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IUE f A% ZepEel G219 SiH/O/Ar el dist 33 et AlEdeld AL
r - A7V my, m, k= 1, E, kS YA Bl n,
n! . .
¢, =——In Z TIM = ZApe] dreojrh k,,f AR} & dAket S=3) 5 S
e n,
v W e gase weel AR s A W iE
Yo} vkl & JARE APAIA W] jEeAlgro T
foss :e¢/, (5) 2. <0, Chemical Data> rate coefficient :
k=ATPexp(C/T) ecm® st Te:ev Tg: kelvin
A, =27R(Rh, + Lh,), ) Reaction A Bl C |Ref
ki e+ 0,0, +2¢ 9.00e-10 2.0 |-12.6] [6]
ko | e+0Of—0BP+0RP) 2.20e-7 0.0 [ 00 |[6]
1. i i iH4/02 -
Table . Considered species for SiH4/02/Ar ks e+ 0,—00P+ 0 $80e-11 00 | 24|61
discharges
ka e+ O P)>0"+2¢ 9.00e-9 0.7 |-13.6| [6]
Input gas SiH,/Oo/Ar ks | O +0,—0BP+0, |150e-7(300/T)" | 0.0 | 00 |[6]
Neutral, radicals | Ar, H, H, Sitly, SiHls, Sitls, SiHl, O, Oz ks | O+ 0 —0CP+0(P) | 270e-7300T)" | 0.0 | 0.0 | [6]
Charged species | Ar', SiHH, Siti3™, Sil,*, sin”, 1*, 0, k. e+ O —003DP)+2 1.10e-7 0.0 |-358|[6]
ks | e+ O0,~0CP)+ O*P)+e 4.2e-9 0.0 | -5.6 {[10]
Table 2. Surface recombination probability for radical ks 0P+ 0 —0,+e 3.0e-100300/T)" | 0.0 | 0.0 |[6]
species R
k| e+ 0,0 +0"+e T10e-11 | 05| -17 |[6]
Species Recombination probability | Reference ki | e+0,-0CP)+0"+2¢ 5.30e-10 0.9 | =20 |[6]
0 0.17 (6] k| O+ 0,~0CP+0F |200e-11(300/T)"| 0.0 | 0.0 | 6]
0 0.17 (6] ki | e+ 0,—>0PP)+0('D)+e 5e-8 0.0 | -84 |[10]
0y 0.007 (6] ku| e+ OBP—O('D)+e 4.50e-9 0.0 {-2.29[6]
Ar 0.1 (9] kis| oD+ 0,~0P+ 0, 3.00e-11 0.0 00 [[6]
kis| O('D)+ 0P ->20(P) 8.10e-12 0.0 00 [[6]
[. <Ar chemical Data> rate coefficient : k17 e+ O('D)—>0" +2 9.00e=9 0.7 |-11.6][6]
k= A(116007,)"exp(— C/(11600T})) em® s ' Te : ev kis| e+ 0—0(d'A e 1.70e=9 0.0 | -3.1116]
<Ionization> ki | e+t O,(d'A )0 +2¢ 9.00e-10 2.0 |-11.6[6]
Reaction A B C | Ref kx| e+0y(dA,)>0 +0" 228-10 | 0.0 |-2.29| [6]
Kot | e+Ar—Art+2¢ |7.07e-11| 06 |187120.0| [5] ka| et0)aa)-0,+e 560e-9 00| -22][6]
Kpz | e+Ar—dArt+2e  [1.25e-07| 0.1 |60524.0 | [5] k| et 0)aA)20+e 42e-9 | 00| -46|[6]
Kio | A"+ Ar'—Ar+ Art +¢]6.20e-10] 00 | 00 | [9] ks |07+ 0ya' A )05 + OP )| 110e-1100T)"*| 0.0 | 00 | [6]
k24 0y + 0 20, 2.00e=7(300/T)™ | 0.0 0.0 {[6]
<Excitation> R 3 I
kes| Oy +0T—0,+0CP) | 200e-7(300/T)" | 0.0 | 00 |[6]
Reaction A B C | Ret k| e+ O+ 00, +0, |226-30300T)"| 0.0 | 0.0 |[6]
ket | e+ Ar'—Ar+e |1L17e=08| 0.0 |138560.0| [5] k| 0+ 0 0P+ 0('D) |490e-10300/Ty)"| 0.0 | 0.0 |[6]
_ 1 R _ 12
“De—excitation> kos | Oy +0y(d' )20, +¢ |270e ll(BOO/T)/ 00| 0.0 |[6]
k| O +0(P—0"+0, |331e-10300/T)"| 0.0 | 0.0 | (6]
Reaction A B c Ref -
- - o Too T o0 T k.30 e+ 00+ 0, 9.30e-10/1.062 | 0.0 | 0.0 |[6]
ex, + A Ar+ e. . .
