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First-principles study on the interfacial structure and electronic
properties of Si(100)/SiO: heterojunctions

Tong Yujie"", Tang Jingjing, Gong Ruijian

1. Guangxi Minzu University, Nanning 530100, China

2.Ningbo NO.4 Senior School,Ningbo 315100,China
Abstract: The intrinsic interface configuration of Si (100) / SiO2 was optimized by PBE functional, and the electronic structure
was checked by HSE06 hybrid functional. The interface forms a continuous Si-O covalent bond network, and the interface
binding energy is-1.89 eV, which is consistent with the numerical range of the existing literature, proving that the interface is
thermodynamically stable. The HSE06 calculation confirms that the Si-3p and O-2p orbitals are strongly hybridized in the
valence band region, and the derived local interface states fill the intrinsic band gap, so that the heterojunction presents the
characteristics of band gap-free weak conductivity, eliminating the calculation error caused by the underestimation of the PBE
band gap. The reduction of electron tunneling barrier by orbital coupling is the microscopic essence of interface conduction.
The results clarify the contradictory mechanism of ultra-thin SiO2 'insulation passivation + interface tunneling', and provide an
atomic-scale theoretical basis for the optimization of TOPCon tunneling oxide layer process and the coating modification of
silicon-carbon anode.
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Fig. 1 The initial structure model of Si (100 ) / SiO2 heterojunction
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Fig.2 Geometrically optimized Si (100 ) / SiO 2 heterojunction atomic structure

ARSI T 5 Si0A R SR T HEAT LS, SR KA AL, OREE T AR R AR S FA RO, i
IR AT A B, RS AT RO L SERE A R R G R RIS R AE . ST AR 48 2050 A ) Si-OB
EHi, ESUSIOF TR A ARG ENE . GRFIE S T A MERE M St LA, By B AR
TER S B S AT RS IR L 1 45 RT 32 .

FHH T st R A Si-OBH K S I (B L, ST OJ - HUiE 2 (B E B AR AL, EARAL
AR TR AT, R EA RIS RS ARG R SCRETT 5 25 5 B AL I W12l 1 25 R AL
AL

31



$2% B SRR AR H5H

4 HFEER T
4.1 ET PBE 5 HSE06 Higs# L

BB 25 M) 2 RAEM R L FRRIT RV . % SR B S MR A OB KR, RS BV It
EEMAT . MRS RN, RIS AR AR T B, BAR
A AR A 56 FE 20 M. 1 eV, B T UL ety B 34, iR N AR BOR IR EERUIC, A rtae
RIf: 20 SIOARAET S FERIL9 eVEL |, RIF AL N IR —HESWHRRE S, FHi
JRFHAH AR 2 TR AR A R s o A R, R SR e A, SO R AR A R AE

ASCTHEAF RN HISI(100)/Si0- RS Re 454 (CanlEl 3FR) R, & FEE RMReH A0
Hairk, i FAHMEFE R EER . FIRERRTORBAAL T 25 A S, SRHRERE
AR5, G JE T R AR BAE S RORE R TAS, K E B HUR Re T Re U 8 A T 251 X
], HRER TR RAMERBR, KRR M LSS T 010, e B PR AR

A REW, TG SUSIOANE R 2 AR E A, A0 5 (10 5L i
DX 3 S IR 1 5 R, R FLT G5 S AT . X — O3 SE SR MR 1 9K Ak SR 8 R v ke A7 7
S IR IR fEa TR RAER T, s A F TR b se g, G FERIT 2,
BRI IBE IR, YUK REMOSEHF SR i DHFETH = AL OO BRI T ASHIE 7258 5 B
VS, ML RBEIESE | AR SR F A ) B, 5835 1 T 280 57T P 2 RV PR TOUL B2 16

KH HSE06 Z&Abiz kXt A — AL E5 i B O et ik 5, a5 R4 . RIUER A kiR
A SiO. a7 B i) HSE063Z pFl, Si/SiOa5 /it 45 P K BEHAMK IF A ST 78 A8 B %, AR RATIIC 2 A%
i ORFESS &R FHURHIE . AAHSIOfE HSE06 N AARME TEs BRAGL AR, RSN AT IS4k, H
THEAIE G, Si-3p50-2p PUETE S KA SR, TEJFEEE XA AR BOE SR IR A, &R0
CEERAERR . P SIE AR R R . Xt PBES HSE06 fEAE Al LUK EL: HSE06 AR THAA
SiO- T REd, (ATCVETHRR A FE A R FIES, 3P UESEALE Si/SiOFHH B i 4 T H
I R ARHE A &1, IFAE PBE V2 BRARAN A BT R THRR 2 o %4510 58 3 TOPCon HLIH R 5 B2 -
SIO AL, (AFHHIRIR T HL, BESEIU Bl EL R FR R piee BRI, N A8 TR g, W&
A P S0 2 THI A R A Ve S8 2 B8 2 B [ DU T RE L3

