NP =N A\
5540 % 55 6 3] = B 7 %l Vol.40 No.6
2023 4E 11 A CHINESE JOURNAL OF QUANTUM ELECTRONICS Nov. 2023

DOI: 10.3969/].issn.1007-5461.2023.06.010

N ASRKETFITRESHKIESH

FHAI, B EL R kEe
= M2, & B2 P EL?
(1 ERFEB AL B AR 78 BT Th RS S A S0 R R B T 5eah =, JEat 100190;
2 R E R B AL AR T AT A O E At =, b 100190,

3 FREFR AR RE, JEET 100049;
4 F RS TREARPIAR, W& FFm 250000 )

OB &WIAEA RN ER TN E TR R 2 58 R B KR BRSSO I R K T 3R
IR IR B K O E R B AR A S — MR S N A S R B S5 S L T T
T, RGN T S KFRIE A0 BT (B B BT 0 ARt . 7EUREERE b, B E T &NIA B T2 ahA LA I 7
1) oF 4= WA fig s RN BRI 2, R LA NI 7E<1 0 0> dh [ i 2 52 L3R, fE<D 1 1> fRfase . 4 T &N &
PR AT AAE IR BRI A RATR , Z i 45 SRR ARG B <1 1 0> NS IRIRE <L | 1> R IRIN hi7 2 1 25
R [FIBFTHE TR RE XN 2 75 IR IONLEE, v NI 7 2380 BRI T DL K Fh AR A T B KR

X A Rt O RS BRI SNIA R

FESES 0734 XEkFRIRE A NEHS: 1007-5461(2023)06-00899-18

Band calculation and spectral analysis of diamond crystal

LI Haidong'*®, SHEN Yu'*, WEN Ya*, ZHANG Shenjin'-**,
ZONG Nan'?, BO Yong'?, PENG Qinjun'*

( 1 Key Laboratory of Functional Crystals and Laser Technology, Technical Institute of Physics and Chemistry,
Chinese Academy of Sciences, Beijing 100190, China;
2 Key Laboratory of Solid State Laser, Technical Institute of Physics and Chemistry, Chinese Academy of Sciences,
Beijing 100190, China;
3 University of Chinese Academy of Sciences, Beijing 100049, China;
4 Institute of Optical Physics and Engineering Technology, Qilu Zhongke, Jinan 250000, China )

Abstract: Diamond has the advantages of high thermal conductivity, wide spectral transmission range,
large Raman gain coefficient and large Raman frequency shift. Therefore, it has become an important
Raman medium to expand the wavelength range and obtain new wavelengths with high power and high

beam quality. Based on the first principle, the lattice parameters, band structure, density of states and
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phonon spectrum of diamond are calculated comprehensively in this work, and the structural
characteristics, spectrum, band gap, and electron distribution characteristics of diamond are systematically
analyzed. Furthermore, the electron motion state of diamond and the effects of the polarization direction
of electric field on the band gap of diamond are analyzed. It is found that the crystal direction of diamond
most easily affected by electric field is < 1 0 0 > and the best stability is < 1 1 1>. All intrinsic vibration
modes and the corresponding frequencies are obtained, which shows that the Raman gain of diamond is
the largest when the pump light is propagated along with the < 1 1 0 > and polarized along the <1 1 1 >.
The multiphonon absorption mechanism in the spectral region is also discussed. The work provides a

theoretical basis for the improvement of Raman laser efficiency and wavelength expansion of diamond.