L erAroarTe ki e+ 0,0+ 0, Le-9 0.0 | 0.0 |[6]
<Neutral wall reaction> K,32 0 +0,—0;+e 5.006_15(3OO/T)W 0.0 0.0 |[6]
, 1 _ 12
R@ZC[IbH Rate Coefﬁbléﬂf (S*]) k,33 O + 02((1 Aﬂ)—>03 +e 2.20e 11(300/T) 00 00 [6]
- 1 5 ka1 0"+ 0,~0 + 0, 1.00e-11(300/T)™| 0.0 | 0.0 |[6]
Ko 1 Ar'—Ar 10 a4 ks O+ 0,20, 2.00e-11(300/T)"* | 0.0 | 0.0 |[6]
ek 21883 %] 17(5), 2008 427



g L
2. <02 Chemical Data> rate coefficient : <Dissociation>
— B 3 -1 . . .
k=AT%exp(C/T) em?® s Te : ev Tg: kelvin Peaction y 3 C el
Reaction A B C |Ret kisi | e+ SiH—SiH, +H+e |896e—03|-1.0] 123500.0
kis| O +0—0,+0  BNe-10300To"3 00 | 00 |[6] Kass | €+ SiH—SiH,+2H+e |183~03 [~1.0| 123500.0 | [5]
_ - _ 1/2
ks7| Oy +O*P)-0; + 0, B20e-10(300T;) " 00 | 00 | (6] Kis et Hy2H+e 17e=8 | 00 | 119940
kas| Oy +O0CP-20,+e (30010300 "] 0.0 | 00 |[6]
k.39 Oy +0,—0,+ 0, 2.00e-7(300/T) "] 0.0 | 0.0 |[6] <lon—Neutral reactions>
Epp— - 172
k.40 05 + 0, —20+ O, 1.01e=7(300/Tg) - 0.0 1 00 |[6] Reaction 4 Bl clrer
0, +0,—0,+0,  I00e- 2001 0. -
k41 . 100,10, 1.00e IO(SOO/Tg)l/Z 0.0 1 00 |[6] kot H*+ SiH —SiH; + H, 5.00e=09 | 0.0 1 0.0
kiz| O +OFP >0 +¢  B0le-10(300T) " 0.0 | 00 | [6] ——
g o kuo | A+ SiHSUH + Hy+H | 3.60e=09 | 0.0 | 0.0
kaz| e+ O—>0CP+0,+e  |1.00e-8(300/Tg) | 0.0 [ 00 |[6] — —
ko 202+0(3P)~>03+02 646-29(663/T,) | 00 | 00 | [6] Kin3 SiH, + SiH,—SiH, + SiH, 1.10e=09 | 0.0 | 0.0
kis| 0, +200P—0,+0CH) | a2 | 00 3600 [6] koo | O+ Sl Sl + O+ H | 320e-11) 00 0.0
Kag| e+ OGP+ 0,0+ 0P| 100e-31 |00 00 |[6] kns | Oy + SUHSH+ H+ 0, | 2.00e-10) 0.0 0.0
kir| et 0P+ 0—~0+0, 100e-31 |00 00 |16] Kns | Of+ Sift,>Sitiy+ Hy+ 0, | 100e=10]0.0| 0.0 | [5]
kas| e+ O —>O(D)+0CP) 211670300 ™" | 0.0 | 0.0 |[6] K7 Hy + Ar—Ar* + H, 3.00¢10 | 0.0 | 0.0
kag |0, + O D)= 0yfa’A )+ 0CP)  100e-12 | 0.0 | 0.0 |[6] ks Art + Hy—H, + Ar 1.30e-10 | 0.0 | 0.0
kso| et OlDoet0 800e-9 | 0.0 | 00 |[6] Kno | Ar' -+ SiH—Ar+ SiHy +H | 170e-11 0.0 | 00
1 o+xolp-> e
ksi| O,+0('D)—0,+0+0 1.20e-10 0.0 | 0.0 |[8] Kowo | Ar® + SiH—Ar + SiH; + H, | 3.90e-11] 0.0 | 0.0
ks2| O+ O('D)-0,+0, 120e-10 [ 0.0| 0.0 |[8]
ki1 | Ar* + SiH,—Ar + SiH "+ H+ H, | 8.00e-11| 0.0 | 0.0
<Neutral radical reactions>
Reaction A B C Ref
3. <SiH; chemical Data> rate coefficient : Koewr | A+ SiH—H, + Sifty | 2.44e-16 | 19 | 1102.0
