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ĭĈƨÎQÛɜ$ɸȹ%   
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ĭĈƨÎQÛɜ$ºȹ%  
This project aims at the development of next generation mesoplasma SIEMENS technology for direct 
production of wafer-equivalent thin film solar cells. Special attentions were paid to understanding the 
mechanisms of the nano-cluster assisted fast rate epitaxy and also to an in-situ measurement of the 
absolute density of the excited atomic hydrogen, both of which are the core of the mesoplasma, together 
with the technological development of the cost effective production system. Based on these knowledge 
and understandings, we have proved the unique characteristics of mesoplasma CVD by demonstrating 
the ultrafast epitaxial deposition with high material yields that exceeds beyond the kinetics limit of the 
SIEMENS technology. 
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-�ĭĈØţȅƆQȜġ 
� 1943 ȗPØȠ@dFĴŇQw"�¢yɄ
RŋƄȂw�t¢ıɫƬǊɄMAK4c®
ɌLRèƨ@dFþƁLR4c:�ıɢǺP
��r  w�¢(TCS)ıɫ9aQw�t¢
ƬǊȢÃQśɫźɤRŋ!30*f¼7C�Ë
7KõǔËȖȀɯty�:ŋ5ONQĦǾ
]ťǹ@dc�Ñ:Ő:ǓɝȀǥïɴþƁL
QĎǄɯf±ŭBcF\PR�?Qıɫ TCS
9a Si fƬǊBcȢÃźɤfĿƕ@DcȪ
ɜ:4c?MRɐȞL4c�ęȗ�Öɬw"
�¢yɄ^ VLD (Vapor to liquid Deposition) 
ɄONŐȒÙóĕP85KīȈ@dK5c
:�Éd] SiHCl3QƣƽìİL4c?MPǙ
ebRO<�ɦȊƊ^ɵȼfɡɛAFȢÃȭ
ɑƮĿƕP`cȯĘÇȢÃQļɤÇfơH
F]QLA9O<�ȩɖǺOźɤĿƕfÌș
MBc�ƺ<ƜA5ëǾ9aQ� {yØȠ
:ć\adK5c� 

� ´Ƀ�?da SiQǓɝȀǥÃɛfíZcM�
EU ¶ÓQ Crystal Clear � xlr�P8
5KīȈ@dK5c?M9a]ɐȞL4c
`6P�ȟɋ Si ǟĨƌűɥɋ^��¢Ƙ Si
:ůƥǙQŋȰËÊǣQǓɝȀǥMAKɓ
@d�?dfÌșMBc�km"�ȆÊȮŲ
QĨƌw�t¢ȟɋfǱưƬǊBcãƜǺ
� {yþƁ:Ưɇ@dK5c� 
� ǑɃ�Ñ!R���z�y��"CVDȸɔ
P85K�SiH4 fıɫMAKŖǍ 1000nm/s
Q SiǒĨƌɋǕƮfɂŏA[1]�?dfȠǼ@
DcğL��}��z�êĐÆP8=c CVD
P`HK�25mmávjzQ SiõȣƕLRɉ
E 70nm/s QŋǕƮǍȂLĘ´P9IŕĴƧ
ɬ<m�~qw��ɋQǴÅǕƮfÌșM
Bc?MfųƑAK;F[2]�ȋŮP�ǕƮú
ŅPïBcw���"w�¢P`b�r�y
~"QȖ¹ȊQɕåfɐàPǷŰBcMď
P[3]�Đ×ǁȒLQEQƖ XƶŠɠĤǌfǻ
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ɛBcŬL�ųįǺP 2#3nm Qr�y~"
fīƀA[4]���z�y��"CVD:õȣȭ
ɑƕ 1mmȒLQȢÃ:ŦȝBc 2ůİ CVD
MAKȏǭJ=adcŬfɐŰBcON�ä
ƁǺP]ƝÇ@DKɟF� 

.�ĭĈQɓǺ 
� ©ƕfȜġP�ɈĭĈLR��}��z�
êĐÆLQ �����	 QɲýƣƽıŤìİfȏ
ǭMAFŋƄȂɋƘ �� ǱưƬǊfǳAKã
ƜǺ �� ǓɝȀǥĜĴÇQ´ǡfǠ6Ŭfɓ
ǺMBc�ĜǔǺPR�w"�¢yɄQǍȂ
ɷǺĵ×fɲýƣƽıŤQɡɛP`cƜF
OȢÃ�yP`bŎȵA�9IŋǍm�~q
w��ƨǰP`ckm"�ȆÊ �� ȟɋQǱ
ưƬǊQÌșƧfīȈAK�ȟɋǟĨƌ ��
ǓɝȀǥþƁQäƁõƻf9F\c�YF�
šĕ×P��}��z�� {yQƪšƧ^Ɉ
ɄLȍadc �� ɋQĺȀûǺȮŲQƕĵf
ǷŰBc?MfɓȬMAK5c� 

