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^r Slty. # ^ ^ 1 ^ ^ ^ r "S f̂l PLD, co-evaporation^}- ^ x r PVD (physical 

vapor deposition)1^ ^ ° 1 ^-g-sjjiL <&$=rf, 2 3 j S ^=£\ A3^.°) °}^r ^ H ^ 

^ ^ ^^°] 91^-T^r 2 7 l 3j-^lw]-g-jzj- ^ ^ t i l 7 1 - 9]*) 7§7$s§o] ^ ^ 3 ^ 7^ 

°) €?- ^ " T j o l ^ S\-^^ ^ ^ x r -fr7l^-^r S\-^ 71^-^31- (metal organic 

chemical vapor deposition, MOCVD) ^ - f M i l ^ i s 1 ^ (metal organic 

deposition, MOD)1^ ^ ° 1 ^-g-sjjiL J&i l^ , o\z\ «>B]-^| ^ - ^ ^1 PVD ^ ^ 

°11 -Si?]: ^ iL^ f *ll <H *1 *1 ^ -g ti] ti]-g-jzj- -£-§-til7l- 7-1̂ -grl-Gl T j ^ l ^ o l ^ i t\\ ^ 

^ ^ H l -§-°l'o"rrl-^ ^^°] AIA. 2 . 3 J S I r^ r # ^ ° l 3 1 tf| 34 ^ - § - J ^ ^ o ] 

^-Tj (MOD or MOCVD) ^^^.S. T\)2i^t ^r AIA^. ^ ^ l ^ ! 3 2 } - -^ - i t^ -s fe 

s ^r 9-1-%- ^ ° l 3 1 t f l ^ ^ - ^ - S ^4l3:§ ^r 9X^ 74-Si -fre?!: ^-7§o_g_ q]s£ 



Qty. s l ^ O ] ClTll °1 3l ^1 SjJf (gJT-yjilj-^Al^ J5.S- ^ - § - $\-^\-^ ^^6_g. 

T])^}^^ S§}-#- 7l-§-<5l31 $irf. 

#S}3l ^3>T^3i|- til32.-grl-^-§- rcfl S\-^^ ^ ^ ^ °1 t f l 1 ? ! ^ ^ ^S^-Sl S°0 t 

-Si i s ^ ^ l o^xr 0 l3 j - i : 7>31 o j ^ 71^14- Sj t i l^o] T̂ J-AI °|-§- o] -g--er|-^ 

MOCVD^ °ot^ol 3 ;74S ^J-^ht- ^ 7 l -^-5-1-^ 850°C-Sl ^^r ^^Hl rS^ l - H 

^5131 $irf. ^}-31S laser ablation°) ^ T ^ B i ^ ^ ^ ^ - i -S}^ ^3>T^^- O] 

iL^f ^ x r 750°C T3W<H1*| °lJf-(>l3l31 $irf. -^^- ^S -S l MOCVDlt °)-§-?! 

2 3 4 S ^ ^ ^ ^ ° 1 ^ i i ^ o ] -§--§--§- -̂ -SI-CEI ^A-Sl-rl-. ^ ^ ^ - 52-^ollAl3| 

^ 3 1 - ^ - 7l^-3i|- 3:74S74l7lol ti>-§--§- -frS-oi-CEl JUSTUS} -|r^j-|r 7] ^}X\ fj 

^T $i_o_Ti} ololl xc\-S- JL^rOllAlS <?>3j^oj H ^ ^ o } ^3l-ol 5 ^ 7 ^ _o_^ _g_ 

n2-^!^ ^^°) o j ^ ;cn-sl 7£%); T^til^ -O-AI ^L^p-er^ ^ T ^ l - ^ l ^ " ^ ! 1b 
A$lk ^r Slty. 

T^xr f ^ £ f TTS-"51^- 7f3j- * ^ ^-T^ o\g plasma enhenced - metal 

organic chemical vapor deposition (PE-MOCVD)Sl- ^ ^ St^^v}^- &)-%--&} 

^ ~t3^°) AIA. 23J^ |74^ -g-51-Zi-pl- S\-^7)7$^^-§r 01-§--5T1-CE1 YBCO 234 

S. ^J-^ht- ^ ^ ^ ^o1"1^32!- H -Ir^Ml t\\^}°^ 91 vt^}^.1^. 



7il 2 ^h YBCO ^ ^ J E ^\~^\ z]}^ 

7\) 1 3[. If-el-Zi-pl- S|-*l-7l^4-^31-T^ oil -Sl?]: YBCO 2 3 4 S ^ ^ ^ 3 : 

HTS 7l^oll ojo|A| ^h°- ^7}- -3-SS}- ^ £ - igTl-Sl ^31- Wj-trt ^l lij-A] o} 

w1^. #S}3l ^31-^54- wl32.-grl-^-§- rcfl S\-^^ ^^^°) ^^.^^r ^f^t-Sl S 

^-Sl i s ^ ^ l o^xr °l3j-i : 7>31 oj r^ 71^14- Sjtij-Alo] T^-A! °|-§- <=>] -g-^|-^ 

MOCVD^ °ot^ol J ^ s ^J-^ht- ^ 7 l $)^}°^ 850°C-Sl ^^r ^^Hl rS^ l - H 

^5131 S^rf. 7l^-3i|- YBCO ^"M-Sl ^-§- l r ^ ^ l ^ l -rl^r0^ ^ l ^ l r 0 ! -3-n2" 

51^141 71-^-?!: ^ ^ - -^rSollTl ^^T-^rV^ 7^o] 71 ti>-§--§- j l ^ ^ i ! . ^ . ^7||A] 

H ^r ^i^K TH^T ̂ rS-Sl MOCVDlt °l-§-?!: 2 3 4 s ^ ^ ^ ^ ° 1 ^ ^ ^ o ] 

-§--§--§- -rl^r^ llil-6-l-TJ} o | 4 | ^ - c - g ] . ^ 7y^j- ^o_ WJ-T̂ ol M-^-^xi].^ A}-§-

C. S. Chern et al. -£- plasma enhenced - metal organic chemical vapor 

deposition (PE-MOCVD)^-^-S YBCO ^l-^bt- ^^}°^ 1991 \f!°11 ^S 'o ' r^ , 

^.[1] 7)^^.S. LaA103 (LAO) ^3:^3j 7l-?H|- 3]~g--§1-^^141 0]?=- YBCOS}-

lattice mismatch^ 2.3%°l-oi-S 3J-J1 SrTi03 7)^3]- til^-el-al ^°- . o . ^ ^ - ^ . 

