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Due to the high reflectance of lat Si surfaces, fabrication of ultralow reflectance $i surfaces is indispensable to achieve
high conversion efficiency of Si solar cells.  The conventional method to decrease the reflectance for monocrystalline Si
(mono-8i) solar cells employs production of pyramidal textured surfaces by use of strong alkaline solutions, followed by
deposition of anti-reflection coating {ARC) such as a silicon nitride (SiN) layer using plasma-enhanced chemical vaper
deposition. In the case of polycrystalline Si (poly-Si} solar cells, the reflectance is decreased by acid etching with an HF plus
HNO; solution, followed by depesition of SiN.  However, the rellectance of SiN/acid textured poly-Si sur{aces is not
sufficiently low,

I have studied a method to produce ultralow reflectance (i.e., less than 3%) mono- and poly-Si surfaces by use of the
surface structure chemical transfer (SSCT) method in which 8i wafers immersed in an HF plus H20: solution are contacted
with a Pt catalyst, The reaction rate for the SSCT treatinent does not depend on crystal orientations, and therefore, the SSCT
treated mono- and pely-Si surfaces have almost the same ultralow reflectance less than ~3%. By the SSCT treaiment, a ~300
nm nanocrystalline Si (nc-8i} layer is formed on the Si surface, and its porosity decreases with the depth.  Using the optical
model in which the refractive index of the ne-5i layer increases with the depth, ellipsometric spectra of the ne-5i layer/Si
structure were well fitted.  From this analysis, it is concluded that the ultralow reflectance of the nc-Si layer/Si structure
results from a porosity-grade structure, leading to a continuous increase in the refractive index with the depth.

I have also developed a passivation method of the ne-Si layer formed by the SSCT method.  The ne-Si layer was
passivated by phosphosilicate glass (PSG) used for formation of pn junction. Due to the low softening point of PSG, it can
penetrate into the voids of the nc-Si layer and {orms chemical bonds with nc-Si, leading to elimination Si dangling bonds (e.g.,
surface states),  After the PSG deposition, Si wafers were annealed in forming gas in oder to form Si-H bonds from residual
Si dangling bonds.  After PSG deposition and forming gas annealing, the front surface recombination velocity of the nc-Si
layer was improved from 1551 to 321 em/s and the internal quantum efficiency in the short wavelength region was greatly
improved (e.g., 60% at 300 nm). The pa-junction mono-Si solar cells with the passivated ne-Si layer exhibited a high short
circuit photocurrent density exceeding 41.0 mA/cm? and a high conversion efficiency of 19.7% in spite of the simple cell

structure without an ARC layer.
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o RS2 OO BN SRS AT R AR T30~50% & M < KB 2R Y S0 I RN E R LY &
e SEND 5, BERSHHEDRS, BHFETAAIIvF O VE2AVWEES Iy RF 7 RAF vl (10%2
k) ERHBTIEE (SN, Si02 &) OBEIZLOEREREERTES. —FH. SHRSUIHR CIRREEHOMS M
WARRMWTSHHZERDS, BREGTANI Iy FOINARATEY, Ly F /RSN THEN, BRI
20%BL L&MW, TOHR, TOHETHREFEREZNAL THHHMELWERBEERTERV, FIRT
. ZREESIHERIZ MM AT, LRI A MRUIEAETH BEHMIRE  (Surface Structure Chemical Transfer:
SSCT) Iz L HKEHSIRHOMAE, TIE RO ERERSIKIBEMLOFERIZRIIL .

SX SemPD A ZAZ GIWT L = pBISIE £, 15 wi%H202+25 wi%HF IR & HIC R L. SigRi I Pl 2%
F— 5 — %2 em/sO U THME 7, 30800 THERSITMEZT TR <, HRIREIHE AR b 7 2 it
PR TR L /- £ 45 RSTIERIT LT, 300-800 nm® ity B i TI%LA T OMMEE R 2 @M L 7.

SSCTHLELZ L 0, SiFEIIZBE~300 nm®SiF / 71} 24 )L (NC-8i) FMEREN. NCSIBOEILRIFERES
HIENZH L THDT 52 EMH o7 Bruggemand SV ELIBIE H W T, NC-SiIF O BT EARIEH SHES HmiZ
LTINS AREETFAEMEELE, ZOXBEFILEMNNT, XN TV AR -OWEEICHL T v T
£ BT, W RN —RERE, T v T2 YTIIEDRELIENETT NN SRR
A, MEMEIEF-BL 22 &EMS . NC-SIT/SiHE DMK M BIT L RAEICEN TS I &0 hhotc. DF
0. NC-SifFOBITRAHES HIio e UliENIcRnT 52 & T, EERENERRLINLGZIEERMILE.