Energy (eV)

3 Si(100)/Si0O. 57 i S R 4514 Bl 4 Si(100)/Si0- 5 i % b HSE06 4544 &
Fig. 3 The band structure diagram of Si (100)/SiO2 Fig. 4 The band structure diagram of Si(100)/SiO2
heterostructures heterojunction HSE06
4.2 PUBR U ERRFESEE DT
Nt — R TR H T AE SRR 5 0 A, IR A T L], AR SONAR RS R

(TDOS) 57y &%E (PDOS) AT E BT . SAS A [ 4 REE X 8] 1Y L T & 0 A 5 B,

32



$2% HIAE F5H

AT USRS AR T ARHUESHE R B FSITTER, R T H0E &S L]
[ EEF B,

TDOS (Ul Saffizn) S5REH, Si(100)/SiOF sk & P& fmiEs: A e, marE
FAEPE-12~0eVEEEIX [A], HFEDAMEHEE: P FESME~12eVAEEXE], HF2A 70 A AE X
Wil POKRERASH A RNZE, H—BVEE T B8 o b SIS AAE M 518, U] S X A1
RENZ5FHRMEHETE, ZAMES SRR BRI .

PDOSHUIE (Wil 5b. B Schin) /R s, AN XN B FSEZEHO-2pHEE S
TR, OJFF2pHlild T B4 0 A T IR 7 XI5, A& SiOA 2 FLFE5 A IIAZ O SRR s 1 2 K e et
T RS T A T ZE R Si-3pPUE L7 B, SilEF3pHul B FEAR T X A AR KB R T3, 2
B A TE A% OB o[RS A] LS 223, Si-3p#ilil 50-2pHUiEi £E—8~0 eV 1 T At & [X 8] A = i
HE, FPRG . BB 8, AUER R HAASIRE T 5057 KA T ) p-pPliE R EH .

BB Z Al A B A% O T4, Siv O T HIRENE Z A AE A, 1IE BH 510 5 R) - AR 187 5 )
VSRR, TR TN T AR A LA B, N RUE R TR T SUSIO 45 FesE . 45 RE
RO AR B (€] o

NRE—PIRAE IR S AR AT e, MUEE PBE VZ BT HIRZ T, RA HSE06 24k
PHRITEARRBEEE S0 ESHE (PDOS) , FRME 5d. KB Se. B SR,

HSE06 THHEZEREH: O T 2p FUEHTEEST A T-13~3 eV WX ], FKAEN
(0eV) 4 O HUEJLT-LH Foilk, ENIE4E SiO.fF HSE06 N AT AL i; Si i1 3p #h
ERRAEAN T X KRB AT AL, EFOKRE R TR AR T A%, BRI PR EL: i
ME—HUE R TE-12~4eV RERIEHN, Si-3p 5 0-2p PUBEZE LA KGR EA . DA R
W, BUESE A R A 5RE p-p BLERAL. BIE HSE06 RIRSHERIITAAAE SiO-BR, FrIHHERS
BHTAR) St BRI A A VIR RAESEY, f 208 B R4S To 2 W B S IS 5 FUARFAE

ZE AR T PBE Z B BRACAE A R TR R, IESE SUSIO RS o . S 55 5 L2
FHIAAEANTE A AL [E A P B & M . HSEO06 (UAE IESRARARAR M BT BR 28, Taik o8 ST 48 i1
6] p-p FUEREIER, KICEMERM SO HASHENTE, S AATAE R R SR IBRE AL,
20 WAL HE R R v S R I R & @ Ak . MHLERZ AR TOPCon FRMMLETH SiO-P% %
FACE R SIOAMRMKEETE T BRSEIL LRI, SVO S A Sk T BT, (RIEEIR
TR s, NGRS AR T 2RI At ek R S .

33



$2% B SRR AR EIRE

= ——— /

B 5 BSRESHIWIEE ARSSEHERWE:b.Si 9B &R c. 0 S REFE B 1.7 R4 HSE6
AT R . Si-HSE 235355 B Bl £.0-HSE 2555 K B )
Fig. 5 The total density of states and partial density of states ( a.heterojunction total density of states map ; b. Si
partial density of states spectrum ; c. O partial density of states spectrum ; d.heterojunction HSE06 total state density

map ; the Si-HSE partial density of states spectrum ; f. O-HSE partial wave density of states )
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Fig. 6 Two-dimensional differential charge density profile of Si (100 ) / SiO2 heterojunction
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Fig. 7 Three-dimensional differential charge density section of Si (100 ) / SiO2 heterojunction
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Fig. 8 Two-dimensional ELF section of parallel interface
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Fig. 9 Three-dimensional ELF isosurface of Si (100 ) / SiO: heterojunction
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