5 ^ 1 ^ - . IE ^ x r v\o]^gs£\)o]ti ^3 j -§ - i l c ^ r } - . ^ 3 1 - ^ 3JB1P4 cold-wall 

^H-Sl ^3 til 5} 591*) 71-g- TJ-31--̂  7l%l-7l-S|3] *] "E-4 ^- 7>-§-?l PECVD ^ ^ l l t 

^r-o-'ol-Si^K ^r^r N 2 0 71-3^-1- T l ^ ijQ-g^l-TiS. ^r-o-^rx^^^l ° 1 ^ CVD-Sl 

f ^ £ t T^f^ S34"7l- $irf. Remote ^l-0l3S-$ll °1M. -g-el-Zi-pl-^ 2.45 

GHz-Sl ^ I S S ^ l M . cavity°ll S j j r ^ 7l-7i^-§--§- # ^ S | - 3]^}£}-. 

Y(dpm)3, Ba(dpm)2, Cu(dpm)2 (dpm=dipivaloymetanate)7l- 7\z\ Y, Ba, Cu 

precursor^ ^>-§-5l ^ r f . sTf- 31741 ^ 7 ^ 5 . A} *1 ^-#- -§1-^ ^7]^^. o]-g-̂ r}-

°} Ar carrier 7}^S. ti>-§-7g tf| ^ . -̂ r̂ Lb î T^. ^^Hr - LAO 7l^--°4°ll 7 1 ^ - ^ S 

730°C, 5 Torr -Sl ^ ^ ^ § 1 , H-51-ZI-PI- $[$) 100W, N 2 0 500 sccm-Sl 3:71 oil Ai 

^ 0.3 im -Sl ^f-^l-Sl ^ ^ - i - ^ - i - ^ i ^ - . n ^ l-Sl -^Hr^ ;lt32l- y l32.^ 6])^)'^ 

^ ? b ^ ^ h t - iLSt-^-13! 88K-S1 ^ T l l ^ r S (Tc,zero), 0.5 MA/cm2-Sl ^ T H ^ ^ f ^ S 

^k (@78K)-#- 1-I-BI--14Î rf. S L ^ V ^ o H A ^ rflei 0.2 /mi 371-Sl ^ l^- l -o l ^ # 

sl^^f. 
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64 

n ^ 1. PE-MOCVD ^ ^ - S 730°C°ll7l ^413: si YBCO ^^$\ XRD 4 | ^ 

Y. Komatsu et al.xr p><5l3S-$ll °1M. ^^^v} MOCVD ^-#- c,l-§--&i-^ 

Si 7l-3--£|oil ti434^ Z r 0 2 l t H'5'131 H -£H1 YBCOlt ^^-§1-^,^1-.[2] sjtij-^l 

°1 ^l-^l 35.-^1 °1^- H-el-^13!-^ TEio (rectangular) S ^ ^ ^ l ° l l t TMoi 

(circular) S ^ S til-^^pig u4 ^ ^ -g-g^p"!- ^ S l t <£-#- ^ $irf. o] 54, ^b 

S ^ ^ l ^ I ^ - l - ^-Sl 3L1L1S -1-51-ZI-PI- CVDlt 7>L-g--er)-ĉ  Si (1Q0) 7l-?l-£|oil H> 

^ - s ^ ^ " S T A ! 1 ^ . ^ ^ i i S 0 2 71-7^-1- A]~g--§1-^31 Y, Ba, Cu, Zr T ^ i S 

^ S ^ (dpm) 7HSf-§- Al-g-^rl^rf. rflei ^p Torr-Sl ^ ^ ^ § 1 ofl A4 700°C°l-o"l-

-Sl ^ ^ ^ r S o l l T l ^3l--§- -Sl-^rl-. (J£ 1 ^J-^) 7 2 ^ 2 ^ ^ t i l ^ ] 7J| S n 4 | ^ a } 

I r ^ . 300°C-Sl ^3l-^-Soll74 BllJ^el-^l^^- (111) ^J-^-Sl ?f-7\) 90nm Zr0 2 ^> 

^ - i : ;4l5:-5rr$itl-. e ^ ^ o ] MOCVDlt °1-g-'o'Ki ^ ^ IE^ ^-^BS-f}^^ 

-Sl -ir^r-|r0l ^ ° 1 ^ W H 5L?}-£li-l- ^h^-E^v}^ ol-§--sl- ^-S- 74.04 -|§.^-§-

°1 ^ # 5 1 3 1 S^S^rf. (FTIR IE^ ESCA ^r-^4-^-^^^4 S-°J) 



(Ill) Zr02/Si 7l-3--£|oil o.3/flii ^^ll-Sl YBCO ^ ^ N t ^^iSX'tfr. 650-70 

0°C-S1 ^3l-^-Soll74 c_^ tifl-^si YBCO ^ ^ N t ^SXA- ( H ^ 3 %2i) XRD 
3Xl3SJfB4 J^AjS i r^ Si 71-3-54-S4 ti>-§-ol ^ i N t i t ^r AA1^. 4 TQT,-1!]Jl 

S #7j54 YBCO ^^-Sl °47ll^rS ^ ^ T l l ^ ^ - T g S ^ 7|zl- 85K, lxlO5 

A/cm2 ^ A ^ ^ K 650-700°C °ll 74 ^31-54 s j ^ - grain 3 7 l ^ 0.1 /m 3 j s $ | 31 

600°C-Sl 7J-S- 0.5 im °)3XA- ( H ^ 4) 
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j j ; 

0> Wave guide <J> Vacuum system 
@ Mode convener ® Therm ocouple 
© Quartz glass @ Healer wire 

(£) Substrate position ® Evaporator 
© Substrate © Mass flow controller 
© Substrate holder 

7 1 ^ 2. S ^ 34^-5^ ^ I S S ^ l M . -fj-5l-7fi-pl-4| 7l-§--Sl-

MOCVD ^^1-Sl 7H?iS 
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H ^ 3. ^^Jvg-S-H YBCO/Zr02/Si -Sl XRD 4 | ^ 
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n ^ 4. YBCO/Zr02/Si-Sl i t1^ SEM °lTJl3l 
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^i^-Sl noble iEt^-°) 3 : 3 4 s n ^ o ^ Cul r tfl341 "̂ V°̂  # ^ ~ s %M)~Alll 

^r A A ^ ^ I Ag7f t f l a ^ o l ^ i Tl^-s]: d o p a n t s SJ-^7^ $jrf. Ag dopingxr ^ 

^ ^ ^ c - ^ tifllHI- ^^-3]71^7 o)g_^ ^ 74134 f̂1!! S i r fesj ^ ojrfjL i L 3 

5 l 3 $ 1 ^ . lE^ JL-gr ^Hf"?!: ^rTi °4l 34 iLrf 3F 3 4 ^ 1 ^ ^ - ^ - S SJ-^7^ $jrf. 