k=ATPexp(—C/T) em?® s™ ', Te : ev kw2 | O+ SiH,—~OH+ SiH, |1.23e-10| 0.0 | 1756.0
<Tonization> ks | Sy + MoSi+Si+M | 1.66e=9 | 0.0 | 37460.0
F y 7 R Keews | SiH, + SiH,—Si,H,+ H, | 1.08¢=9 | 0.0 | 0.0
Koi | et SIS+ H+2e |3.06e—02]-13 1848200 ks |  SHGSOTO  270e710) 00 00
Kps | et SUH >SIH+H,+2 |2.69—02|-1.2| 179670.0 kiews | H+ Sip Ho—>SiH, + 5, | L1le-12| 00 | 00
Ky |e+ Sif>SiH" + Hy+ B+ 2¢ | 107e=03| ~1.2| 189440.0 hiewr | H+ Sy H—Hy + S Hy | 216712 | 00 | 00
Ky | et SiH ST +2H,+2¢ | 158-03]-1.3] 188260.0 Kueus | Sifty + SiH—SiH, + Sif, | 2.9%-11| 00 | 00
Ky | e Sitt > mi+ SiEr+ 7+ 20 |1.89%e=22| 0.4 | 226100 Kuewg | S0, + M-S+ Hy + M| 4989 | 0.0 | 192440
Kus |+ Sitl,»H*+ Sifl, + H+2¢ | 949%e~23 |04 | 20793.0 kwto| OH+ SiHl—Sif; + H,0 | 14de-11] 00 | 480 | [5]
ki1 e+ SiHSiH; +2¢  |2.25e=12| 0.9 | 94804.0 - Keew11| SiH, + SiH—Si, Hy + Hy | 2.94e=12 | 0.0 | 22140
Kus | et SIS + H+2e |170e-11] 06 |133220.0 Kiewi2| Sifl, + S-S, Hy+Hy | 241e-12) 00 | 10060
Kuo | e+ SUH,SH+2¢  |9.16e-12] 0.8 | 987010 kiwis) S, + HoSIHH, | 231e-11] 00 | 00
Kow | et S ST+ H+ 2 |43%-11] 06 | 1465100 biewis)| My + S, >SHY S| 2.56e711 | 00 | 201280
K| et SiHSSIH t2  |5.25e-11| 0.6 | 92419.0 kiewtis| ~ HtSp>SH+ S| 850511 0.0 | 2667.0
Ko | et SiHoST+HE2e | 133%-12] 08 | 125080.0 kewis| H+ O, OH+ OH | 2.82¢711 | 0.0 | 240430
koo ot HyHy +2 1.33e-13| 1.1 |197550.0 kewrr) OH+H-H,O0+H | 194e-15| 13| 18250
i1 e+ H>H"+2e 7.33e-12| 0.7 | 169360.0 kews| O+ OH-O,+H | 6.64e-101-05) 00
Kewts| O+ H—>OH+H | 840e=20| 27 | 3165.0
428 Journal of the Korean Vacuum Society 17(5), 2008



e fE A% Sehnt g9 SiH/Oy/Ar el ek I3t Bt AlEeld s
Reaction A B C | Ref Reaction A B C |Ref
kwzo| OH+ HO,—H,0+ 0, |1.24e-11| 0.0 0.0 kewss|  HGO+ 0,—Si0+HO,  |1.99e-10| 0.0 |2000.0
Koeu21 H+ HO,—~OH+ OH 2.32e-10| 0.0 | 540.0 Keeu 50 Si0+ OH—Si0, + H 6.64e—12| 0.0 |2868.0
Kuen 22 O+ HO,—~O0, + OH 2.33e=11] 0.0 | 540.0 Kaeu 60 Si0+ O+ M—=SiO, + M 16.89%-33| 0.0 |2199.0
Kocu23 OH+ OH—0+ H,0 9.96e-16| 1.3 0.0 Koeu61 SiO+ 0,—~Si0,+ O 1.66e—11] 0.0 |3271.0
Koeu2s H+ HO,—H,+ 0, 2.08e-111 0.0 0.0 kwto|  SiHy+ O,>SiH,0+OH  [6.02-12] 0.0 | 0.0
Kwss| HO, + HO,—~H,0,+ 0, [3.32¢-12| 0.0 | 0.0 Kwis|  SiH, + O,>SiH,0+ 0 [2.02e-12| 0.0 | 0.0
