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SiJZ B, ] LS BLAE A7 BR B0 P8 20 s SR e b RE A K S AL AT BRI 25 ST R B A1 T 4 K X S
H o 1 PR KON, B oK BB G BT 9 T RE S i S A B U R R TY. WAGNER J M % i 5
— M DR A2 A S T R BUR G B BIFSE T STUZ R B R B T 45 KA X S1/S10, 88 A A% BE A Y BR A 52, A
JEHUEEI A SRR BT AT BR AR K A 2 R AR Ak 5 58 — PR R BB Si/S10, 5 1 A RE T A B A b —
0, Si/S10, A 7775 FL T BEAT 1 B A0 12 7 BR RN o MR A e R A 50 AR TR T 4 K i RSN AR AR
Tk Lk g oK A4 R A B2 AR K IR AR A A A e A T BES . 2020 4F ,NESTOKLON M O %775 1
S — kB R 5 B 1 2E et S 0 B0 A A A RE T R BE 9AOK 25K 1 S10, )2 BUHE JE I BT A B
Sy BB BRAORL, JLREH A IR 7.38 eV, SR A A SRR A T BL, Al I AN HE AR (E A T DA 2R
BT AR RE 0 REGUORZE R I W06 TS 25 RS SE I B W A, 0T R IR RE T 00 HE 4K 25 R Y e R IR I
F I R A L AR SR AR PN R 4 25 R S10, )2 HR R H 4% B R B i i 5 S 1 o
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R AR 4R I T AT L 51 R — S R 0 AE B A A AR — M R R B O vk R 7 SOU T F 5
S1/Si0, 5t T Ak B T — Fhn] S 0 B E 5T 5 R0 S AR SCR FH R BT bR B R T A 5 — 1 R AT Y
HAR o5 A0 38 AN [ J52 32 ) 9 B o A 9 AN () S Ak ek 2 JRE B 11 S1/S10, Bt T S 28, 45 1 4R Ak ik 28 T2 3k
Si/S10, F 11 B L T 25 45 4 FN G F 0 T B 52 o B 592 45 SR R BRAK o A1 0 S [ RS B 1) 9 o 7 A D
AN TR SR AR RE 22 5 B 1 Si/STO, S 1T 35 hy T B2 B fs S A 5 8 4 W oy 0 JRE JBE R S1/S1O, 1T AU Ak ik 2 TR
FEAL LB BEL Gl T4, AR Si/SI10, BB BE A 1~2 eV X 8], 530K 78 & 0% G AR 4508k A 1 v i v
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A SO Y o~ 75 1 9 (a-cristobalite) Fl Si/S10, S 1 Ay 40K S AR5 o 1 5802 o 7 A SRR Y 2 5T, 58
#r[100 1Y) # a-cristobalite ff il , 75 3] a—cristobalite 4 K i 5, 8 iof i A8 A5 7Y i 1< B2 A5 3] 1.047~2.887 nm 1 5
2[ a—cristobalite G5 FIRE R . Sifl) fh 4% i 50K 5.431, a—cristobalite 1Y &A% 7 %0 M 4.978,Si 5 a—cristobalite (1 &
6 93 e B R 8.3 %0 , 7E S I AT RME ST 5 A9 SR RIS BRI o S1/S10, 5 1 A R (4 57, W [ 100 150 %0 Si ff i, 57
JEEJE Sy 4 )2 Si(STEFEZY 2y 0.54 nm) BY STHK IR . 43 51K Si9h oK 3l 5 R 22 1if 2 37 19 a—cristobalite 4/ K
Jii A FH 43 J2 AR R AE — AN B R o—cristobalite W iR 3 1 5 Si I 2 i 2R A WU 4L AT (Double Bond
Model, DBM) , 3 it — A~ O J5 3% 45 0 3% 2 P 9 5 A ST, JF il 22 slUsg i A, 22 0 F Si-O 4% £z ik 2
A ALk 2 A EE Si/SI0, R 450 o 25 57 B9 Si/S10, B B AN 2 nm A L 23 2, B B 23 2 36 10 H 25
JE S5 A0 23 I 1 BE 25 R 2 nm, 783X B R AT DL Z Si/S10, AT AP 1 R SRR sE e . e TR R EE AT
19 Si/S10, F 1 15 3t >R FH H I 160 A1, 35 B it B 0 16 T DAAS 2] S1/S10, 518 1 5/ g i f , DR A4 2 1Y
Si/S10, F1H 25 F B2 E o
1.2 itEFZE