Naoyuki Takahashi et al.xr Y(N03)3 • 6H2O, Ba(N03)2, Cu(N03)2 • 3H20 H 

5^3 AgN03^-Sl ^ - ^ ^ ^ r - i - -SS.-1-^-i: deionized wateroll ^-c^ mist 

microwave-plasma chemical vapor deposition (MPCVD) ^ ^ U S MgO 

(100) ^TlTj 7l^--^|oil 50 Torr-Sl ^31- o^-g-j-o]] 800°C-Sl ^^HlrSol l* ! 

YBCO 3:34 s ^l-^ht- ^ ^ " S I - A I ^ - I S ] (S. 2, 3 %3£) f l i ^^l-^rS7l- S>oH 
Ai ^H""?!: ^S-ty tf fe^ht- s" ^r A A ^ ^ I ° 1 ^ nitrate-Sl -r-71-i-i- Qg_ £L 

i S 3]~g-t}- ^ -T" , -fr7l^-4p dpm-i: 3]~g-t}- f̂l i L ^ fexr ^ t H ^ - l r # 7 1 £] 

"o"r°i ^ fe-cr ^rS7l- ST^sj-t^. Y:Ba:(Cu,Ag) = 1:2:3, x=Ag/(Cu+Ag), -§-SA 

f̂l 34 7 4 l ^ - 4 p ^ S ^ 0.5 mol/1, T^T^oti-Sl m i s t ^ S^TT^^^)^- ^-^}0^ 1-2 

/M *}°)2i3- -§"^-Sl $£}-. x # ^S|-3l ^ 7 ^ 3j -^-s - f^ i l^ X=0.2SJ nqfl o]7ll^r 

S. (TC/Zero)7l- 85K3- 7}^ ^ A A " 3 ^^}^k°) 7>3j- ^S^tf . ( 7 1 ^ 5 ^-3:) n -Sl 

YBCO(002)/MgO(100) XRD intensity ^2}- FWHM S*!: x=0.2 sj xtfl 7 ^ 

# x r ^"Ir iL^^PAi^K (H%! 6 ^ 3 : ) °] Ŝ  ^t ^ 3 p | t ^ 3 § ^ o ^ ^ ^ " i l S ^ t g 

"ST-AI1^. 

j£ 2. ^ ^ 3 : 7 1 

Snhslnjle 
Microwave power 
Supply ftiie of mis! 
TUCJJI lluw nue 
In [Hit molar nuiu of oiygcn 
Total prtMiiPre uf ncjfLna 
Deration of depcnticion 

M t f t f "X ) l 
,mu w 
£0 seem 
_VW Mxm 
0.30 
50 Ton 
3 h 
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i t 3. EPMA Tr^oil o -̂sj- as-deposited ^ ^ - S l S\-W,2i^ 

Ag/(Cu+AR> 

n ^ 5. Ag tJ-^Ml nj-s. (a) o i ^ j ^ c w (ty 3OOK0H74 7-1%!- i^3l-
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■r. 
S 
<^ 
C 

0 0.2 0.4 0.6 0,8 

Ag/fXu+Ag) 

n ^ 6. x°ll tcr-c- XRD 3 7 l w] ; YBCO (002)/MgO (100), 

YBCO (006)/MgO (100), Ag20 ( l l l ) /MgO (100) 

W. M. Chen et al.xr YBCO S34S^IH1 *}£: ^r^-E^v} 74, e| 3j^-S4 JL 

J 4 # ^ ■ ^ ' S I - A I 1 ^ . ^ ] ^ l ^ r ^ r ^ *}^ 7p7i^- 3 1 ^ ^ l ^ r , 343} 715} 3 -fr^l-Sl 

3[-72^-3l-S ol^-Ol^l SjiS.04 ^-^l-^B^ol cf. 7 1 ^ - 7[-72 ^ l ^ - c r v ^ L o ^ S 

pjj-O- -̂̂ --grl-Gl YBCO 2.34S74l'oH 3 1 ^ - ^ ^ g ^ j - J L ^ ^ Sjti>^_o_^ SJ-^7^ 

$ i ^ -tt^ii SJTl^l^l-^ T^fS-1^. W:?}-^*1} 3|e|34 YBCO 1[3-Sl Tc,zero^ 92K 

° l%l3 40^-7} Tf-T̂  H-el-Zi-pl- 3 | e | ^ - 96K^-3- ^-7}^}$^^, (71^ 7, 8) ° 1 ^ 

ojti>^qo] 4^-7]-T^ ol 1̂ - AC susceptibility ^■7§&-g. ^Sj-s]- ^jzf-l- i L c ^ o } 

1̂ -. Iodometric titration ^r^- l r ^ f b YBCO ^ 3 i 4 l - ^ T ^ ^ - #51-^^1- ;*|e| 

3 i ^ ^ e ^ r A t ^ K 3^3i]-0^ 3431-713j-^- 2 3 4 S ^3 -S l nfl-S- gj^r^1?}-^- ^jZf 

■o"r̂ ll ^ ^ K ^7 3 ^ 3 4 0 ^ -g-el-Zi-pl- 3 | e |^- ^-31 YBCO 1 [ 3 i-fl^l- «=>"|-\i 5 . 

lgollrr> O j - ^ | . ^ ^ | ^6] ^ ) 5 f ^ ^ ^ j Z f - 1 - i ! _ 0 ^ 7 l l S ^ . W] ^ - ^ J - T ^ ^ -

-g-el-^-pl- 7-le| 34^oii ^^|-7r u l ^ ^ -^ -S i-l-Bl-^^ln]- 3JA41^ St^^v}^ 

S^^-Sl ^ f ^ o ] ^b^^lNI- ^ S M ^ ^ ^ e l - OJI^SITJI o]g 91^}°^ ^
A
§°) 

^^Q ^-^-S. ^IS-Qi^r. ^-^r°ll^i -£>;£: ^t^-E^v} 3 4 , 5 ^ YBCO-Sl 2 . 3 J S 

0.5 
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1.0 

oe 

06-

£ 0.4-

0.0 

* plf l imn m i l K J rBCO 

* erineslkic YBCO ^ 4 ■ ■ • * 

P 

/ 
. ft . . * . . . . . ,. ...F._, , 

SO £2 £4 S» 98 1QC 102 104 106 
T(K> 

3 ^ 7. ^rSoll ttj-S 7-1 %> t£5l-

2C 
r i c i br»i1vd fry OJCH&1 phnmi. 