Keewss| H,O, + M—>OH+ OH+ M | 2.16e=7 | 0.0 | 22896.0 kewst|  SiH, + O,—~HSiOOH+H |356e-12| 0.0 | 0.0
k27|  Hy Oy + H->HO, +H, |2.66e=12| 0.0 | 1912.0 koewss|  HOy +M—>O+ OH+M  |1.36e—2|-1.0|331610
keewos| H, Oy + OH—H,0+ HO, |1.66e—11] 0.0 | 906.0 Knews6 | SiH,+ SiH,O— SiH,+ SiH,OH |3.32e=13| 0.0 |2667.0
keewso| H+ Oy +M->HO,+M |9.95-31{-0.7| 0.0 Knew7 | SiH, + SiH, 04— SiH, + SiH,0,H |1.83e—11| 0.0 [9309.0
Koeu30 H+ H+ M—H, + M 2.76e-30|-1.0| 0.0 Knewss | SiH,0,+SH,0-siH,0,H+HS0 |2.16e=13| 0.0 |3422.0
Koeust H+ H+ Hy—H, + H, 2.54e-311-0.61 0.0 Knewso | SiH,0,+ HOy—>SiH,0,H+ O, |6.64e=14] 0.0 | 0.0
Kewsz| H+H+H,O—H,+H,0 |1.65¢-28/-12| 0.0 Kewto| SiHy O,H+ H—-SiH,0, + H, |7.97e-11| 0.0 |4000.0
Keewss| H+ OH+M-H,0+M |441e-26|-2.0] 0.0 Kewr1 | SiH,0+SH,0-58,08+HS50 |1.99e-13| 0.0 | 489.0
Kneu,34 H+ O+ M—OH+ M 1.71e-31|-0.6| 0.0 Keewr2 | SiH,0+ SiH, 05 H,0H+ SiH,0H |2.49%—12| 0.0 |2667.0
Kneu,35 Si+ SiH,—Si, + H, 2.49-10] 0.0 0.0 Knewr3|  SiHy; O+ Oy—SiH, 0+ HO, |1.66e—12| 0.0 |2264.0
kewss|  Si+SiH—SLH,+H, |249%-10| 0.0 | 3669.0 koewrs | SiHy,OH+ H-SiH,OH+ H, |498e~11| 0.0 |2667.0[5]
kews?| SIHA SiH—>H,SiSiH+ H [4.98¢-10| 0.0 | 4535.0 kewss| SiH, OH+ O—SiH,OH+ OH |2.82¢-12| 0.0 | 871.0
kewss| Hy SiSiH+ H,—SiH, + SiH, [1.56e=10| 0.0 | 2059.0 ko6 | SiH, OH+ OH—SiH, OH+ H,0|6.64e—12| 0.0 | 755.0
Koo Reverse Arglge}rﬁlji§%%coefficients 157e=13] 1.1 | 29140 | 15! Koew77 | SiH,OH + SiH— SiH,0H+ SiH,|2.99e~13| 0.0 |3724.0
Keewrs | S, 0H+ 5 H,0,~S H,0H+ S H,0,i |1.05e—11| 0.0 |7296.0
Kuew o | HySiSiH + SiH — SiyHy + Sitly| 2.87e=10| 0.4 | 4478.0
. - Knew79 | SiH,OH+ Oy SiH,OH+ HO, |6.64e=11] 0.0 |22644.0
ko Reverse Arrhen;us4 0coeff1c1ents 140e=9 | 0.1 | 42640 : : -
of K Knews0 | SiH; OH+ HOy— SiH,OH+ H,0,/1.05e=11| 0.0 |7045.0
Keewsz | Si+ Siy Hy—SiH, + HySiSiH | 2.16e=9 | 0.0 | 6340.0 kst |  SiH,0+ Oy,—>HSiO+ HO,  |6.64e=10| 0.0 |14845.0
keewss|  SiH, + O,—SiH, + HO, [3.32e=13| 0.0 | 22141.0 Koews2 | SiH,OH+ O,~HSiOOH+ OH |1.66e=11| 0.0 |3522.0
Keewss | SiH, + HO,—SiH, + H,0, |4.98¢-12| 0.0 | 2818.0 Kneuss | HSiO+ SiH;0—8i0+ SiH,0H |1.66e=12| 0.0 | 0.0
Kewss|  SiHy+ H-SiH,+H, |249%-11| 0.0 | 1258.0 Keewss | Sit, O+ H,O—~HSOOH+ H, |1.66e-11 0.0 | 0.0