Key words: nonlinear optics; spectral analysis; calculation of crystal band; first principles; diamond

crystal
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Fig. 1  Multi-electron model of diamond tetrahedron. (a) Structure of diamond face center; (b) Polyelectronic structure

of tetrahedron (Red balls represent electrons, and green balls represent carbon atoms. )
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Fig.3  The <1 1 1> crystal plane of diamond crystal
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Table 1 Comparison of GGA calculation results, corrected results with LDA results in reference [41]
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Table 2 Quantum number of diamond
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Fig. 6  Energy level structure of diamond carbon atoms Fig. 7 The state density of diamond
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Table 4 Vibration modes, frequencies, infrared and Raman activity intensity at high symmetric G point

AR IR Jem! A IE(N,) LLAMETETR /A P B i PR /A
A, 0 1 0 0
E, 0 2 0 0
E,, 788.73 6 0 0
B, 1102.28 6 0 0
B,, 1223.45 6 0 0

T, 1325.83 3 0 279
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Table 5 Phonon frequencies at high symmetry points and related experimental values™**** (unit em™)

X A L i ] S S ZH S BT RAE

G G(0O) 1332.4+0.01 1332.5+1 1315+1
X<100> L(A. O) 1170 119143 1184+21 1212+1
TO 1088 1072+2 1072+26 1086+1

TA 786 829+2 807+£32 788+1

L<111> LO 1245 12564 1242+37 1261£1
TO 1208 1220+2 1210£37 12211

LA 1009 1033+2 1035+32 1065+1

TA 572 553+2 552+16 550+1

K<110> 2,0 1236 1239+2 1232427 1245+1]
2,0 1112 1111+1 1110+21 1106+1

2,0 1051 1042+2 1046+21 1069+1

A 986 99243 1009+16 1019+1

A 982 978+1 972+16 9831

A 748 764+4 765+21 752+1

W<210> LA. O) 1164 1146+1 1168+53 1177+1
TO 1012 101943 993+53 1006=1

TA 915 918+12 918+11 922+1]

NI L SRS SR HUE D9 1332.5 em™ (~7.5 wm)' ", HXE R (XA 10 2665 em! (~3.75 wm), KA 1)
VEFHYE I AR 3.75~6 um I By A dB 8 75 o (H SIS 5 pum I, 4 2398 0t B i PR st B IR E B  2 SCAE
H, Wi R0k I i KA FEAISE 0.5 em 243, WRSCR BRI . BRI, X BLANCF 8 7 XU -1 VG A 3.75~
6 wm G X RSO LER o
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Table 6 Dual-phonon absorption combination, absorption wavelength and absorption coefficient of reference [66]

i AFHE PeH/em! FA/um Wi S em !
a S A+3,A 1735 5.76 1.79
b S A+3,A 1771 5.65 2.34
c LO(L)+TA(L) 1811 5.52 3.24
d 3.0+3,A 1858 5.38 498
e TOX)+TA(X) 1874 5.34 5.43

—h

3,0+3,A 1997 5.01 10.60
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Continued
' AfHE WU em™! HEK/pm W R E em!
g L(X)+TA(X) 2000 5.00 10.74
h S A+SA 2002 4.99 10.65
i 3,0+3,A 2089 4.79 7.65
j 3,0+3,0 2175 4.60 11.06
k L(W)+TO(W) 2183 4.58 10.05
1 L(X)+TO(X) 2298 4.35 5.41
m 3,0+%,0 2314 4.32 3.01
n LO(L)+LA(L) 2326 430 2.37
0 3,043,0 2351 425 2.56
p 2L(X) 2424 4.12 4.17
q 2TO(L) 2442 4.09 438
u LO(L)+TO(L) 2482 4.03 4.32
r 2L.O(L) 2522 3.92 433
S 20(G) 2630 3.80 0.74

RO, G5 N g I LO+TA) RS TE m AR X 7 1) _E, LA TA SRR K IR S IR AR N, XA R

[661RIE ] 4.63 pm $EITL . 7% 6 T IRUA T IR & B AR AN RERAURE L BLVE T P9 P A7 B R RO L EE, 1ELT)
ENE X A 2 B g AT AARE, AT AR AL & 0 FE V54745 20 5, R EAN 0 HEOT R S A Bk FE (Y 1, 2 BEAS
e 4.

80 -

Transmission / %
& D
[ = S

33
(=)
T

35 4.0 45 5.0 3.5 6.0
Wavelength / pm

16 £RIAT3.5~6 wm Abi% 560 2k
Fig. 16  Transmission spectra of diamond at 3.5 - 6 pm
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