7L^ 8. ^ 3 l e | 5 ^ YBCO 311-̂ -̂ 4 ^ S o l l vc\-M- real AC susceptibility-Si ^ S | -
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^1 2 l! . fb^-7l-§- t f l ^ ^ J ^ S ^ ^ 7])2i 

1990^^41 i r 1 ^ Siemens AG -Sl Neumuller^ ^r9m 3-i"i-jZ)- -§-^S4^p 

S- 7)-&}-e§ 2 3 4 s fb^-7l S4^p4| ^ A I ^ M S ] tfl1^^^)- ^ ^ ^ r ^ ^ f ^ f -S.72-

5 l ^ YBCO ^ ^ - S l up-scaling°l U ^ - °1 ^ ^ T l ^ fb r l -3 ^S^A. 100 kVA 

limiter S ^ - l r - ^ I H ^ 400 cm2-Sl VA°1S1- 5 /m$\ ^152.31 ^ T ^ ^ ^ ^ ^ l 

7} J i - n ^ ^ ^ t } - . wj-iTf- ^3l--§- oj-sl- Gle-1 71-31 wj-trtol o j ^ ^ j 20x20 cm2-Sl 

5B°lSl ^ ^ - i : -rl^r0^ plused laser deposition (PLD), magnetron sputtering 

(MS), thermal evaporation (TE), plasma flash evaporation (PFE) ^-°) 7\)9l 

SIAI^K °1 ^ 1 C V D ^ ^^- 35^ t l l ^ - 0 l 5 l -3 5l<>l$i3 ^}^) 3±QQ tf\ °) tf 

^ BAAî l-. 7)%\;C-g-X] ^3:^3j -$11 oi3sj 14- r f7 |3 j 74le]-E| -g-elloiE. (^4^71-3-

-£1 4̂1 e}1^ tf|3£| ^fht- Sl v) ^r)7} 35^£l$irl- . T^-3f3j 7!^- -£|oll^ ^°- o_) ^j ^ 

^ - s S 7^-lr $)^}°^ 37 fS l Tj-wlo] ion beam assisted deposition (IBAD)0!! 

ol§11 ol^tiflliht. 3 f e zirconiaSl- 7^^ tf|35l^o^ A415:71- ^il-o-rrl-. o)^7\] v} 

-1-^3] ^3:31 ^ o ^ Tj-S-, 105 A/cm27l- ^ ^ SJTl l^^ -TgS^ iL^^p^ i^ - . PLD 

Sl ^§-T7 5x5 cm2, TES} IBADSl 3 -̂S- 10x10 cm2, MSSl 7j-S- 2 inch, PFESl 

7j-S- 3x7 cm2Sl VA°H1 i r ^ N ] ^ ^ ^ ^ r f . y>i3K!= ̂ ^ PLE> 4.5 /an, TE 1.4 

/m, IBAD 1.6 /an, MS 0.4 /m ^SXA-

J£ 4 ^ °}5l ^ ^ ^ 3 . S tfl^Tl 71^- - |̂oil ^31-54 YBCO # S l - i - ^ - i : i l 

^ I r^f . 3 ^ 9 ^ J t 4S1 2^^1l9j 10x10 cm2 IBAD YSZ (yttria stabilized 

zircornia) W ^ ^ T - T H I TE ^ 3 - S YBCOlr ^ ^ f b ^>3]o]x4l 1.4 kVASl 7^$) 

^ s f ^ l l r -S-AI^K lE^ 3 ^ 10-cr J t 4S1 5^11 ?J 2 inch 5B°lSl 7r3i]-olol 

^ ^ t ^ - r H l M S ^ 3 . S YBCOlr ^ ^ f b ^>3]O1TJ1 250 VA/cm2Sl ^ T ^ i 

- r l ^ ^ ^ l r iL^^p^T^-. °) ^7^-01174^ ^ 7H^| Tfl-g-ol 3 i ^ S S43|5^rl-ig 

100 kVA FCLlr ^ 3 } - ^ - ^p $jile|5l-71 ^^^S&^L 7 1 - g - H S ^ -^oll ^-^--sl; 

IBAD YSZSl ^-4p 7l^-3i|- Tg-3|3j A}S\-O]<>\ 7l-?Hr o l ^ -gp^ ^71-3} ^ ^ i l 

S- °lJf-c>l3le| 5} oH^-gl-^rl-. 

- 17 -



i t 4. °}5l ^ ^ ^ 3 - S tfl^Tl 71^1- £)ojl ^31-54 YBCO # S l -g-^j 

[Y^-ai- m nt tvm\ ^ J H I I C H N 
*.TM 

TE a 
1 1 MX A 
HA i x l i J 
ru> m 
M l ft) 

i j n j i ^ r 
■ ; ■ : ■ ■ 

T 3 I * ^ 
l f i tpD i> 
raprfj 
i f S?H l 
AJ^HJ, H J l j l l 
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Vi i - tu i . ' t .& . rVEp.T j i 
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r *> i ' v i r m * * 
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I M I 
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.■••■ 

■ :■■■ 
' M i 
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lOJ 
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I I 

■0 

t. 
H*-e* J 
h . y 
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41 
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Wfli 

m 
I40Q 
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i m 
TM 

/*■■!. . 

