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The energy conversion efficiencies of thin crystalline Si (¢c—Si) solar cells are strongly limited
by the surface recombination of photo—-generated carriers. Therefore, the surface passivation has
been a key requirement for optimizing the performance of thin ¢—Si solar cells. The purpose of
this study was to develop a new and highly efficient film formation technology that made it possible
to fabricate passivation films (Si0O,, SiON,and A10,) at low temperatures (T < 400°C) using a stable
glow plasma excited at atmospheric pressure (AP) by a 150 MHz very high-frequency (VHF) power.
The important results of the present study were summarized as follows.

Following Chapter 1 (Introduction) and Chapter 2 which reviewed the status of plasma oxidation
technology, Chapter 3 described the results of high-rate and low—temperature (300-400°C) oxidation
of Si wafers to prepare Si0; passivation films using a stable glow 0.5-5% 0,/He AP-plasma by a 150
MHz VHF power. From the characterization results of ellipsometry, X-ray photoelectron spectroscopy,
Fourier transmission infrared absorption spectroscopy and transmission electron microscopy, it
was found that the AP plasma oxidation was capable of producing high—quality SiO, films comparable
to those of high-temperature thermal oxides. The oxidation rates for AP plasma oxidation of Si
wafers at 400°C were faster than those by thermal dry oxidation at 900°C. Moreover, the high quality
Si0, film with low interface state density (Diy) of 1.4 x 10 cm2eV! and moderately high fixed
charge density (Q¢) of 5.3 x 10" cm? was formed by optimizing the formation conditions. The
estimated effective surface recombination velocity (Se;r) based on the Schockley—-Read-Hall
recombination theory was below 10 cm/s, which might be low enough to realize high—efficiency Si
solar cells. Therefore, it could be said that Si0, films prepared by the AP plasma oxidation should
be promising for surface passivation of Si wafers.

Chapter 4 described the formation of SiO.N, films with a low nitrogen concentration (< 4 %)
prepared on Si substrates at 400°C by AP plasma oxidation—nitridation process using 0, and N, diluted
in He. Interface properties of SiON; films were investigated by analyzing high—frequency and
quasistatic capacitance-voltage (C-V) characteristics of metal—oxide—semiconductor capacitors
It was found that the addition of N into the oxide increased both D;; and positive Q;. After the
forming gas anneal, D;, decreased largely with decreasing N,/O, flow ratio from 1 to 0.01 while
the change of Q; was insignificant. These results suggested that low Ny/0, flow ratio was a key
parameter to achieve a low D;; and relatively high Q;, which should be effective for field effect
passivation of n—type Si surfaces

In Chapter 5, formation and characterization of AlO, films on c¢-Si wafers by AP VHF plasma
oxidation at 400°C were introduced. Systematic C-V measurements showed that an interfacial SiO,
layer between AlO, and Si played important roles in decreasing the D;; from 10'* to 10" cm?eV! and
forming the negative fixed charge density in AlO, higher than 10'2 cm™® By decreasing the SiO,
interlayer thickness from about 20 to 5 nm, the polarity of overall fixed charges changed from
positive (Qr = 10" cm™®) to negative (10 cm™®).

Chapter 6 described the summary of the results. In conclusion, Si0;, SiO:N;and AlO, films prepared
by AP VHF plasma oxidation at 400°C has been shown to be useful for effective field-effect
passivation of Si surfaces. The AP VHF plasma oxidation method would have several advantages such
as the increase in oxidation rates, the reduction of the processing temperature and the absence
of harmful chemical residue. Moreover, since the open—air AP plasma oxidation process might be
principally possible to realize, it should be expected to be useful for many industries as a

high—throughput process for preparing functional oxide films.
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MR G S1 KGO EEARRIL, ¥V 7 ORAHBESIC Lo TREREEZIT L, Lo
T, RNy = g 3R ST RIGEMBITOBRIEIC L o THEFMICEERERTH D, AWFETIL,
KESBMICIIT D S1 Kl o _N—3 g AR (510, S10N,, Al0) &, {KiR (< 400°C) T,
POEMBIIERK T D720, 150 Mz BEAEEEIC L2 KEET 7 A~z A LungRm Sy &
NR—va VETERIE LTV 5,

FF Si0, IOV TIE, He HAHIZ 0, % 0. 5~5%IRA L= A& AV, 300~400°C DIEIE T Si DK
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ALO BRI, Si D 1/2 REOESWELEE CE LI, Al-0#EEE2 ERETHEFKY v T O/ TH B3,
B)— B S THh A L AR LTWA, F£72 Al0,/ST RED Di 1% 102 cm2eV! L LOESBETHS
2, FEIZ Si0FBEHATHIZ LICLY 10 em2eVI L FTE TRIBIZIKBTE 52 &, FBES %2
20 P HHELS T HIZ LB > T URIZENSAIZEILT LI LEE2HLNIILTND, /-, TRIBEEZ%
5mmPTIZT2ZLITLY, 107 en L EOEEEORAD %2155 2 LTI L TNWD,

PLED X 51T, AjiSCEsE LW EIEE L & L CREE VHIF 79 X<kt 2B L. Si #EmD
VI R— Y g AR E BT D Z L ITRTI LT B, AERIE, v oo — L 2D KEIR T
D ACE L TR, KBEMET A BTy "=y a VEER T rt A%, LVKE»OH
W52 LA SN D, RFRSCE, BERE, FICKKET 7 XA~BBb7 o' 208 LIS H O F§E
HEOVHS LD THD, Lo TRmIFE LI LTifESH LD LD 5,




