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Figure 2 (a) Band structure, (b) partial wave electron density of states (PDOS) diagram, (c) projected crystal orbital Hamiltonian populations
(pCOHP) diagram and (d) the electronic local density (ELF) diagram of KBBF in the (001) planes (color online).
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Figure 3 (a) Comparison of the calculated and the experimental birefringence, (b) the change of d,, with the cut-off energy, (c) refractive index
dispersion curves and the shortest phase-matching wavelength, and (d) the electron density diagram in the VB-1 region and (e) the charge density
diagram of KBBF. Purple ball: K; light green: Be; dark green: B, red: O, and gray: F, respectively. The yellow shadow in (d) and (e) represents the

charge distribution density (color online).
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Table 1 Three representative types of typical NLO materials and the key parameters of cut-off edge, birefringence (An), and the shortest phase-

matching wavelength (4py;)

&=/ nFLHEHE 4] E|2 2P| kil (nm) An@J. (nm) Jpy (nm)
A AL e S
LiCs,P0O,>* / (PO, 174 0.010@1064 502
BPO,™! / (BO,)™, (PO,)*~ 130 0.0056@589 >200
RbBa,[PO;]s"" / [POs]., 163 0.016@1064 460
IR
B-BaB,0, (3-BBO)""! (B304~ / 189 0.114@1064 205
Na,Ca,[CO; 15 (COy™ / 205 0.085@1064 258
Rb,Na(NO;);"* (NOy)~ / 270 0.091@532 >200
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Be 1.89794 1.89794 155903 0.33891
B 2.69086  2.69085 055807  2.13279
o} —233059  —1.59372  —0.77839  1.5522
F —0.89057  —0.89057  —1.28480  —0.39423

1064 nm, LiCs,PO, 18T 4 %A 40.010@1064 nm,
X2 RN ERAR RS RR I (PO, ™ BB T BEX FR b, 2
RS M FEVE. BT AR &AL B Mk
SLHRIE IS, XTI A T Er L Hu A A 1k
BN En LR B & 2 (R, - B AES
AT eI JE R LI A Ak 2 i L i e A 4]
(2 5, AT SBT3 1 K /N 4%, BT KBBF
SR A A n L HE(BO,) T HE ], LR I R XU
B[R B G DY T (BeOSFY 3 (41 15 m St 4
(RI(BO;) ™5 e 05 HEBIZE (001 ) T 1 b, o 2 K4 1
BB S KBBF R S R A5 23 5. 2% B RTIA,
KBBF 2 fT LLEAT 3@ PR AT 3R, 8 ki it
BE(BO,Y M, AR It Hi(BeOsF)  HE M. (HIE
R AL HE K (BeO5F) WY T A 35 [ B2 21 f) 45 149
FIMER], A (E43KBBF &AM, ndbHif(BO;)’ %
P2 AA 1R G i L .

333 SRS

HKleinmanf BRI ATR32 10 45 (R FERTFR I, 7T BA)
WrKBBFA AN 4EZ B W 50 % %0d,  Md,, HHHAR
#E ABINIT I THS A R (F 1 =2d,, 125=2d,4) (&
S2), AT LA A B <3 1E 35, PAW-GGAFIPAW-
LDA =M kA B4 REA—FL DL TE
JES A, FAN =037 pm V', d,=0.06 pm V',
NS K 1064 nmBf, d,,=0.48 pm V7', d,,=
0.08 pm V', iX 53Rk SR M.

M3 AT DL HE A5 000 3R B d | DTk B K )
X 2 VB-1 X 35, AR 95 [KI3d B - 45 & 25 i B o A ]
PLE HVB-1 X B2 HOFFFI2p#iLiE 4 5 i), #od —
A A T A 3 2 T R 1 2 A 2 AR L HEBe O, F DY [ 44
R M PEBO, i =AM MR s STk Xt
KBBFRH 5228 A R T U BB AR 4T 145 5, KBBF
K % SHG R LA 3% TT#R, 1 (BO;)’ H(BeOsF)™
XTSHG RZE ) vimke FEMW, FHEMYm. Hp
(BO,) "M BT k24 52.3%, (BeOsF)’  [ITTHRZI N
44.9%7 {HIRATIHEE W], (BeO;F) 3 HHBeHIO, F
2B R ) B A EAE R, DR B AR S A (] S
PIEH AR HT (BeO;F) %t SHG F L1 57 R B2 50%,
BT LATRAN: 0 5RfE—AMYE A (BeO,F) ™ ThAE 5
AW, AT RER I H 5RSHGH N ). fT AYESHG 5T
BREG IR R R L, FRATIE A 3t HE(BO, ) ~FE %t
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P EYERIVER; Ti(BeOsF) ™3k B (1 57 ik A4 I 4E 45

#hFERA R

RSN ISP L4 fichemen scichina.com. FhFEFHE A f 5 SR HY S5 KR, 118 5 FL 2 AT IR 1 25 90

S5 3k

FRFEE AT b, 6 (BO,) 3 [ 48 25 43 1 BRI 1R
AL AR T H RO A e R A R A A AT
157 T KBBFf“n 3L HE PRI S5 HIRFAE, 615 1% &
PR RENE B 58 SR 45 & AR n 3L PR 5 AN a3 LB 3 1% B
MIPE s, A2 DRUE TR 58 AN T /T RE /DN A [R] I OR F
THELRAE P XT3, ATISEIL T P [
A XS KBBF EAT BE 5 5 i IR 4R A1 57 B ) 5
FEARALVCAC B, BN H AT PE— BE % 7 H AR 56 o
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AR DT L e 28R 58 A 0t A A R 2 T o A
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The dependence of crystal structure and ultraviolet nonlinear optical
property of KBe,BO;F, by density functional theory and n-conjugate
confinement
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Abstract: KBe,BOsF, (KBBF) is currently the only commercialized deep-ultraviolet (DUV) nonlinear optical (NLO)
crystal, and its crystal structure is one of the most-utilized templates for the rational design; therefore, the understanding
and elaboration of its structure—property relationship has an important significance. Herein, on the basis of density-
functional theory (DFT), the bonding mode and the electronic structure of the KBBF are deeply investigated, and the
contributions of the component groups, i.e., the BO; n-conjugated group and the BeOsF non-n-conjugated group, to the
DUV-NLO properties are explored and explained. The “m-conjugated confinement” feature of the KBBF structure
allows it to achieve the highly desired balance between the wide band-gap and the large birefringence, and eventually
enables KBBF to achieve the second harmonic generation in the high-energy DUV-spectral region. These understanding
and elaboration of the “n-conjugated confinement” may provide useful insights for the future design of the DUV-NLO
materials.

Keywords: nonlinear optical materials, deep-ultraviolet nonlinear optical crystals, KBBF, DFT, m-conjugated
confinement
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