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WHEA BLZ 73 5 34T 8 76 & (Boron, B) Fl T &
(Phosphorus, P) %% W]: @ &B I LA
FEAES 5 AR RN S TR AL, BRI AE HL e
B s g 0 Pl HB, PoogE Al
Tk A J5 A F AT st TROBLBR B S A T M D, A
RE X AL 1 A1 5 J2 1) FL AT A 3K A 0 2R AT A R0
5. FLHASCHR [13, 14]) 193 ik s 50 00 I 15 2 Y
BMNWHEESB R B, PJa ) —2oh d ki, 23 2
T BIRIA BN, KT B, PB4 HOGHME i
S PR B O A0 AT R DL ARE. Rk, N TR A
A B, P45 20 BACRE G FE BT B AF FH LR,
B TN A0V Al 45 % Jm HOG FAME T AR AL, Dy SET
T 55 R0 52 Br B2 $2 AL B AR A1 22 AR iz H
55— Mk R B A vk D010l S T T R R
(density functional theory, DFT) [¥]~F [ # Jik %
% (plane wave pseudopotential, PWP) A1~ SU#H
BEIEALL (general gradient approximation, GGA) J7
1%, R ARAEDS B-SigNy B 18 DL 2 45 24k R dk
T4k, 2 AL B, PN BB R AL S A ou R X 6-
SigNy H St #EAT BB 2%, 70 Mot AN [E AL B L W
JE45 2% BT Ja AL B-SigNy HL 7~ 45 # A1 % 7 10 5T 1Y
k.

2 EpEA At B 7k

B-SizNy A& SisNy [ w1 i AH & A, J& 7S M i
R B P63 m. AR SIS B, HA A 2L
a =0b=0.7607 nm, ¢ = 0.2911 nm, a = S = 90°,
v = 120°, #%E B-SigNy 12 x 1 x 2 FEAE A S0,
AL 8 4N SigNy 4313 56 AN 1.l M 25 44
1 AT7R, BTARIE R K A € Si R 7233847 B, P &1L
BARIAE, 5 SR AN NET, % cTim
MAEE &, 7 3ARIE N Ny, No, N3, Ny, HA1 Ny, N3
FLJFE 7 F1H, 5 N3 1 a 77 A AL AR 48 XHE BE K, Ny,
N3, Ny &b T (2¢) Aebrfi &, No F1Si kb T (6h) Hhx
BT B-P ISR B EAE 1 ARSI
(R EAt) AL P EACH FRALE b Si (KA th) R
RS

T8 T DFT 1P [ 9% 5= 20 88 35 07 32, ik
F GGA #F 4T 22 #e -5 BE g8 10 i 5081 I R A
(PWOL) 19200 L AT 18 1E, R FH 8 3 35 Jli id &5
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ST TH i AR BT B 08 B R 310 €V AR IE & AR & A
SRR BT HE 58 45T T /KPR iesk, A B
[X (Brillouin zone, BZ) (AR 73 1+ 5 R k M £y

4 x 4 x 9FIMP (Monkhorst-Pack) *!] J5 5. i ]
Pulay % FERAVEAT HIGHMEHE, BRHERA
5.0x 1077 eV-atom 1. THE X BT g5 R
1k, ¥IKH T BFGS (Broyden-Fletcher-Goldfard-
Shanno) H% 22, S B PUAM AL S5 JET R
H AR 0 W SR HE B9 0.01 Vonm ™1 LR
T REE MU SR AE R N 5.0 x 1076 eV; SRR A B
JI U SRR HE 58 0.02 GPa; T 1 i KALFE IR Sk
FRUERE A 5.0 x 1072 nm. S5 HHENNESHET N
N-2522p3, Si-3s23p? LL K B-2s22pt, P-3s23p>. 1144
TAE &8 it 3 [ Accelrys 2 &8 FF & )3T DFT H
CASTEP &1 32 2324 52 i 1.
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3 HEEZR5itih
3.1 SRRl R
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W ZHANR 1R, R4 6 RE (By) FIE e
(Ep) (1), (2) AP, K B &S RE; Equ 20T
AR T HHBER SR, BN, £ RB A B-SisNy 1
SBE; psi M g AR AUSI(EN) JE 7 A48 2% SR 5
HItL 3.

Eb = Et - Esumv (1)
Ey = Ey — EgiyN, + Nsiftsi — Nx - (2)

455 Re AR BCRR A TT RAE & M 1 AR E B, B
BNk R E. mRP RSB P B ARSI
Ji 5 B AN E T 5 8 BCRE Z 68 —5.389 €V,
BEHEMRSIH T 5 BNANE TG MK REZEMEN
—7.425 eV, HME T NJE-F &AL, Si I 7 4 & A7
Jo i BRI IR R B A Si T 1 AR R
HRE. 1KY B-SisN, # &R mAai)s
FSHCG SR [17, 25] FEA 3T, M LLsRae g 2627,
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e
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it
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RESAN AT (10717 ) IR IR AL EL, “ B A rh L RN B
5, PBARIRZ. KB FVERRE 1 3T AT Y10
FLPURI B, P H45 )5, P LB 45 & E A h
TEN LA AR BOE A AR, IV AHEE BB 2%, P
BAKIZR R REHE R ER A “ B A b0 fE R, [
AR LIS 2% TS B B 4 A PR AR R AT R SR