/�ĭĈQɃɄ 
� (�}��z�ůƥǙw"�¢yɄ)QǪ
ßfƨBɜƽþƁR������	QɲýƣƽıŤ
P`cŋļɤìİM�ŋȮŲ���ȟɋQǱưŋ
ǍǕƮPǚȽ@dc�?daþƁàɥPĿ=
KǲćBV;äƁǺÏǜR�ɲýƣƽıŤQ
ƪƨúŅɢÔfñ[�}��z�� "Qƫ
ɺƦĹM�}��z��r�y~"�õȣîQ
ǅķŝɛɢÔPõJ<m�~qw"ƦĹL4
c�ɈĭĈLRȅÜÏǜfŎȵBV<����
�}��z�����õɈƱĤ$wy��ŅǨ%�
����}��z�� "ƦĹ$ɲýƣƽıŤɎ
ȂǌǶñ[%��	���z��r�y~"ƦĹP
õJ<ŋǍm�~qw"�ŋȮŲÇ�Q/ž
ǾŊɓfƱǶA�śɫ� {yŁäǺťȬ$ź
ɤ�ȮŲ�ǍȂ%PǫũAIIĭĈfƟ\�
�}��z�ůƥǙw"�¢yɄfǷ¨Bc��

0�ĭĈƨÎ�

����}��z� ��� wy��õɈƱĤ�
� ��r  w�¢�����pyȠƪô�
���
ĉ �	������ ŋŻȚȀĳ8`TƩōô���z
��"�ȻTPƴɛțû�j¢fñ[�}�
�z����wy��f��ȗƷQ���ǸȂQģ
ȧLŅǨAF�YF�ƆùŪįMAK���
w�¢fɡɛAFøÂQm�~qw��ƨǰ
ƗĪfşņP ´¯³ Þ�PÏp¼ÈH�Þ�¼Ą
4�%ÅõþûăìáàĂðáÌâöìåèýĀH
�À0{#�Ì»ÜÂÍĄøþêú2MÏ:ÆÜ
H�^AÐ2�À§	Ì»ÜÂÍ¿ÚĄ/Wr
ÏüóèþĂÐ1$Í%^ÐH�`]Ą�É©
h³·�bÐF���Ï�½ñóçþéìăÞH�
�¨�ÍÆÜ0{�yÌ»ÜÂÍÀv�ÃÝÈº�

�����}��z�� "ƦĹ�
£� �}��z�� "QƤǣÔƭ �
� Ƥ Torr ǸȂQ¦ɯÆLQŋƀɯ�ŋpy�

 "fȏǭMBc�}��z�P85KR�
5e_cŋû¦Ȗ��z�QƖōMȦâA
K�ȀŤÅȂ(Te ):pyÅȂ(Th)`b]ŋ<O
cȖǺȨȺňƧ:ǚ;<OHK5cMņ7
adc�YF¦ɯ:Ǵ5F\��}��z�
ȒLQȢÃ]ȨȺňƘǘPOHK5cÌș
Ƨ:4c�E?L Ar �}��z�fǖƓM
AK�ȖǺȢÃȨȺň���fŅǨA�ȀŤ
ÅȂ�pyÅȂȸȱ�pyɦȸȱfć\F�
ơ 1REQ´ɰL4b�ŻȚƤ 13.56 MHz�
ȔɯȀɯ 18 kW�¦ɯ 5 Torr, Arw"ypy
ɦɭ 10 slm�QƖōP8=cpyɦȸȱ�Te
8`T ThȸȱfŰB���z��"�ƀľȰ
ęLR� TeR 35,000 K `bŋ<Oc´ɃL�
ThR 2500KǸȂP±ŭ@dK8b��}��
z�RȖǺȨȺňƧQŋ5ƘǘL±ŭ@d
c?M:ƤǣÔƭ9a]ɐa9POHF�Y
F�pyɦǍR 70 m/sǸȂPǝBcMďP�
ųřQǕƮŮQõȣȿŭªǦLQ Th ÅȂR
Si pyQßƪƨÅȂ`b]ŵéŋ5ǸȂL
4b�çIĠɃĿQ ThÅȂȸȱRȦâǺĘ´
MOc�}��z�Qȏǭ:àȕ@dF� 