HWm- ' i 
■ » 

■■■ 

1." 
« 

A 
f j i L r v u m J hurahni r n n **J p. t n m iku Ih: i u » m iJin.vru=J YIJK *f f, - . 
JlH| k Ike rfftwfor fihn hz* i W l k-4. Lfc*J I'V r%v4hdf P. 
1I:T1HTTHJ #4h | f« i fu i iTM^vtn- I ^ V M J K K k f ! 
\\!L rî L^LTiJi ^ / m i f -|ltndu^ji_iaHijn IChuhl. 
nJD: F-iLic-f IDCT LlfphJifl iL'jrYtnJjJ Aip4uj tti ^EiTfik AJJ l-.ri.ii/ni 

3 ^ 9. 10x10 cm2 IBAD YSZ (yttria stabilized zircornia) ^ M l r - r H l 

TE ^ 3 - S YBCOlr ^ ^ f b A}7l 
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3 ^ 10. 317$ 2 inch 5B°lSl 3L5|-e>lol ^7g^ $]d]] 

M S ^ 3 . S YBCOlr ^ ^ f b A}7l 

7-1^-?!: 7r^J*r wl3j.^- 71^-4 °1-§-"?!: coating-pyrolysis (CP) IE^ ^t^-

-n-71^31- (metal-organic deposition, MOD)^° l YBCO ^ ^ ^ 3 : 1 ^ 3 - S 7 | 

^-- i : ^ 3 $irf. 3-f^ trifluoroacetate (TFA) - MOD 7p 7 ^ ^ sj-^3] 7l 

^°1TI1 # x r 2 3 4 S # ^ - i : i l ^ ^ H . $ 1 ^ . lE^ M:^i7} *>-°r£l3l SJ:^ -=*-4p 

acetylacetonatelr ^ . ^ . # ^ S ^ H ^ 7^-°-S i L 3 £ l 3 SXty. 

OJ^.OI]A.4^ Super-ACEe}^ ^ 7 r ^.S.^)S.c:>ll>| 2 3 4 S 3-1^-^ fb^-7l-§-

(resistive type fault-current limiter) 30x10 cm2Sl t f l 1 ?^^ ! \ MA/cm2Sl Sj 

^l^^f-lLlSlr ^ . ^ - s - f i <^\. °1 ^ - J t # -rl^flTl^ T?4 7-1 quenching ^\^\ ^ J 

"o"r̂ - wxr H ^ T ^ E ^ ^ - I I ^3l-8-f7l - r l^^l t f l ^ ^ ^ l sapphire 7)^<^) iL^T-

sirf. 7L l̂x4l lattice mismatchSl -g- T^lS}- J}-*!- ijQ-g-ilS 91^}°^ *}$\-o)<>\ 

7)%\; ^jojl 3 1 ^ 2 3 4 S YBCOlr i s ^ ^ r ^ ^-cr ^ - j " ^ ^ 3 7l ^jZf YBCO 
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tfj-iT}- A]-o]04] 3l3|-sT- tf|35l^ol ^ ^ - s ] ^ ^ ] Ce027l- 3}- SJ-5^3] -^74- tf|3Sl^ol 

A-
Manabe et al. [6]xr 12x3 cm2Sl T^TI--^ BfSjS] g.3 MA/cm2Sl SJ74134 

T f ^ S l r 7^^=- YBCO ^>13l"-i: Ce02-buffered sapphire (CbS) 7l ^Hl ofl ^j^g-

3 1 H S ^-T^^T ^f- 4̂1741 oil 74 71-3J- -3- 30x10 cm2Sl til ̂ 3 1 YBCO ^>13l-i: CP 

^-7j-§- T^-a-fc^ ^llS-s-f^rl-. ( 71^ 11 ^-2:) ^7] 40 nm ^f^ l l r 5 ^ Ce02 

ttl^lrxr ^-SJ THEVA ^ H l A i evaporation ^ 3 - S 30x10 cm2Sl 3L5|-e>lol 
7l^--^|oll ^.7±-^c$t\, CbS 71^- ^)o]l 41-^71- S j ,^ T̂ "4p 

acetylacetonate-based -§-^-=1- °l-§-'o"rCEl — ̂  3 ^ ^ 3 - S 210 nm ^f-^lSl 

YBCO ^>13l"-i: H^^f. 3 ^ I20II74 iL^=-o| ^ ^ | e | -§-3j-§- ^*V YBCO ^l-^]-

-£- 34 SjS^oil 3j^l C _ A ^^Kg- 14-Ef-Lll <%XJL a - ^ ^A^oliO- BaCe03Sl ^ H l " 

xr ^7fl-5rl-3l S>$J-rl-. o p ^ - ^ 3|3i|.^ S|^le | -SrSSi ^7^S^ 5.S} -£rS TJSJ 

^ J 4 Ce02 w l ^ ^ S l 7fS]^<5l *° j ; t%^ ^ H " ^ ^ 1 ^ - 34 Sjs^oil 3j7] oj^j 

3 i ^ - ^ S T^^r T K £ ^ § JC mapping ^ 3 - S ^ ^ " S I - A I — ^ ^^fl 3.4 MA/cm2 

SJ7? 2.6 M A / c m 2 f H^^Hx' 1 ^- i11^ 13 %^:') # ^ 3 | S l 85%7} ^iii^k^) 

±20%~L1H1 ^r^S^A- °/& 2 3 4 S SJTll^^-TgSSl ^ -SJ^^ ] °16\X\ =L $\?\ 

5l-3 X^T^Qty: ^:W7) -§-§-°ll 9X6]*) 71-3J- -fr _&-§!; 3 j ^ Sj 741 34 ^f L̂l S %};$} 

^rS . 7?s]S9ji4l # 7 j 5 } SJTll^^-TgS $;£) fluctuation-cr Ce02 tf|3S|^Sl J£ 

^ 7 4 ^ 7 ^ inhomogeneity°ll 7l <£]-f^jl ^y$$,ft. ^r iL374 3-17} Sl ^Ijzjil 

S ^ ° 1 ^ 2 3 4 s Bi-ojl ^-7il7r A ! 1 ^ ^ - ^ - S ^-r-c- ^ (^"s THEVA)oll74 ;*f] 

3V-SI- tf| 35^.04 ^ - A 4 1 ^ 347r"6"r^- -x"?!: — ^ - e ^ ^ i ^ - . 