Befdk o5 40 9% IR o A B R Si/STO, A TR R (1 H S (8 P R A O PR R 1 ik o B — P R B
SR 5 Bz R BRI i R B i AR R ST SR O S A TR B X Si/S10, AT HL T 2 5 R A S
RO, 3T BV bR HIE A 5 — P DR B TR S R SR A Kohn—Sham J7 2, H  F15 ) (4 40 B 7 FH R 4
TR 3 A8 ¥ SR RE AT ) SR B2 3T L ( Generalized Gradient Approximation/Perdew Burke Ernzerhof, GGA/
PBE) . £ XJ FR IE & 1% 8 4 4 5 7% (Broyden Fletcher Goldfarb Shanno, BFGS ) X 455 I B A o~ J5 A7 & | 8 B
=7 A1 JEH S1/S10, AT JUA S5 48 DLk, o BR UL AL B A o5 A 3 IR o= 7 5 SI1/S10, S5 H
HLF BB 45 4 5062 M T, TH 5 S1/S10, A 24 M T i, K S RS B0 B 5 X5 X 1, FETH ARG B ik
Bk o7 47 98 I o5 45 SE A Si/S10, T A5 7 I 18] B9 A LR 4 KA 0.05 eV/A (1 A=0.1nm)
w A N R T U SRR E R 0.1 GPa, 353 (Self Consistent Field , SCF ) Y S0 & 15 & 2X 10 ° eV /atom
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YEAE 473 C~548°CF 2 il if AR AR J5 748 Sy 3= 7 A1 e

T B 1R o7 7 2 B BEHE 45 4 [ v, 25707 95 1 E£,=5.666 eV, BB 17 IS M4 TLAR X I G o5, R H
Feli B Ak

Bl Hethoa b B RHMWE W LN
Fig. 1 Energy band structure of block a—cristobalite
A5 BEAE R RE T B AT IR AR 45 S DL 2 F AR o A B 1 e 25 2 R N 43 D R S 4 L P Rl A A e R
a7 A IR L T A A LR B . HRAAR o ) S R R N 1 R R AR A A X 8] 43 S 7E — 20~
—17 eV, —10~—4.5eV fl—3~0 eV, 7E $ K 1 0 WM, BAK o5 43 JE (14 HL 7 40 A 28 A6 A X B 3OF- 2%, 7
—17 eV B A — > AE 5 BE U B 0 | B AR o J7 A0S P TS B AT AL X0 E R TR T 2s A
L (14 BT RR  [R) BFt §56 B o 7 A B v 8 P 10 2s S L F AU RE & LU EE R T Ss L FREER o HUK o 7 1 0K

H2 ko T ERNESEEM PR TFATE
Fig. 2 Total density of states and partial electron density of bulk a—cristobalite
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1) 43 U5 HL - A 285 T, RO T 1Y 2 A L 9 BB AR AE (B 32 4 A X [E] 3 B AE — 20~ —17 eV, 2p B HL T 1 g
T A AE AR 32 AR K] 43 I AE — 10~—4.5 eV Hl — 3~0 V ; fiE J5 7 14 3s 25 HL 7 A4 AE 2 AR AiF {1 3 52 49 A1 X ]
S TE—19~—17 eV Fl —9~—5 eV, 3p & HL 1 1Y e & A fE = 2250 A1 X W] 40 5 7E — 18~—17 eV . — 8~
—5eVH —3~0eV, Pl ARELERBEARMMHXE —10~—4.5eVINETEEE LT RA TAKET 2p
BHL T B TTHK, YR A ik JE T 3p A HL T FIGE R T 3s S HL T 10 BTk , B o7 A7 BE7E B A AE A X 6] — 3~
0eV M F8%E F2 kA TAEF 2p 80 STk ALeE I+ 3p &
22 HEo-FRAEHBFEEN

