially uniform plasma production has a threshold in microwave, above which the electron density

becomes adequately higher than the microwave cut-off density. In these conditions, the microwave

power comes onto the short plunger and is reflected, producing a standing wave, and thus the

plasma uniformity can be improved very much. It is concluded thus that the present method can

provide a powerful tool of large-scaled linear uniform plasma production in length more than 2 m.

TR TE HE
(BFEHAL - M)
XY ¢ R & Ft
200 84 1, 800, 000 540, 000 2, 340, 000
200 94 1,100, 000 330, 000 1, 430, 000
20 1 04 500, 000 150, 000 650, 000
Gy
FEE
o 3, 400, 000 1,020, 000 4, 420, 000
WFZE53 8« S 2Rl
B OSE - fiB « 77 XA~RH - 77 X<
F—U—F: KAET7 XA~7 ok A
1. HFRERBYAIOE R
7T MRENT 4 AT LA ORLET 2. HEOBEH

Ot ARLKFET /L AOREAE 7 8K
AN SR L TAIRELFICBWNT, 7 X~
Ta AIMEERTH D, ITHESFILDK
RO R AL 2RI IZHEIT L. G 8 AR
DT T X~ akv AHOT T X~ JRE 3
ORFFEIHARBITITEA LR, FKET 4
L LDORFEUFIZB N TS, FORFHELE
B 5L RkEfbiInETHD, ZhbDHE
I, REFED 7 T X< IR RIS &
DRRET T A<D RED BN
TWb, L2 LRRs, KEf7 7 XA<RO
BRFE 1T Z O I IEH 2 RV E E DN
HINHY, ZORBITIEIELTHRNOD
NERTHD, FO—D2OHEIX, KEHET
T A= EmEARENCLY 2k TERS

%6, WRORRESPIERREE L7200

KT 7 XA~ D FEHR 2 REREIZ LTV
60

AWFFERRE TIX. G 8 ARG O K s
T AT T AR EEBRT HT-HICKHE
Wi A 7T X< AR B OBR 2 B &
95, 2IRTCKMEE T 7 A~ %2 EBT 57
DT, —REOE WK — R T T X~
DT R VAL B Rt N BN o AW
HKRIZTGA T T X~D 2 R THIBESNC X
D — RO WKRIEE 7 A~ &2 FEBlT 5
Dy, & D WITEMAR ST X 0 RERANC K
HMEEI 7ot AOFERELAREIZLEL D & T
HHDTHDH, KL TIE, 2,4 5GH 2
<A 7 aENRT =LY KBS A TS
A< T HLOTHY, 7T A~D—
BRMEZ R T D AT E LT~a 7 ml
FETZ A O NI RSB A IR X 0
TE D LD MRS THAIR 22 R AR 2 F
L. BREEDN DR 2D KO E
ZEWEL T, — OB WKRE T £ 7
TAHAERSELEEORBEZ L LD &



THHLDTHD, OB T A TTX
WL KEEEFEHRT L HEAZK LIZRT,

Large Area Process

Akil{lasmas

st

(a) Parallel Line Plasmas Process

One Uniform Line Plasma

/

Line Plasma

(b) Roll to Roll Process by a Line Plasma

K 1TA 7T A~ XD KRmFEENR O

X1 (a) 1T KEBOEWRICTA T T A%
WATICH R TUHEEZIT ) D TH D, X 1
(b) 1TFRIERZ o — b — L&
BEHSE—AKRDT A T T X~ T ELT
2 FETHDLIN, WThOFECEN TS
B—MOENKIFE T A 7T X~ DAL
BNy chH v, AR TR~ A 7
T A T T X DARL - AT OHEST
ZHBE LT, RS 1 mBILUO2mizBIT5
~ A @I AT T X< AR NI
LW T2 D TH D,

3. HFREDFE
3-1~vA 7 nEOEREE—F

W X E P A B R THRY P E T e
RATT, ZORA TORELH L TV E
e DFERENIIRR A 3 5 0 | EIE O£
EEARTRWIER OB _®N4f%@
ﬂ?é_kﬂféﬁwo_@@ﬁ@&ﬁgﬁ
Wi e & FEOY, R IZ B W TEIRAT

KIND, a,b [ TEFEEOMEMORESTH
D, mn IZTFNEFNE— FEEZHEL TV,
TE,, B— R TIE, #E¥EEIZAc = 2a & 742
%, TROLEREORIND 2 FLL EOE N
KR8 &i@ﬁ?é EIRTER
W, Fo, TNUHEEENICBITAY A /1
ﬁ%ﬁ@k%ﬁ%@&bf\%®&ﬁﬁ%—
FEB L OEEEO BTS2 LT
b, —RICARZEMEREL LV LRSS,
INEEAEE g EFO, RATERIND,