7 ^ 3 ^ ^ 3 - S wl^- ^JS_ Tg^Sl ^v ĵ-jz)- ^p MA/cm2Sl ^ ^ j c ^ - ^ 

^lAl'o"rAi3l1=4- JcSl T^SJA^OI * 7 l ^ ^ 3 J ~ T 4 S Mj-iTf-ô  ^ ^ l l S 0.3 /mS. ^ 

-T- E J A W - 71 -̂011 ojoJT^c c]-3|3jol o}\^ ^-4p7l^-^r 5134-frOll ^ J ^ * ] 7] 

$\$\ 7^¥± 3 ^ - i : l!" ^r TU^" T ^ O I J J . ^ t\\^z3 ^T^^-ay^- ^>-§-§l|^t^r^" & 

^ 1 ^ - s 5 ^ 3 $ i r f . tc]-5l-74 ol Wj-T^oll o -̂Sl- 3.74 S - S H f 7 l S S l -§-§--#- $]?§X) 

^ §1|^§110>§ ^ ^ I l 7 r ^ ^ 1 - 3 ^7 |£ l o l 74 r l - . ti>i?4 -g-el-Zi-pl- S\-^7)^^^-%-

° l -§ -§ ^-T", 7 1 ^ - ^ ^ -o l l ^J-Tll ̂ ° 1 Wl33l ^ ^ ^TT-^-C^JAl tfj-TTt-o] ^-OJ 

SS} ^74-^: ^ ^ f ^ l ^ - l : ^ ^ ^ ^r A I ^ - ^]"n" ^^ " -s °1# n^ A I — ^ ^ °fl 
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-

3 ^ 11. 30x10 cm2 371S1 YBCO ^ ^ ^>3] 

g 

1, 

- g 

§ 

1 
1. LI 

-
3 

*--

8 

3- g 51 

15 25 35 4fi SS 66 Z5 JU 35 
2<l (dag) 

3 ^ 12. ■^Sj-Jf^-01174 ^3j54 YBCO ^ ^ S l XRD 4| ^ 
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30cm 

3 ^ 13. 30x10 cm2 YBCOSl inductive-Jc mapping ; (a) 1 cm x lCm 

7>34o^ j c map, (b) A-B ^■9ld\) ^ ^ ifrTjs} Jc %k T I £ 
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*fl 3 ^K #B}^T3l-0 l l J ^ } ^ 

7\) 1 3 | . ^-^1-7^-p-l-^l ojti>7qo] S_A^ 

Sr^^ri}^ ^-&^&_S. ol^-Jl-5^ 7)^\)$} ^-Bfl§ l4-Bl--Lll^ T^O_g_ 3431-51-

o)-^- 715} 3 -fr^j S_j 31-71- 34 Tfl 3} _o_^. 7Hr^j (quasi-neutral state) ^ 4 1 # -fr 

31-&1-TJ1 T ^ i g ^ o ] 7 4 ^ - i - i L ° l ^ ^-Bfl4| Tg-^Vtl-. 3431- s S 10 8 ~10 1 2 cm"3, 

34 3I-0II14 7l 1 — 30 eV T j s ^-rlSl -g-el-Zi-pl-STl 74l4p3lo] 74^fSl SL^-&_S-

^ - i : 7414=- 1M!!A1^1^- 3 ^ 4 1 glow discharge5|-3 *Vî -.[7] 

s j t i>3 l i lS #51-^:^1-^ electro-magnetic field (DC, RF, microwave^) "&1-

°HAi 34 71 lE^E: 7}7)o))l^\7\d)) $]^}<^ %^§S\-^ 7)^\) ^:7}<^) $]^}<^ ^^5) 

^ 71741 ^-31-Sl w l E l - ^ ^ s . s , excitation^!- relaxation, ionization^}-

recombination ^ T j 3 . S SJ3J-5]- Sj-^z^v} ^T-BflU -^-xl̂ rVrtl 34 7} S} oHi^S}-

T g S S -g-el-Zi-pl-Sl ^A3°) ^Tjslr t l 3431-Sl ^ S S } oimxloil nj-s. t\\S_z3&] 

^ttyZiv} | E f l f j | 140II lO-Ef-Lll^rf.[8] 

M.^-^XI\^ ^^^)f)7) -?!*!: electro-magnetic field "6"H1*| ^"sHt «4 S_j 

3l-l-0l ^ ^ ^1^31 W ^ 0>Hll 3 ] ^ . ^ J£^^i^-.[7] 

I I ; r v z- 1 Ee ,2 (Eet)2 
W= EeX = EeT, r = 0 

^7174 w : Energy of particle ■ 

E : Electric field 

e : Electron charge 

m : Particle mass 

t : Collision free time 

a e - J E S electric field "6"H1*| ^"sHt 04 SJ3I-0H 34 ^ - £ l ^ oil 14 7 ^ 0JJ7I-

Sl ^ ^ o l l ti>Wl 311-§1-711 ^tf 343 r7r 0]^rJ^-T7r li\ -g- 2§^- o H i ^ H 7^7\) Q 

A- ^ ^ ^ e " 1 ? ! - ! : 3 B l § Txf| 3431-011 3 4 ^ - 5 1 ^ oHi^ l^} - 7)A -£[3l-i4- ^7} 

°4l 3ji!-£l^ olmxio] T ^ l ^ ^p l̂ eV 3JS71- ^ ^ ^ l s ^ l S ^ 3431-Sl oim 

2 m u 2m (1) 
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7)7} 10 eV 0)A^9s. ^ ^ w l ^ ^ ^ e - ° l w°l s ^ ^ ^ l l 5)o) 3431-Sl ^ ^ oil 

^ 3 l § S§LA§°)^\- °l^r°ll 34^-grl-7ll 5} <H wc!~3i (glow discharge)^ low 

pressure arc ^^IHI*! Sj-^oH nj-s. 3431-51- gasSl o H i ^ H ^ - ^ 3 ^ 15Sf 

^ ° 1 ^ S ^ 1 ^ . ^ ] 3^01174 Q^o) 10 Torr ^ ^ s j v§?=- mean free path7l-

ff7fl Sl̂ H 3431-Sl ^ - £ $ f 7l74lo] ^-S7l- 7s) $} 7^7)) 5)v^ °)^)^: ^Efl o] |§-

el-Zi^l-^ equilibrium plasma IE^ 3-°- St^Z^v} (high temperature 

plasma)5|-3 *Vî -. til^ ^ ^ °1 ^Mi^Ml ^ ^ S_J3l-|j-Sl mean free path7l-

^7l--5rl-7ll Sl̂ H ^ ^ ° 1 3}-^ 3431-71- SJ7J 343}OH74 V±S>- <^\)l^\7\^ T#7|1 5} &] 

3J31-S1 ^ S 7 l - 7l74lo] - ^ - S i L ^ ^fi^ ^741 S l ^ ^ l °1 &| fb ^^fl S} -g-51-Zi-pl-

l r nonequilibrium plasma !EE^ 3-1 £• #51-^:^1- (low temperature plasma)5} 

3 -̂ Vrf. 