P13 Ay o b AN [+] JE2 88 114 i S o7 Ay S AL T ) 45 4, IS o Oy A SR JREJRE 4 03] Dy 1,047 .1.394 11.842,2.438 .
2.887 nm. [l 4 KN [A)JE 5 1) S o A DR REA 25K . NIRRT LUE L FE SRS TREE T, #iE o A
YA B IR R RORL B AR o 5 A R B Y R AR L o A 1 S RS AN B ) s BB T 1 A%
REA Z5 R TP A A WA N B . SR T o AR S o A RIEEZ RN LR BEE
a5 A e JE BN 2.887 nm FEARE] 1.047 nm, ¥ o 7 A ST BRI 5.233 eV FEE B T 5.927 eV, R B
114 2 B 1 5 o

B3 TRERWNEE T B EEN

Fig. 3 Structure of a—cristobalite film with different thickness.

W4 R o7 &%k EEM a7 B W S

Fig. 4 Energy band structure of a—cristobalite film with different a—cristobalite thickness
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5 @Ma W EENEEFRE a7 BEEFRNX A
Fig. 5 Relationship between the band gap of a—cristobalite and the thickness of a—cristobalite in thin films
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P 6 A R AS [ 8 Ak Ak J2 JRE B B ) Si/STO, T 1 4548, 3 LR Si/S10, A1 45 ¥ 1k 2 2 35 R 4 2 (&Y
0.54 nm) , EALKE 2 JE B 23 9 A 1.047 .1.394 ,1.842.2.438.2.887 nm (A AL ik )2 R FE 5 5 Fh A 5] J5 BE 1) v i
T ABE A . F 7 A AR )2 R B Si/Si0, A 1 R REH 45 M 1 . I H AT LA Y, 7E 1.047~
2.887 nm [y A AL A 2 JE B S LN, S1/S10, AT 1Y B4 4548 A IR R Y M E XM FR A F M Qi , G ik, REA
SR A T B R @ X FR L F A QAR , G AR o AEAR TE A SRR AL AN K, H Si/S10, 5 18 BEHF 19 f 4 T A5
R I AE F X RR AL G R I S1/S10, 51 8 T B 44 B0y 2 SR A ORE, BT LR F IR R AP ROtk K8
g5t T Si/SI10, Bt By B AR A RE 2R 2 R YOG &R Bl A AR iE R E N 2.887 nm /b # 1.047 nm,
Si/SiO, FL i REHFH B 1.62 eV FF i 2] 1.782 eV, Si/SiO, A 1 S Ak fik 2 V5 J8E (1360 , H 1 B 1) 30007 26 B %
BB AT BRI WS K. S1/SI0, A Rl IS K B A AL AR 2R B RER I S e m A sl . EALRE)R R AR A
S Y Si/S10, 5 1 HL 7 25 25 84 728 Ak 5 T oy 0 J5 B8 A0AE 51 1 L 7 S 25 R AR AR AR B

B6 f[FAMNEREERSI/SIO N & %M
Fig. 6 Structure of Si/SiO, interface with different thickness of silicon oxide layer
P9 g S AL B 2 JE B2 1.047 nm Al 2.887 nm i Si/S10, FU T 19 6 25 %5 B A4 B S W . AL R
JE I 1.047 nm (9 Si/Si0, 11 254 A 73 5 A 4 5 3 B ORI T AL R J2 R 5 2.887 nm 1Y Si/SiO, Sl , A5 %
JE2 e AR 11 Dot D8] o 4 A ik J22 V6 S8 R AT o 7 IR o 280 0 BB AT 4 B L e A I B el . AL EE)Z
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M7 FE A B L A SI/SIO, R 4
Fig. 7 Energy band structure of Si/SiO, interface with different thickness of silicon oxide layer