Keewss|  Sify + O—=SiH,O+H | 1.08¢=9 | 0.0 | 1006.0 kewss| SiH,O+ OH—HSiOOH+ H |1.66e-11] 0.0 | 0.0
Keewsr|  SiHy + OH—SiH,0+ H, |8.30e—12| 0.0 0.0 Keengs | SiH,0+ HOy—~HSiOOH+ OH |1.66e—13| 0.0 | 0.0
Knewss|  SiH, + O,—HSiO+ OH |1.66e—-10| 0.0 | 1862.0 Keens? | HSiOOH+ Oy~ SiO0OH+ HO, |2.82e=11| 0.0 [8051.0
Keeudo | SiH,O+ M—HSiO+ H+ M | 8.30e—8 | 0.0 | 38546.0 kewss| SIOOH+ 0,—SiO, + HO, |1.66e-12| 0.0 |7196.0
keewso| SiH,O+ H—>HSiO+H, |548e-10| 0.0 | 5284.0 Kewso|  SIOOH+ H—SiO,+H,  |1.66e-12| 0.0 |4529.0
keews1|  SiH,O+ O—HSiO+ OH |2.9%-11| 0.0 | 1550.0 Kaeug0 O, + SiH—-SiO+ OH 1.70e-10| 0.0 | 0.0
keews2| SiH,O+ OH=HSiO+ H,O |1.24e~11| 0.0 | 86.0 Table 3. Gas—phase mechanism for SiHi/Os/Ar
keewss| SiH, O+ HO,—~HSiO+ H,0, | 1.66e-12| 0.0 | 4026.0
kwwst|  HSIO+ MoSiO+H+ M |830e-10] 0.0 | 145930 Qtowst Vpi= 27 7128 4% Pumping speed®]th.
Kows|  HSIO+ HoSIO+H,  |3.3%-10] 00 | 0.0 Pabse= 578 99, ki & QAR o] 23k WAl
kewss|  HSiO+ 080+ OH  |830e=10{ 0.0 | 0.0 eirj = O1Z3 AMUA, iz o] oA, enz A
kust| HSIO+ OH>SiO+H,0 | 166e-10] 0.0 | 0.0 Bl Ae] e, 123l v AR thermal
= x1E8s] 4] 17(5), 2008 429



velocity's YERTE ki o] 23t T3, e A
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Development of High Density Inductively Coupled
Plasma Sources for SiH./O.,/Ar Discharge

S. H. Bae, D. C. Kwon, and N. S. Yoon

School of Electrical and Electronic Engineering, Chungbuk National University, Cheongju 361-763
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A space averaged SiHs/O./Ar simulator for the high density inductively coupled plasma
sources for SiH4#/O»/Ar discharge is developed. The developed simulator uses space averaged
fluid equations for electrons, positive ions, negative ions, neutral species, and radicals in
SiH4#/O»/Ar plasma discharge, and the electron heating model including the anomalous skin
effect. Using the developed simulator, the dependency of the density of charged particles,
neutral particles, and radicals, the electron temperature, the plasma resistance, and the power

absorption coefficient for the RF power and pressure is calculated.

Keywords : High density inductively coupled plasma sources, Space averaged, Anomalous
skin effect
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