-S-̂ f" 1 r 5 r Z i ' p H l °1 "§-"?!: ^ - ^ H r ^ x r Ts-l^ollVr) «<§-5Tl-CEl7lTJS 7I74I.04 -3-S 

^ 800K°1-&1-S1 Tl^-o^l i?!- ^4.31-Sl ^ £ ^ 10 4 ~10 5 KS- fe^r -^^-^^Tl^ 

7>7il ^l13! w l f3:^ I r fMl sl-s-fo} 343r7r 5 ^ 3 $ i ^ 0111471^ -f-^j Sj31-14-

5|-cl7j;oil 34^-8-f^ ° l i i - | r excitation IE^ ionization 3]z] ^7} SX-^-tf °)S-

X] S|-«l-^3l-ti]:-Orol °Jc>ll4-7ll S4T71-. 
- T T , , y ; \ , 

■^t^Ziv} 3j-Blloi]74 Sj3l-1-^- excitation^}- relaxation, ionization^}-

recombination ^h?§ °] S i ^ ^ i l S ojoj ^^ ^ o j o j ^ ^ j . o l^ j} - 3 j c | | _o_xl 

^ -^ElHl*! tfl^^-Sl 71741^ - ^ ^ - i : TT^l'S'r—^ 343rSl p S S l - ootol^-o^ 

^ S ^ ^741 5 l 3 S random motionofl SlfV 7\z\$] charge f lux^ ^ H r ^ ^ 
°1 5^1^4. 

_L
 — 

_L
 — 

^7174 j e : Electron flux 

ji : Ion flux 

ne : Electron density 

n : Ion density 
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ce : Mean velocity of electron 

ct : Mean velocity of ion 

H-51-ZI-PI- ^BflollTl 3431-^ ol̂ S-oll yl̂ rj-cc! -3-S71- ^ 3 ^.^°) ^°\ *%!£ 

^ S ce^E: ct^X\ %y] 3.E-3. )e7\ )i^X\ 3741 $) ̂  subatrateSl- 7>^- ^tf) 

74 jg-74-§1-71- #^741 s! 04, H-51-ZI-PI- ^BfloU w] -5r)-ĉ  -§-343} (negative 

potential)-!: ^ ^ ^ r ^ l l ^^ 3431-Sl fluxlr ^T\)^}T\) $)ES- ]e$}- ]i7} ^6}T\ 

^ steady state°H S-^k^}?)) s l ^ ^ l °1BH ^ ^ d 5 ! ^ potential-!: floting 

potential (Vf)°l5l-3 ^}^ o | ^ poisson's equat ion^ Bohm sheath criterion 

oil si-a-f^,^] 

kT^ 
V,,— Vf = «-, log X~n n ) IA\ 

p f 2e e 2.3me (4) 

^7174 v p ^ plasma potentials74 glow discharges! glowing -TMT^I 

potential°13 systemSl o ^ Jf^r-iLi^- ^ o ] p o t e n t i a l 0 ^ . Plasma potential 

(Vp)oll74 floating potential ( V ) S ^ S | - £ l ^ - r -^- i : sheath regional 5} ^-^ 

x4l ^ 7 1 7 4 ^ 7431- s S 7 l - 73<y\ s£t\) 34*5^. o ^ f e ; J f ^ - H S . s l ^ $irf. o ^ 

° l l 74^ ol^r i j -^ r -g-el-ZiPHl
 A

i S ^ - ^ - S . 7l-4p£lc>l3l31 3 4 ^ ^ S L ^ o ^ ■§-

e ^ - p } b u l k S 7l-4p5^rl-. Sheath ^f-rf)^ 3 4 3 ^ mean free path0!! $}^^}3_ 

71741 %t^°) ^Mi^Ml nj-el- ^7l--sl:rl-. 
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J 

til 

I 

10* 
[ L£CreOHKHSHVi i :m" 3 h 

I P * JO1 ' I E 1 ' 
1 1—- i 1 r -

SOLAS CCWONA 

I " 

10 

GLOW 

ICNDSPHfftf 

J I I L 

l*€RWOS UOIA f i 
fUJPCM 

PMSSLflE 
4RCS 

SP-Ln-TEnjHC 
^ounces 

f r —i 

THfBr^.CrutLfAR 

5HOEK 

HIGH 
PHE55LRE 

AHEJ 

I0U i,12 
J l_ J I I L 

LD icLft LV3 1 0 S 

EUCTEtH DEN5ITT(fti"Jt 

I COWER 5 1 * 

_i i L 

W 11 LD* tf» 

3 ^ 14. t f l i t ^ o ] -^-51-ZI-PI-S! ^J7?"343l-ollL47l5!- ^ T J - ^ S . 

to 

-

1 
0.01 

i i i 
ARC DISCHARGE 
AIR 
CURRENT =. CONSTANT 

10 J 1fln* 10 1 10 

PRESSURE (Tar*! 

1CJ t f lJ 

3 ^ 15 . 34 7l3}-grl-oll o_|-53 ^ tfl-g]- ^ r ^ S S } - 71*41 £-S.S} S l ^ ^ j 
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^1 2 l ! . "IttyZiV} ^ s . I,} ^ 3 1 - i jQ-g-7^ 

1. -i-el-Zi-pl-s! ^^f- ^ 3}^ l -^Bfl 

#51-^1^1-^ 3 ^ ^ j ^ ^ ^ l ^ S } ECR (electron cyclotron resonance), RF, 

DC, microwave -g-el-ZiPHf-ol $irf. y£-s-j. H - e ^ p l - ^ I ) ^) tf| £|- ^ ^ } - ^ w4 7> 

°j74l-^o]3l ^r-e|^o]3loil TXJ-̂ L. parallel ̂  jzj- remote^ 3 . S T-^-^T^T. RF 

remoteS} parallel PECVD ^^flo} ^- t f l^o] T ^ I - H i t 5°ll ^^ri-fl SXA- ^ ^ 

iLi^-S remote ^ ^ f l ^ ijQ-§- T ^ l r T-PP^H ^tf^r&S-^ Mj-^Sl 2 : ^ 2 : ^ 

°1 -i-0!^!-1^^ ^"^°1 î̂ K 

i t 5. RF remote ^ § J 4 parallel ^S} wl3£. 