 
ơ 1 ȖǺȢÃȨȺň���P`c�}��z�ê
ĐÆLQɦd(ƕơ)MȀŤ�pyÅȂ(Æơ)ȸȱQ
ĤŢĨÎ� 

¤ɲýƣƽıŤɎȂQEQƖĤǌ [5]  
� Ǜ-ɲýƣƽıŤ$H(n=2)%ɎȂQEQƖ
ƳǖǣĤǌfÌșMBcq���i�¢s
�k¢ąźȸĺ(CRDS)wy��f�}��
z� CVD ǆǦPŅǨAK�Ÿ!m�~qw
��ƨǰƗĪP8=cɲýƣƽıŤȘȂȾ
ÇfǌǶAǕƮźɤ�ǕƮǍȂMQǅïfɐ
a9PAF�ĜǔǺPR�m�~qw��ƨ
ǰƗĪɮ³P85K�´ȤǺOǴ¦��z�
êĐÆ`b] 2ĥ©ƕŋ5ɎȂ$1010~1011cm-3

ǸȂ%QɲýƣƽıŤ:ǐŚBc?Mfàȕ
AF�YF�?QǣRȀŤƐȑɲýG=LR
ƲɐL;O5ŋɎȂL4b�h�u¢jn¢
MƣƽȸŤ:ïəBcÔɣƧŕĨōÐǸP
`cƪƨúŅP`c?M:Űœ@dF� 
� ǫɓBV;ĨÎR�ơ 2PŰBM8b�Ǖ
ƮªǦęɆLǌǶBcĖƇǺOɲýƣƽı
ŤɎȂRǽËƣƽpyɦɭPȦɰDC�4c
ɦɭLŖǚǣfŰAFĸPƸĲBcĞĿf
ŰB:�ĸƂBcȋ´ƗĪLQm�~qw�
�ɋQǕƮǍȂMė\Kɬ5ĞĿQ´ǧf
ŰB?ML4c�ŖǚǣfŰBĞĿR ��ǽË
Pȡ6��z���"�QğǘȾÇPý·



Bc:�țûpyǪQ ��� ȘȂ]?QŖǚǣ
fə7c �� ɦɭ©ƕLRǉËAO5?M]
àȕ@dF�ŽHK�ǕƮźɤMQɐàOǅ
ïR���z�Ȓȳ/Đ×ǁɮ³ęɆL Cl Ģ
ÇäŸ:ė\KȢÃæƧQŋ5ɲýƣƽı
ŤP`bHClMAKǕƮɮ³9aĢÙPțû
@dc?M9a�SiQÀÇȢÃ:ƿŨ@dc
ĨÎMAK�ǕƮźɤQĿƕPöəBc]Q
MƲɐ@dc� 

ª

, ª ¯²°³ ÏÙÛCÚÝÈ��c��6 ±«¸®¬Ð�

:9@ÐJ�c�äée Í0{�@ÍÐs¢ºª

(3) ��z�/r�y~"ƦĹPõJ<ŋǍm
�~qw"�ŋȮŲÇ 
£�çþéìăLKâöìåèýĀH¡`] [6]ąª ª
� �}��z� CVD QŋǍm�~qw��
ƨǰQõɈǺOƨɋúŅR�ıɫpyQ��
z�thLQèƺȸÔP`bƪƨ@dF Si
ƙû:��z�� "P`HKõȣPčĊ
@dĆǍĔſPȡHK��r�y~":ğ
ƨA�?d:ƨɋƷěǔMAKȟɋƾƚfħ
ǶBc]QM�ųįŬųfõPǂǶAK;F�
A9A�EQ��r�y~"QŅǊǺȏǭM
ŋǍm�~qw��ƨǰP8=cɕå^ǅ
ïȆ��o�z�PïBcƒŗRɍGɐa9
P@dK5O5�E?LȸŤȊɯäw���
"w�¢fɛ5�ųįŬųfɁèBc?ML
ƨɋúŅÔɐQ´ƈMAF�ĜǔǺPR�(i)
ŋÅ Si ƙûQĆǍɱăPȡ6��r�y~
"ğƨM�(ii)EQr�y~"QõȣƐȑŮQ
�j��ry�PI5Kɐa9PAF� 
(i)ŋÅ Si ƙûQ 5000K 9aQŋǍɴǏɱă
Pȡ6 Si ıŤQĔſÐǸf 2 ǔ Lennard - 
JonesĄTǒǔ Tersoff��¢w��fɛ5K
ĤŢAF�EQĨÎ�ÉdQ��¢w��Q
ƖōL]�ÈǂɘǾ©ƕQÅȂL SiıŤQż
ōǔ(r�y~")ƪƨ:àȕ@dF$ơ 3%�
ȏP�?dar�y~":�vjzPR`a
C�õɈǺPĶǔMR¯Oc»ǔɚQƼOı
ŤŅǊfɗBc?M:àȕ@dF?M9a�
XƶŠɠĤǌĨÎ9aƢǌ@dFŅǊǺȏǭ
fŕĴAȍFŬRȏȫBV;ƨÎL4c� 
(ii) ?dar�y~"Q Si(100)õȣȭɑUQ
ƐȑPȡ6ǅķŝɛf¯Ocr�y~"�õ