(2)

s (D) B (2 R kiu, EEE
WO E L g 1TFFICH v b A T7fETREL
EAbT 5, JEREE 2. 456H 2z D~ A 7 w1zt
LT (2) REVFEINDFEEENOWK R
BN a OB E LTROD L, MHa %
BHODHILIZELVEAKEEZKRBIZELS T
&, B, EREREE 62, 0mm OBFAIEE
/X 776mm TH Y . WEAS 61. 3mm TIE 2467mm &
2mEMZHFETICEL TS S 3:75‘>‘Hj§1€%>
INHOENEEN+EL &5 8EE
@_%w1\747mﬁﬁﬁ%ﬁ6#@ﬁﬁ
T SE, 2O~ 7 a0l TT T X<4K
EATHO LD —HRMEOB WK~ 1 2
O T AT TR OERNAEEIZ D &
Ezobnb, £7-. TE, T— FTITEEED
HYLCERANER K E 22D | Wl TIEER
N, BANPRKERDDT, v 7 vl
BN EFRAT 2561135 E O i~
T OVEE R 2 B 72 U B 720, AR
ZECIE, TS OFERLIC IS X A IE % i
Il L, BRREDOR S 25520
TSI A EREIT, —FRMEDOE N T A
TIAEEETDHHEDTH D,

32~ ulTA T T A REER

K2 ICAMIETHWE=T7A4 7T X~k
REEOWKK ZR~d, 2HEOEIDT 4
VI TRRREF Yy NRN—F NI A
T A< DAEREREIT- 1=, B 2. 45GHz
D~Ar7ulEN A — b Fa—F—T~
vFUTEED T NEEEEHNTER
WREICBAL, T4 T T A~ AR LT,
ZOBA, HEEEKEICENAT Yy NT T



FEZITTHY., Ry FEY NI
HvA 7 aEN TSI A NERIND,
F-. MEEOMBICIZ s —F T Uy
—EREL, vA 7 o E K CTERE L,
Ya— b T Uy —BELTWDEK
BSTEIT I A X (96x27 mm) DHDThHh b,
F ¥ UN—=TFE OIS Ar T AZE AL,
F ¥ LNl B EZEYER EITV, Ar 77
A= wEpk Lz, BEREEE KR OTF ¥ o\ —

Variable range
Omm-80mm

Microwave
Power Source

Plasma Chamber
with 1m and 2m

2.45GHz

X2 ~A7alTA 77 AvIEEER
DL ]

FES1Ime2mObOEFHL., Z0OHE
OB ERITZENZEN 2a=62.0 mm I L O
a=61.5 mm THV ., BEFEEOEHIIFTWIND
5mmDLOTHD, HIEMRL 61.5-62.0
mm& 72> TERY JIS oA XOEWE NS T —
PN B O CER B 2 D T D, =
NIE 7T X~ D — M % W9 5 AR
E LT~ A 7 aRERERE OB NEER
P EREIC LRI TE D LV REEH
WTERFH LEZb D TH D, ok, BEZEREFH
BERIIIT R I AT TR (FERL )
ZHWTWD,

Ar W AES 5Torr~ 1 OmTorr, ~A 7 2%
77 1000~1500W DEAFIZRBN T, 77 A~
REBREIToT2, 77 A<HEIL 1l mm @
W7 Ia7—7a—7CiiL, &Ko
AT T AT O—FEPEICOWTEL

| B8 I
o

50 mm

B3 HEEWENRO WIS m—T
HENLIE DR

<t T o712, EEOHE TIEIX 3I1TRE
NTWs L9, XY, 2 O3®ILCTHERFT
S TW5D, X 3ITIEA o8 TR &5 W (X
EARLTWDN, ~A 7 aiOERE S mN 7
FHRTHY, Auy 6O REENR X & LT
RENTWD,