Plasma density 

Plasma control 

Composition control 

Impurity content 

Deposition rate 

Surface damage 

Hydrogen content 

Deposition temperature 

Remote type 

High (�1012cm-3) 

Easy 

Easy 

Low 

Low 

Little 

Low 

Low 

Parallel type 

Low (1010�1011cm-3) 

Difficult 

Difficult 

High 

HIgh 

Much 

High 

Low 
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2. i s 1 ^ ^l-§- ^ S ^ 7)^ 

S\-^ i s 1 ^ ^!:-§-Sl 3 j ^ ^ homogeneous reaction^ heterogeneous 

reaction3.S i-f^ ^r Sl^-^1 343rSl 3j-S-^ 714M174 s\-^ vY-%-o] ojc^-uj-

-r1 7l^-oll ^ 7 } - £ ] ^ T^OIJO. - ^ 3 r ^ «>-§-7l^Jl7r 7l-?Hl -|13}-*)- ;& 5}-«}- ljQ-g-

°1 s ^ 1 ^ i s 1 ^ 5 ! ^ ^ l 1 ^ . s j t i>3l^ .^ homogeneous reactions! %^§S} tf) 

^ 3 l 7 p heterogeneous reactions! %^§S} o))i^\7)£.v}- 3.E.S. ^ S ^ - ^£-3. 

heterogeneous reaction°l - T - ^ ^ J I ^ . sjol-uj-rf. 3]-3j3^ ijQ-g- 7l*4lSl s j - ^ «. 

Sj-oll wl§!|74 <y^ ^-Sj-ol -ff ixf| °Jc>li4-7l 4=)^- homogeneous reaction3-S 

i r ^ ^ 2i^)^r Pfl-T" porous "ST-ITLS S j o l i ^ l S>^ 34ol yl-eJ-Tl-grl-rl-. 

Sj-^Z^v} S|-«Hr3}- ti>-g- J 4 ^ # T-fSj-grl-tsI t}-g-jZ)- z^rf. 

© Free convection°l ^-\ forced convectionoll S^f^ S7fl i t 1 ^ ^p-rHl 

mass transfer boundary layer 5.^1 ^Hr7l*4l £| 34^ - / 

© fexr ^ m ^ l - l - 71-3] 7431-S}Sl W]^-^ I r f M l S l ^ #^S|-Si ^ I T ^ I 

\\ e l -^ l^s l %*$ 

© S7fl i t 1 ^ -r l^Sl ljQ-g- 71*41 Sj-7l 

© ^ - ^ S r ^ °otol^-oli4- e j - t l ^ -^7>ti>-§- - ^ i ^ - i - , -^3} ^ ^-31-S! S7fl 

i t ^ U S S ! -^31-

© - S 1 ^ ^ ^}-§-i-sl i t 1 ^ ^ ^ 1 - ^ S r ^ ^ - l r ' 

© S7fl i t1^3-S J fB4 ijQ-g- -^^- i -Sl #3> 

© Bulk 7l*4lSSl ijQ-g- -^^- i -Sl o l ^ . 

° l - s ^]:-§--cr ^ A H 1 s ^ 1 ^ 1 3 ! J^Tj-l- -^01174 4pS7l- 71-3J- S S j <>|i=L -sl-

3}-3j a ^ l r ^ l ^ S l JZJ-^SI S^-oll $]^}c^ § ^ £ 7 ! ^Ufl^t}-. -3- ^ 1̂  ̂ ] 

l r 71-3] 3431-51- i ^ fHl S!§11 y>-§-7l*4l7l- excitation, ionization, dissociation 

J ^ - s ^ 1 1 ^ M ^ i ^ r ° l ^ r 3 . S -̂§11 £1^x41 °1 ê  ^ ^-Tj-i: primary reaction 

( i t 6) ° l5l -3 -̂ Vrf. r£ o]g\-5\- primary reactionoll Sl^fl # ^ S | - s i 5l-cl^:0l 

i4- 0)^0) cj-3] ti>-§--5rrCE! ti>-§- 7l*4l# S\-^73 o_g_ %A^S\-Q A^S. ^ S M 

?)?=; jZf^-§- secondary reaction ( i t 7) ° l5l -3 -s-f̂ -î l 3]*4lS °) z]-^0) 1=r 
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^ H P S T - I - Mj-iTf-ô  -g-^oil -f-iLfV S^^ - i : *Vi^-3 SJ-^T^ $ j r f . o}£$\ J t 6^1-

i t 70II ^&_ ^> -§ - l - i : T-I-B1--L11 ^ r f . [ 7 ] 

S7fl 7)^^.S. - l - ^ T i ^ f l u x ^ ° l ^ r ^ - i ^ - ^ ^ l - 1 1 ! ^ : 0 ! ^ ° h ^>13!xr -fr^! 

e|-rlz]-ol i t ^ o i l 3|-||-*l-i2.S^l " ^ ^ S I T J I ^ 1 ^ - ^ - ^ ^ - 3 ^ 3 3 ° l l ^ 74S! 7 l ^ | r 

-5rr3l S>31 ion bombardmen t 3L3]-6)) Sl^fl ^^$] - S T S ^ *§3!oil o j - ^ ^ . ^ 

^ ^ 3 - S SJ-BIT! $ j r f . 7-1^- -g-el-Zi-pl- ^-^01174 ojo^ c^e-l 347J-|j--§- ^-^}<^ 

^l"-§- 3l 341 -5-°1 i s 1 ^ ^-ly6]) ^ A f ! : %A^S} tf) i ^ 3 l 4 | ° i4§- i i .S^l sjtJj-Tlo] 

S r ^ H r ^ ^ l wl^r0^ 7 ^ -$rSoll>| S r ^ H r ^ ^ H r 0 ! s j o l ^ ^ o|c)-. 
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� 6. Typical primary reaction and rate constants in plasma. 

Process 

Impact ionization 

Excitation 

Dissociation 

Dissociative attachment 

Dissociative recombination 

Dissociative ionization 

A+e~ —► A++2e~ 

A+e~ —► A* 

AB+e~ —► A+B+e~ 

AB+e~ —► A~+B 

AB++e~ -^ A+B 

AB+e~ —► A++B+2e~ 

Rate const. 

(cm3/molecule • s) 

10 10 — 10 11 

10 6 — 10 10 

10 8 — 10 11 

10 11 — 10 12 

1CT7 

i t 7. Typical secondary reactions in plasma. 

Associative detachment 

Abstraction 

Atom-atom collision 

Ion-neutral collision 

Radical-neutral collision 

Penning effect 

Electron transfer 

Charge transfer 

A~+B —► AB+e~ 

A+BC —► AB+C 

A+B —► A++B+e~ 

A++BC —► AB++C 

A'+BC —► AB'+C 

A*+B —► A+B++e~ 

A+B —► A++B~ 

A+B+ —► A++B 
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