B8 Si/SiO i a4 W IR 5 A MEERENX &
Fig. 8 Relationship between energy band gap of Si/SiO, interface and thickness of silicon oxide layer

B9 F s R FHE N 1.047 nm A7 2.887 nm 8 SI/SIO, RE M XA B E M HE FAEE
Fig. 9 The total density of states and the density of partial wave electrons at the Si/SiO, interface with the thickness of the silicon
oxide layer of 1.047 nm and 2.887 nm
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JEBE 1.047 nm B9 Si/S10, 5 T 6 25 % B2 6 N Y (8 e AR AR X (8] 7E — 22.5~—19.5 eV fl —12.5~0 eV, A L
2R JE 2.887 nm 1Y Si/S10, F 11 ik 245 %25 BE XTI 1Y BE B ASEH X B 7E — 21.5~—19 eV Al — 11.5~0 eV, %1k
fik )2 8 B2 2.887 nm /) Si/SIO, I AE — 20 eV A — > BE iy i, S A2 R BE AR S , XA A # 3h 1
0.5eV. EAREZEIEE 1.047 nm 4 Si/Si0, 1 £ —19.5 eV A — B H BEWY A9 1%, i 2 3R o 5 A 3 1
S BRI R S B TR AT R X A 0 R [ T S1/S10, A E AR 2 AR 2s B R TTER X OR
R Ry S AL B J2 P R T 2s AL TR BE B LU AE ) Ss S T AR I /o 78 2K w LR BT, Si/S10, AL i
HL A% F 2Ok A TR T 2p S 1Y ok .

3 Si/Si0, R EHIEFEER

Si/S10, F Y 6 27 M 5 FH ' 2% 5 5000 4 B3 A fRL pR 508 0 RN W 0 R Ok A 3 L R A M TR
Fh L T — R IR PR Y AL R R R B 51 Si/S10, B A e, BR KR TR 0 R A s Ak . Si/SiO, R
A FEL pRERRE 5 AR G b Sz i Y FRL - FE BB [R) R T A SO0 A B R L A e 7 S L DA T AR Al 2 R
AR B IR e (0) = el(0) T iew)o HPF o BT IH e (w) A i BREUEHS e, (w) KA HL BRBUE S,
Si/S10, FL1# (144 F BR AT LA RAE B 709 A & 5 AR A B Z R ERAE .
31 SUEEEEX B EHEDBHZMm

Si/S10, Bt 1H A HL R L) KR FB e, 7~ S1/S10, T PN #B T A A A8 A - A5 9T 4 6 1 BB i, P Si/S10, A
AT 488 /N 2 TR X G B R e S . 1 10 2 1.047~2.887 nm AL FE R R T, Si/Si0, A 59 4 H eR 5
e, AL M 2 o 76 1.047~2.887 nm {5 Ak ik )2 J52 B2 Y 6] 1A, S1/S10, 5 189 4 L R B 3 e, 75 4.5 eV [
VAT AE — A HL g, I BLRE 35 % T BE B 0938 K, Si/Si0, B 1 1Y 4 HL o8 B0 38 e, A W/, e K78 15 eV s
T 0. Bl A A ALREJZ R BB/, S1/SIO, 58 Y A HL 06 1] A7 W G8ORS 3l L O HL XA A H 06 1 068 {8 AN TR T
1R o XS HI SI/SIO, H A AR RE 2 R B FEAIL, S1/S10, 5 T Y B8 A B TH s 5 1R 1Y o SRRk 2 R AL, Si/
SIO, F 1] 45 % B 8 2% K 18 2200 B 30 070N, L 1) 25 2 AR s 55, BRI b 1N 35 2 ok ri A A0 - ERE BT 3 R 1Y) B A
R

B 10 Si/SiO, f WA % i 4 F H AN EEEHE X R
Fig. 10 Relationship between imaginary part of dielectric function of Si/SiO, interface and thickness of silicon oxide layer