4. WHERE

4-1 2mEFA VT T AvDER
2R EINTTA 7T A<EEFEIZB N
T, ITIRXSBEH S EZ 2mEDTA4 75
AvHEBEIEZ, KRBT A 77 XA~D4
REER AT o T2, B E SHEIXIESY 61, 5bmm,
21y FE2000mm., A2 RME3SmmTh
b, TOMOIEERERIT 1 mEOERE L £<
FRETH D, HAliZ2mETA T TR~
TOT T AR EEROETEZEHEHTRL
7o T HEFTOBINZES TR VTV D D
DRZ5, THOBHIEEZBELTCOT T X
< FHEOBWPTIX, 7HERATETOBNERICE
WCT T ARERBR I ND Z D, 2
mEEBIChz > TT I A~AERNTbh
TWAZENER SN, T b OBHZEIX
Tu—7HEAOR—=FbLIENRTEBY, Zh
LOMER—FEBELTT 7 X~ DM
AT DORNE ZAT - 12,

M4 2mET7A 77 A<EBIZEITD
7T R RO, B E W OB )
LR2A2Avy Mijm CHOT T A<wR4E
DOFEFHIER L TR LT, ~A 7 vikE
950W. Ar 4 A£77 0,2Torr

K5CiX2mEDT A4 7T X<vEREIC
BWTHIE SN2 E 15 E O /54 &
RLTe, A 7 akE I EEZTE DA
O E I LR LTz, WESINZETE
BEDOSAICIE, 1 mE THIE S =546 & (A
BROMAMNROND, Thbb, v 7l
BV EEHIERN 1T kK WEL F O Tk, &
TEEO® G M OMAILENREY TR <
TRV, A 7 aEEOEMNE L HIZED



P PEIE L, ~ A 7 niE ) 1300W D5k
HTIIB O TR RE—MENELNTE D,
AR OFERCREBLIZIA v 7T X~k
WRENEHTHDLZ L ERL TV D,

8x10"
wo'F . v v
ol 1
e Ox10 I cronave Power
S v 1300W
> 510" o oo
a 800W
8 " .
T
c - —
]
§ \./ \
w L]
w 210" |
.1 || Ar Gas Pressure 0.5Torr
1x10 Short plunger position 40mm
[}

) ) ) ) ) ) ) ) )
[] 200 400 600 800 1000 1200 1400 1600 1800 2000
Axis position Z (mm)

M5 2mEITA 7T AICBIT HEFEE

DR S7 A

BRI, K5I8V TELNLEFBEED
il 7ML 4 BREETH Y . D T
MHOBNT A T T A< DERNERS N
HZEERLTND, KBIZRLIZEFEE
DS R ITFZE R 2R EREN 1. 6m
THY., 1mEDHEOUELEE LD 3L
LFOEESTHLZ LG, RIFETIREL T
WD T A T T R~ ORI 1 o
B — M2 RERICRAF &35 X5 7B
FAETDAREMEREZ BN D,

K6 (aBLOb)IiTF v N—NET
s bREEINZ2mETIA LT TR
v EROKRTFEERE YR LTz, @B~ A7
o E AN SE AR D THY
X a— P70y —NbiRE LI
HLDOThDdH, MEDOEA LS, FOEICE—

6@ 2mEITA LTI A~vERKDOF ¥
UR—NENERE. <A 7 v S E A
LR LT,

X6Mm 2mEITA LTI AEFOF ¥
UR—NEEE, v a— T v —1
MOIRE LT,

HOENT 7T AN ERESRTEY, K
5128 W TR INTZE 5O ¥ —
ORI ZEMITTWELERTHD, B,
K6 B\ THLEHLMMIR OGNS T A
RORNKITFLEHLT A VT T ADF v
N—BENLDODRHICE D bDOTHDZ LT
HEE I,

4-2 £t

ARV T AE 2B R A X0 K
EBREALTND T Ty RARRLT 4 AT
A . KBGEMASFREFE T 4V A OZREAL
2 EREBOERENRLETDH TR R
A7 X=iE LT, Rt~ 7 aEo4
VTR DIERINERFILIZHOTH
b, RKEMEWET AT A<RE LTH—
MOBENT T AOEPELL 2D E
HAFPBENAE L TRBY ., KEfE7 7 A~ %
HAESELZHLWVEMNBEI N TWS, &K
e ClE, KMfa~> 7 A~ %&FEB$ 25 I7ED
—D L LTKEAE~A 70l o4 7T X
~DERENERFILI-boTHh D, B
DENWTA RO T T A~vm~A 7 ol
WCTERHEL, KufE7 7 A~7nt220H
THHLDTHLN, RFETIX, 714077
R FEAEHFMICE L CRBORF EZ1T O &
EBHiZ, RKiffEi~A 7 alfio 4 7T X<D
AR EZIA v EN1Im, 2mDOIA 7
T AT DN TEEE BRI O S0~ B EER Y
MREtE1T - 72,