3.3 AFMR

o 2 A2 R T AR AE A L T 45 A 1S R 2%
G, AR R BT T B R R
P iETEE A M. B E N He(w) =
e1(w) + ieo(w) FIR T 9 57 75 e 1t 0 Bl Y 190 2
5, MR Kramers-Kronig 8 5¢ & il HL 1 ERE
N2 1) 78 SR HE T R AR I A R R TR SR B
FREE IR, A HL RS g (w) AR B 22 (w)
IS A 20 R B P2

8m2e? 2
=14 —". A3 K ——
e1(w) + p— \%/BZ 2n)

% ‘6 . M\/’C|2
[Ec(K) — Ev(K)]
h3

g [|Ec(K) — Ev(K)[? — h2w?]’ 3)

e(w)—ﬁ Z{/ AR le- Moy (K)|?
2 m2w2 V.o BZ (27-() cv

< BIEC(K) — By(K) - fm}, (4)

Forb, CHIV J3 AIF TR St AU i, BZ 25— B
WX, moAIKRL T B, KONBIRR R, w AR,
le - Mov(K)|> AEhEHFETG, Ec(K) M Eyv(K) 4>
A G I B AR REZR.

B4 (a) /20 HL R B0 B0 0%, E 2 e 7T
FERE R IA) AR AL HE. ASAE 25 A A B0 B0 350 38 A2
4 eV MEIEAFAEE GRS BIE, 1X— e 5 1 B
(4.32 &V) AHXFISL; 7F 8.68 eV T Hi Bl i, L 2
Fe Al TR N-2p 25 1S 47 TS 19 Si-3p 25 HL 1 R
ISR, SAIERHLL, B4 5 WA 5 B2 #0A BE
1K, S5 I E REIRECR, kg mIK R Ty ) K AR
LLF%, 1 eV T BUR K /NE, X322 W B, P
BN 2R T RE 205 AR L FR A e THURA S 785 JES 2 [R) £)
HFRRIE S, JL95 5 ik 2k g ) w e 7 1 R AR IR
B, FWe e 0 /NG, X T A AE LEAERS, k45
JE HI T AR RE L BOME F, A 2 S R i 22 T £
HLFERIE I G PR IE, R TE 2 IR AN Al
TERILE T

AAEZ B P G R #1458 LR LB 5 1 &
Bt an i 4 (b) s, MEAMEDR, 5245 51
TR LT RS L R A A L WA IR, B KV AE 10 eV
BT RSO0 = YR T OR AS HL T AEAN e TR 5y
JEZ AT R RRIE, PR MAC U L ) ik /N2 B 4% 2 114 45 sk
DT HTFRIERIE. B4 0 T B BN 0, 0
(ELBME XS AT — 2 R, IX R N8 R ff
BRAR A BESEIRINHE 2 I BUIREE &= A 1, (23 T
7 T 7 (14 (] BRAE

B 4 (c) B NAE S A5 244 5 T BE = 45
Kk, BT BTSSR A SR RO S 1
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PR B B DR g f B 4k B o7 B e T 2
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HHET A Y, BAMEAS 2, BB AR ZHE X,
M P 5% J5 Z A />, 24 B-P B0 Bk, 18
SR 390 B B P 1R A = A 2RI K, X
YU B-P LB AR K FLBR BB IR B iR/, 1%

2 Rk — B AUEW] T X S BOMOREEEAT 45 1 B 4 B,
P 3B IR0 R, S JE SR B R AT 45
EEAI R 3645 2 4 ) LR RE 0 I B AT AR R R At 1
HiRZ%.

K2 AFEBA MR R A R R

e o) A EEH es /a.u. HIANHEH eopr/au. ZMl Ae = (es — eopT)/a-U.
B-SigNy 3.30 0.75 2.55
B-SisN4 : B 6.50 0.90 5.56
[B-SigNy : P 2.70 0.90 1.80
B-SisNy : (B-P) 1.94 0.88 1.06
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Abstract

The electronic structures and optical properties of boron/phosphorus mono- and co-doped 8 silicon nitride are
studied by the first-principles plane-wave ultrasoft pseudopotential method with the generalized gradient approximation.
The results are obtained as follows. The B-doped system has a better stability than the P-doped system, while the
P-doped structure has a stronger ionicity. The mono-doping and co-doping can narrow the band gap of g silicon nitride
while the co-doping introduces the deep impurity levels and strengthens the localized states. The mono-doping causes
the imaginary part of dielectric function, the peaks of absorption spectra and energy loss spectra to red-shift, and their
amplitudes to decrease, resulting in a significant difference from the intrinsic state. The co-doping induces the peak of
imaginary part of the dielectric function to blue-shift, broadens the energy loss peak, greatly enhances the electronic
transition in the high energy region, and controlling the ratio of the numbers of atoms (B and P) in co-doping can achieve

a low charged defect concentration, implying its potential application in the field of microelectronics.
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