3.2 fUEREEEX R R RE

112 1.047~2.887 nm S AL REJZ R JE T, Si/S10, F 1 M e 28 B kil S0 p ik J2 5 52 9 A2 flith 2o ol Pl
FLAEMRT 1.5 eV B H A, Si/S10, 5 3 5t fE 4 19 WL T2 0. Si/S10, 5t i X 't fE fit iy Wi i 3 224 v
£ 1.5~13.5 eV, [ I Si/Si0, F i £ 2 SN AT W, Si/Si0, Fli1E 6 eV B3 A7 78 — A Wi, Si/
SO, 57 T M Wi W 1) e (L MDA 37 5 STO, J2 T8 B2 B UIAH 5, Si/ST0, 5 187 W 450 38 B 11 WB7 oA iy e 0l B A fE e =
JEE 8 /I AT S 2 0 O, LU AR 1) e RE R DT Il EAT AR Bl AR T RS
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B11 Si/SIO,RER Y R HMAMEEE LM E X R
Fig. 11 Relationship between absorption coefficient of Si/SiO), interface and thickness of silicon oxide layer
33 SHEREEEMNTH RN
P 12 52 Si/Si0, S 4 5 A B A AL ik R R B SC & o Si/SI0, 0 1w 8 RAEMRRE S XU B T — 4>
BORUEME . 726 eV L, Si/SI0, 5 H 4 5 59 A2 e fa 35 b 4 o AL R JR R BE IR/, 76 6 eV LUTR 37 3 3%
THE TR 6 eV R BT 55 3T B, BEE L 7 BE B B35 O, S R]JREJEE 1 Si/ S10, ST A7 5 3 3 1 W P R 40 7 1, 1
BH7E & B I T S1/S10, AU (R FF 4 15 B M

H12 Si/SIO, R EHHAFEFHANEEEZH TN ZR

Fig. 12 Relationship between the refractive index of Si/SiO, interface and the thickness of silicon oxide layer
. . Y RN VAN || =1
4 Si/SIO,FHEHHHFSXRBRANE

TETH A5 1 LRl 1, SR FH 98 B ik o 306 TR (Pulsed Laser Deposition, PLD) Jy 2 3 il £ %04k ik f H:
B f AR, IFE 1 000°C 5 i 1 W 4aUIR b B 3 5 9 o 3R B ) ofe i 48 2 i A KR B . #F PLD il 45 2
FErp SR A FD K i Nd 2 YA G 3806 A = W8 I 355 nm B 80O R 78 E ALk B ITBURE S 4 oK 2, 9 #0 ik ik
e it Bt R B, — 3 O R S A R A A A R A R 1 Bl R EE N F IR O v TR A A
& TS, A B A 0 3R T AL T AR T A SRS R AN OK R 2 P 1 A s A N TR B R AR RE RIS R L
AL TE B HrE R A4, M S G T2 L TR 13 S AARRE b ARG R RS R O B . A
3201 S1/S10, LT FE fh 1) A A RE Bz LR it B 45 44 mT L by 385 9 L 00 SUB% A DU 5 R A

Si/Si0, FL 1 FE i 196 Bk % (Photoluminescence, PL) 63 1 18] 14, 7] DL ¥ 48 M WL 5% 5] Si/Si0, #t i £
i b P 2 HL T A5 7E 670 nm (1.85 e V) Ab 1Y 5k & S I, 7E 620 nm A1 800 nm 4 A7 (e , R BIAF1E— & i A5
AR L B I 22 A A 00 25 1) HE Al I8 B 199 22 0l 06, 3 B 1 5 19 A0 AL R b i vl IR ) 09 0K ke Bl B e /b, 48 4 o i
B o TE 532 nm BOGHI R T, Si/SI10, S 18 HL - M A i &k B Sl | iF A0 Sk i 285 T8 U I T A7 T
KOG, IEGZE RIS E T REAT T 10 45 R - e S RE AR K R A IS T AR B 2% L S DT A IR I
REAT 5 B, JF O 4 L B3 B R AE 5 L % v 725 b 4 H 1 30 BT L 2 3 R 100 S B v 7 AT AT AR D B
TE R K s o A AL RE [k & I 25 R B B 0 6 B0 6 PLS A I 45 S 90 UE T 3 BT 5T B 45 L L RR A Ak
o, T A A AL RE B9 T8 R BRI 22 B 1~2 oV, HUR OG0 B 7 B B 35 AT WG I £0 A i B