AR TH LN BB T E LD
HELLTFD LS TH D,

(1) 1mEIA T T AX=ITBWT, EE
BhE%E 62mm R THZ L TEFEED
#il 7 16 53 A A3 5 % AN O @ W) — P& 3
2o
(2) 74 7T X~<uhlmE—rEOERIC



I~ A 7 e EENCERENFEL, S~ A
I aREIOSEMT, I RAYEFEEN~
A7y NATEE R Ty ERD S
THh AR R L AR B,

(3) BFEBETa 77 A LVORIENS, &
WEmCHRE LY a -5y —1%
G NICEER & AR SR B ETE
HONARFIEOMEZ A L TWVWD I & 2K
M L7,

(4) 2mEFA I AX=ITBWTiE, =
A 7 aikES 1300W D 5eff: Tl 5 il )7
M54 28 4 % AN D@ W —MEE2H L, D
AD=ANF I mOGEERETHD Z L
A ST LTz,

PLEARBFZED R EIT R AT T > btz

V7 e ALK G R R CVD 4 O T
T E2HLOTHY, SHIZKFET 4V L

O KIEFELBLIEE OB EIZ S D72’ D 2
s, BREELSTHIZEZ DA 37 MiX
RKREWLDLEEZ 5,

5. ERaBERARXE
(WFFERFEHITIT T

UdEaEamsa) (744)

O EEERE. KK~ 7710077
A< DBA% . Journal of Plasma and
Fusion Research, ##tA. Vol. 87, No.
1. 2011, ppl8-23,

Q@ EREERE, KM~ A 707177
R DR rI DN =N ) T,
A %cA . Vol. 55, No. 12, 2010, pp. 52-58.

® Haruo SHINDO, Yasuhito KIMURA, Takashi
HIRAO, Large—Scaled ECR Line Plasma
Production by Microwave in a Narrowed
Rectangular Waveguide . Abstract of
18th  International conference on

Gas Discharges and Their
Applications . B REA . 2010,
pp. 422-425.

@ Yasuhito Kimura, Hideki Kawaguchi,
Shin Kagami, Masakazu Furukawa. Haruo
Shindo, A New Method of Line Plasma
Production by Microwave in a Narrowed
Rectangular Waveguide, Applied Physics
Express . #& %t A . 2 . 2009 .
ppl126002-1-126002-3,

(® Haruo Shindo. Yasuhito Kimura, 2m Long
Line Plasma Production by Microwave in
a Narrowed Rectangular Waveguide .
Advances in Applied Plasma Science.
EHA. Vol. 7. 2009, pp211-214,

® H.Shindo. Y.Kimura, 2m Long Line Plasma
Production by Microwave in a Narrowed
Rectangular Waveguide . 17t
International Colloquium on Plasma
Processes, &FHiA. 2009, pplll,

(@ H.Shindo. Y.Kimura, N. Sato. M. Suzuki.
LARGE-SCALED LINE PLASMA PRODUCTION
BY EV ANESCENT MICROWAVE IN A
NARROWED RECTANGULAR WAVEGUIDE. XVI
International Conference on Gas
Discharges and Their Applications, %t
R . 2008, pp. 417-420,

(F2%R) Gtsih)

©) E%% Rl SRR . AR RN e
kﬁ&747n&74/77xv@$
BE OB MR, 5 71 [BISHEL
#%%@A\mmﬁ9ﬁ\%hk%

@ KRFEEA, BEMETH, KRR, S2mAR
KER, MR, kﬂ&v%ﬁn&74
VTR0 (D)., & 57 BsHY
@#%%EQ%EA\mmE3H\ﬁﬁ
K

@ AKFEEN, HEREFRMRE, 2m§v47n&
TA T T A~ DR, 70 Bl
%éiﬁﬁﬁA\me9ﬁ\EMki

@ AKRFEEN, EEERRE, KB~ A 7 o
FA LT T RwDAERK (1), & 56 [E)
m%@#%%@éﬁﬁAmmwﬁsﬂ\
HLE R

® *H%A HERRFR I kﬂ@v47u&
FA 7T R DER. 69 Bl E
#%%%%EA\m%E9H\$%k$

6. BFIEHAK
(Dﬁnﬁ%ﬁ

HEREA#E (SHINDO HARUO)
HOME R« PR TSR - 2%
WFFeE %5 20034407
(2) HEEMF TR

MATERKE (OKIMURA  KUNIO)
HHERS: - IEHE LR - A%
W95 : 00194473