SSCTHLIR 7 fE L 1= MK R M iz AREGR, Mz ifmE AL a— b, EESREHI T600 °C
TISMT VB EIT L, U 1 EEH T A (Phosphosilicate glass: PSG) BRUNRD 51T T A

(Borosilicate glass: BSG) &KL . TO%, WHRFMEAT25 °CTIOHM 7 2 — VLI Z1T L, pniE B LT
Back Surface FieldZ B L 7=, PSGEN Y ¥ R—2 g »IHELTHRL, TORIZAgN—A M ENWTEE TN E B
WL 7. BSGEHFEMCIME L., MATIZAIZ~1 pm#EAFL /=, TAERRE. 5 vol% /K #IFMH 4 T400 °CTIOA M T
S ET o T, Ny I R—2a VMRS AR WEE, NC-SIFTOF v ) 7 Bi&MERIERIZH L
®, EEESEE (300-600 nm) OIQERME <. il it BMEFA300-400 nmMD i IE & A EHHIZE F TE TR,
PSGHER & KT Z— )V LEZ X - T, NC-Silf O RIS HIE L 7= 2 & T i EROIQEIAEIZ ML,
300 nm® HI2 6t L T0%DIQEN T Sz, Eh. TDEE D - Vo SRR B LT 5 T L 7 o BLAEAE
I BT, RMEET N, =618 mV, JEHBHET, =41.0 mA/em?, FF=77.8%. ZERENEI10.7% &7
WAABIFTEH D 1. NC-SiE/SIHIEIZ L HSiRMT oMM &, PSGHERI+/KM T = — VIAIIZ K 5 #2ii Bss &
JE O RIB7RAEMIZ &L o Ty BB LI % R U e b BERIREIE O KREFTM T O M2 R O @iz I Lz,
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fl i Si T 0 B ST WA T 30~50% L I < L WA B R EL A ER T Ao D IR RE A {ER M LT
HBUENRDD, BEO—BHRERNERCE, 73y FIESEERUTELERNIC L > TRMT B0
BEEBRT B FEEHOTWES, ZoFETE, BENACTAH LAEEORMR 2EIRMT 2O RKMOIBHIC,

erim%uL&+ﬁLﬁ<&< FERBHIENE & o S BT o Fo, BH B4 b RHB kI

Heie ik B L ARAGHESRES RS EVIBBEARH o, KRR TR, £HaR SiHEHEIC bR HA6E T,
offsm A OWMEEFETHBEEHESE (Surface Structure Chemical Transfer: SSCT) #E&MBE L. iz
FABIEREM Y rRAOGHEREBRERD V22 U ASAFOHERA, SbRRELER VN
HERHT U o REER o FERICED U,

SSOT Wi, &V a v RECFE~300nm N a7 U A G VREBER S, EOELRTES N
B S LT3 22 2 R L7, Bruggeman HEUEHIERAHWT, Va2 ) A5 ARMORTES
MIHA LRI FIICE LT 3 AERTFAEHNT, Sz V7Y A M —OWEMIIH LT + vF 1
P T oo i, EWICRW—HKEBIz, 710 T 4L RE LLZHFEET A0 G - R0 aM,
FIER EIFIE Lo thb, v a2 U AXNEL) a5 EOBREEMNSETEILEAEICERT S
eMbinot, 2%b, YD mrd s ) A AROBRTRAEEFE I UERMICHEMNT S 2 LT, R

EREABONLIZ EERMLE,

vyaryF sy AGABOTEC X > THERMNEBG O S, FRARMA 7z @12 3 T & M
BML THBEALENERICH T RTHRF[ETTE2LVIBEAD D, ZOMEELMRT LI, #if
OFHM AR — g YEERME LD, TOFERL, pnESE NI SRR T OV LB T R (PSG) &4t
BLTME L%, HIZPSGHBRELEVWEWIMBARAFETHS, MBARIZL>TPIGHRL Y ar /7
URXFATROEILES D, Yard 7 A ALEEEREGEBRL T ) ary U Ry FHEO
REHEAL AR D, Ny =g VBRI &R WIEE, YV a2/ 2V AZARTOS Yy ) 7TEHHEEHE
EREFCE VY, EEESE (300600 0m) DR TR, HICHEEFER 300-400 nm O HIIIE LAY
HERICTETERNIENSN 2T, —FH. . PSG Ay R—tavaiiLicle, YWar /v P R5LGE
OFRMEUEABHE L, EEELOMNER T HRARIFEML, & 300 nm O RZH LT 60% 0 ME {773
BEGI, B, BEHFIEET SERLAVEBEHESC L b o, REMEREEI, 41mAfcm? LI
L, TRAF-FHNR 197% EBH ZLICR L, TOX 3, RBRLTIERS Y 2 o RIEOHMEH I
IR EHEREEL, Yard s 2 ) AAAROBHRICHTIEOBRERH L, J2 T, KiRid
W (E) OB/ ELTHFaAELD L0 LED D,