0116001-8



TR AF AR R R XS S/ S1O, SUTH FL A8 45 48 5 A P T Y 2 1)

B 13 & 89 Si/Si0, | A s £ | ok B AR
Fig. 13 Optical microscope image of the prepared Si/SiO, interface

® 14 Si/SiO, 7@ # PL g
Fig. 14 PL spectrum on Si/SiO, interface
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ARG i BB FEAS UK o= 05 A7 3 AN ] JEE B ) 9HE I o=y A BN [ S ik 2 JRE JEE 1Y Si/S10, S
P10 ELARAR B SR . o J7 A1 E RN 2.887 nm FEAR E 1.047 nm , W o5 41 SEAF B 5.233 eV IF R EI T
5.927 eV, S fLHEEEE M 2.887 nm /N F 1.047 nm , Si/SiO, F 1 REH 45 B 1.62 eV FF 51 1.782 eV, &
Ptk 2 )5 B8 A 51 Y S1/S10, 5T L 1~ 285 45 48 78 10 5 W 158 o5 A7 JRE BE IO 5 R A WL 1 A A A AR AR AR 1B
H AR A A B AR A 0 K i ol IR R AR 1 S B Y B %'J%‘ﬁ;‘ﬁ%ﬂy‘ﬁ#f“ﬁﬁ Si/Si0, J T 4 HL bR KR 78 18
4.5 eV B A7AEA fL 0 B Si/S10, 57 T 4 A ik J= P JEE IR, A ri WA 17 oy R Sk 77 1) WS RS 2l , LA FiL 0 £ e
{ELAS BT T 7 EGeVEﬁi&,Si/Si(’)Zﬁﬁ?ﬁﬁﬂ‘?&E@@E%ﬁ%m%Tﬁiﬁ,#f%ﬁﬁi—ﬂ%%ﬁ‘@ﬂio Si/Si0,
FLIHIAE 6 eV BRI 77 75 — A M Wi i, Si/ ST, F T I8 We 2% K 1% I Wi 0 £ e o ol 0 ek )2 5 JRE o R i I 5 T
e, ELUGE A ] BE DT [ FEAT RS Bl 7 A T ERS . AT DL R 5 ] Si/S10, S AR AL i 2 5 BE AT R R 45 Si/
Si0, 5 11 (4 B T A 25 MDOG A o, il 5 | R 2l 728 R U BRE A 1~2 eV IX (A o 7ETH 3R E 5T A
fifh b, SRITANFD kb O PLD Jy vk il 48 1 S A0 ik bk S IS5 A AR i, TR T 1T 532 nm B0 R X R E
1 PL &GN &, 75 670 nm (1.85 e V) Zb W4 3 1 ¢ i 7 25 19 5 KOG W, 16 3T 21 0 i Bk B A 1 Jm S 1Y
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Influence of Silicon Oxide Layer Thickness on Electronic State Structure
and Optical Properties of Si/SiO, Interface
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WANG Zilin®, WANG Ke*, LIU Shirong’
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Abstract: The bulk a-cristobalite, the thin film o-cristobalite with different thicknesses and the Si/SiO,
interface with different silicon oxide layer thicknesses are all direct bandgap semiconductors. The thickness
of the thin film a—cristobalite and the thickness of the silicon oxide layer at the Si/SiO, interface gradually
decrease, and the bottom of the conduction band moves continuously to the direction of the high energy
level, and the energy band gap gradually increases, showing an obvious quantum confinement effect. The
overlapping hybridization of the total density of states and the density of partial electronic states is
weakened, and the valence band and conduction band of the energy band structure are more sparse. As the
thickness of a—cristobalite decreases from 2.887 nm to 1.047 nm, the band gap of thin film «—cristobalite
increases from 5.233 eV to 5.927 eV. As the thickness of silicon oxide decreases from 2.887 nm to
1.047 nm, the band gap of Si/SiO, interface increases from 1.62 eV to 1.782 eV. With the decrease of the
thickness of the silicon oxide layer at the Si/SiO, interface, the quantum confinement effect is prominent
and the energy band gap gradually increases. The bottom of the conduction band of the Si/SiO, interface
moves to the higher energy level with the decrease of the thickness of the silicon oxide layer. The electronic
state structure change of the Si/SiO, interface caused by the thickness change of the silicon oxide layer is
similar to the electronic state structure change caused by the thickness change of the thin film a—cristobalite.
The density of states and wavelength division states of Si/SiO, interface with a thickness of 1.047 nm are
all lower than those of Si/SiO, interface with a thickness of 2.887 nm. As a result, the energy band gap is
reduced, and the overlapping hybridization of electrons is weakened. The Si/SiO, interface with a silicon
oxide layer thickness of 1.047 nm has a very steep peak at —19.5 eV. It can be seen from the total density