ȣÅȂLīȈAFĨÎ$ơ 4%���r�y~
"Q SiõȣƐȑŮPÑ�r�y~"űǔ:Ⱦ
ğBcMȋŮPõȣȭɑ9a 2~3nm Qɮ.
�Ï»Üçþéìă]H Si�6À/Y�U[6
Ï:EÆÜ
�ÏN�ÆÜÂÍÀv�ÃÝÈº
�ÉĄçþéìă]H�6ÐtTr�>���
À©�âöìåèýĀH¡Ð/W`]Ì»ÜÂ
ÍÀv�ÃÝÈº�QÌĄ 5nm ÙÛØ4ÁÎçþ
éìăÐ�}Ð1$Ą<çþéìăÍ§	Ðf�
^]�Ì»ÊÈÍÄËØĄ/Y¦ÙÛ 3nm��¤
ÝÈ
�Ï»Ü�6Ñ��rÏÑ��ÄÎ¼Â
ÍĄÕÈ/Yh@À 0.7Tm Þ�*Ü1$ÏÑ
2nmy@ÐçþéìăÌ»ÊËØ���ÞÄÎ¼
^6Øv�ÃÝĄÂÝÚÀ3�U��BHÐ�
+Ì»ÜÂÍØw)ÃÝÈº�

ª
ơ 3 ȸŤȊɯäP`bȍadFĆǍĔſŮQÝÅ
Ȃ(ɘǾȦǅǖÅȂ)LğƨAF��r�y~"Q
ȊĠȸȱïƤ$ǃȔơ%M�EQǛ 1 Ǜ 2 �"r
đȂȦQÅȂ«ǐƧ� 

ª ÃÚÏĄc�Þ'VÄÈ Si-H2 g$�b¿ÚØ
�� Si çþéìăÍ§	Ð H�6Þ��ÄÈf
�^]�Ð Si:H çþéìăÐBHÀv�ÃÝÈº
k~ÆÔÁƣƽǽËļÎMAKĄ Si ÙÛØ©
¼ùîĂèýĀâòĀæăÐ H �6Àçþéì
"ɹȺMȋŮPr�y~"ȭɑU°ȊAK�
`bƼOŅǊfǀbƀB?ML�H Þ'ÕÎ
¼çþéìăÙÛØ2B!Ò Si ıŤQŕȝɳ:
ǋƟ@dcŬfàȕAF� 

ª
ơ 4 ȸŤȊɯäP`bȍadF»ǔɚ��r�y
~"Qw�t¢õȣƐȑŮQȾğċȊQõȣĄT

r�y~"ƆùÅȂ«ǐƧ� 



¤ ŋźɤ�ŋǍm�~qw��ƨǰ[7]  
� ƷŊQr�y~"�j��ryɢÔPõ
J;�m�~qw��ƨǰúŅP¸ēfə7
6c��z�ȾƤMAK�ȏP��z� RF
Ȕɯ�ıɫ ��� pyɦɭPǩɓA�?daȾ
Ƥ:ƾƚğƨÐǸ�ȏƧPĄXB¸ēfǔĢ
ǺPǮŔAF��

�ơ 5 ĄTơ2PRŸ!��z�ƗĪÆP8
=cıɫ TCS pyɦɭPǖBcw�t¢ɋ
QǕƮǍȂM�"�°ȊȂ$ơ1%�ĄTś
ɫźɤ$ơ2%QȾÇfYM\F�m�~q
w��ƨǰŮQǙȭǺO��z�Ȕɯ 22kW
ƗĪLR�ıɫ TCSɦɭQǉËPȡ5ǕƮǍ
ȂRǉËBc]QQ�ŋǍǕƮǍȂWNĦð
:ȌȔ@d^B5ĨÎMAK��"�°ȊȂ
RǴÆAF�Mbe=�ŋɦɭQƖō(+µ)
PR�ǒĨƌɋfǵBcF\�"�°ȊȂR
| MOHF�A9AO:a�ŋ TCSɦɭƗ
ĪL]�RF ȔɯQǉËP`HKm�ƨǰP
Ⱦeb�ǕƮǍȂMďP�"�°ȊȂ]ǉË
BcĨÎMOHF�ȏP�30kW�400scmm
QƗĪ(,µ)LR��"�°ȊȂ]ĿƕAK�
700nm/s QǯŋǍǕƮǍȂL4bO:a�
100nm/sec ǸȂLQm�~qw��ɋMȋǸ
ȂQɬŀOɋŲf±ŭAȍcŬfàȕAF�
ƷƂQr�y~"Ŧ½m�~qw��ƨǰ
úŅfȉY7dS�ŋ RF ȔɯƗĪL4dS
ŋ TCS ȌȔŮP]Ƽǚr�y~"ğƨ:ɞ
Ʀ@dɬŀOƨɋƷěǔ9aƨcm�~q
w��ƨǰMEQȮŲ:±ŭ@dF]QM
ņ7adc� 
� ´Ƀ�śɫźɤRǴ TCSɭQƖōPR 65%
Mŋ5ǣfŰA�ȨȺň� {yQļÎ:Į
ŚÇAF�ȅƹO:a TCSıɫQǉËP`b�
Cl ȸ¦QǉËPȡ6ÀÇȷǅQ§ǶÇPý
·AK�śɫźɤ]ƸĲA�ɰ7S 400sccm
ȌȔAFƖōPR 40%ǸȂPYLĲƉAF�
A9A�RF ȔɯQǉËPȡ6ȨȺňȂQĿ
ƕP`HK�Ʒüm�~qw��ɋUQȾÇ
MďPśɫźɤR 53%PYLǉǚAF�?d
aQĨÎ9a�ŋȔɯƗĪ:ÇäǺȨȺňƧ
ÞǚMȋŮPɬŀOƨɋƷěǔr�y~"
ğƨP]ɗɡOêĐƖMOcŬfųƑAF��
´ȤPǅȢBcMņ7adcė\Kŋ5Ǖ
ƮǍȂMŋśɫźɤQȏƧfɪɥA7FĨ
ÎR�äƁǺP]ǚȾĒɌƝ5ȏǭL4cG
=LO<�šĕǺPđɯOj¢�r�fə7
c?MRĀ5O5��

�
ơ 5 Ÿ!��z� RF ȔɯƗĪP8=cm�~q
w��ƨǰǍȂM�"�°ȊȂQïĝ� 

�
ơ 6 Ÿ!��z� RF ȔɯƗĪP8=cǕƮļɤ
Mıɫ TCSɦɭQïĝ��

¥ ÄɃĿâöìåèýĀn"�"ƨǰĄTǚ
ɑƮm�~qw��ƨǰþƁťƠ[8]  

ª ��U Si ��5£¥dÐ8oÏÑĄD��
ÖÐâöìåèýĀ Si�Þqz/YÓ��ÆÜ
D�À»ÛĄ�Ú¿Ðÿ÷ïã÷øāëéÞG7Ä
È/YÓÐâöìåèýĀH¡ÀD�ÍÎÜº
Wu|ÌÑlj=ÍÄË SiO2 þàĂõìăĂÞ
RÄÈ Si/Y�ÓÐ_Q&âöìåèýĀãă
ôăH¡(Lateral epitaxial overgrowth: LEO)Þ
\�ÄĄÂÝÞ#�ÍÆÜ��ÞSÚ¿ÏÄÈº 
ª �QĄICP -øþêúïăíÞ�pÄÈ4¦{
0{ÏÑĄ/YI¼ÑïăíÐx�À�#aÍ
ÎÜºWu|ÌÑc? 2 �x�ÃÇÜ/Y�Ó
Ð��rÎâöìåèýĀH�Þ�ÖĄ4¦{
âöìåèýĀH¡8oÐÈ×ÐøþêúÐ�
�ÞSÚ¿ÏÄÈº 
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