of states and partial wave electron density diagram of bulk a—cristobalite that this peak mainly comes from
the contribution of 2s electrons of oxygen atoms in silicon oxide layer at Si/SiO, interface, because the
energy of 2s electrons of oxygen atoms in silicon oxide layer is higher than that of 3s electrons of silicon.
Near fermi surface, the density of electronic states at Si/SiO, interface mainly comes from the contribution
of 2p states of oxygen atoms. The calculation results of optical properties show that the imaginary part of
the dielectric function at the Si/SiO, interface has a dielectric peak near 4.5 ¢V. With the decrease of the
thickness of the silicon oxide layer at the Si/SiO, interface, the dielectric peak slightly moves to the high
energy direction, and the peak value of the dielectric peak keeps rising. This is caused by the decrease of
the thickness of the silicon oxide layer in Si/SiO, and the increase of the band gap of the Si/SiO, interface.
As the thickness of the silicon oxide layer decreases, the Si/SiO, interface state density decreases near the
left side of the Fermi plane, and the overlapping hybridization of electrons is weakened, so the energy
consumed when the electric dipole is formed inside increases. There is an absorption peak at the Si/SiO,
interface near 6 eV, and the peak of the absorption peak of the absorption coefficient of the Si/SiO,
interface also increases significantly with the decrease of the thickness of the silicon oxide layer, and the
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peak position moves to the high energy direction, resulting in a blue shift . Therefore, the electronic state
structure and optical properties of the Si/SiO, interface can be effectively regulated by controlling the
thickness of the Si oxide layer at the Si/SiO, interface. In the experimental part, the nanosecond pulsed
laser deposition method was used to prepare silicon oxide and its silicon thin film, and the oxygen—-blowing
annealing was performed at a high temperature of 1 000°C , and the growth thickness of the film was
changed by controlling the annealing time. During PLD fabrication, a nanosecond pulsed Nd: YAG laser
with a third—harmonic 355 nm laser beam was used to deposit silicon crystalline nanolayers on silicon
oxide, thereby constructing edge electronic states. In the photoluminescence measurement, the edge
electron state on the Si/SiO, interface sample has a strong luminescence peak at 670 nm; under the
excitation of 532 nm laser, the Si/SiO, interface electrons can be excited from the valence band to the
conduction band, and enter the edge electron state to form a strong quasi—excited light peak. The
experimental result verifies the results of the energy band calculation: growing a silicon thin film on silicon
oxide can form edge electronic states to effectively reduce its energy band gap and maintain its direct band
gap characteristics. The electrons in the electronic state at the edge of Si/SiO, interface can also be
transported to the lower partial wave state, forming a luminescent band in the near infrared band. The
detection results of the photoluminescence PL spectrum of the silicon crystalline thin film structure sample
on silicon oxide verify the results of the computational study. The edge electronic states on the sample
narrow the wide direct bandgap of silicon oxide to 1~2 eV, and the position of the luminescence peak is
covering visible light and near—infrared bands, thus, the silicon-on-silicon thin film structure will have
good application prospects in the fields of light—emitting and photovoltaics.
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