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Fig. 1. Crystal structure model of KBBF family.
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Fig. 3. Ball-and-stick representations of NH,Be,BOsF,
(ABBF) 8,

2.1.1 A A [Zn,BO,Cly).. 2k At A A

7 S5 O3RN 22 40 e 45 B 38 5 KBBE H i)
BeOgF PO A 4024 ZnOs X MUTHAG L T — &
H] NLO fifk AZn,BOsX, (A = K, Rb, NH,; X =
Cl, Br). H AZn,BO,X, (A = K, Rb, NH,) 7¢
LMK IR PR R A A DR L, 25 [ #fF 5 KBBF % fh ik
[ oA R32. B T LK 1 [BO4~ = M JE Al ZnO4Cl
VO TE A M 722 R I R8O, , (A5 B A TR R AR A AR s
J& KBBF M52, il Zn—O AR Be—O
HE B B [ZnyBOsCly) o J2 1T LAY 55 [BesBO3F,) o

}:' WIZS &g, AR TAEE2E KBBF 451442

>3 1 ) B 45 A RE A DY 2 P BE . Hirh NH, Zn,
BO,Cl, ffAh NH, 1 [ZnyBO3Cly) o 2 2 [ £ 7E
AT 3R Y SV (GniAd 4), i3 HAE ¢ i AR S
PR, ARITREMARRER. I, 7628 KBBF 454
NLO M RHZARZE M rh, 51 A SR B2 1 fiE
AREGIZRIVER] ), TESETHRRHR G2 M RE R )
U R BGEARHI R AR AR A .

2.1.2 A A[Al(BO,);0] Z K7 kK A

LT IC R JE A X M RN, R AR
A B Be?t, HWNAMEHERANTRTE T — &
H1) 3 RGBT 45 A1 2% KBBF 45 # NLO # .
1998 4F , BRAN K B2H Sasaki®045 J1F- 6] 2 38 T
KyALB,O; (KABO) A, % fi A & 24 15 [BOSJ*-
I A1 A AR A —— R R AR KRR R e R
T fR E DRI ZEOR 19 AR KABO Hi [AL;B30g]
LR (W& 5(a)), JZEHETE c i Al-0 &
Pz FEEPHI[ALB5Og) o 2, B4 AlO, MUTH 1A S
AN [BOsP A, E i T = AN BO,* Y U5 T,
1§ [BOGJ*HEFN £ [F]—J7 1f], 145 KoALB,O; HA
1B SHG #508 AAE AT it il ad A
71 /AR EAE R 2 RIVEH 12928 KBBF
1) 15 £, KABO fik)E = dn &, A, B
AT PR SR, R B S nT, ERES
T NA:YAG BOGRIRTAR . = A5 55 F0 DU A% 45 55 = 1K
TR A KABO shiR I ARN DERCTE FEIAK, 7o
VEA . FRVFI T BRI R 5, T DAAE — i AR Tk kb

HARZ A R BV N BRIE.
12 ) B KABO 5& 7 25 #) HE 28 (1 BE filt |
Atuchin ST T —RINHHEZS Koy Rby,Aly

B,O; (z = 0.25, 0.50, 0.75) tL&, kixﬁﬁ% z
B, SRR RRAE A B SR, S, Huang
EEIINA L T 5 —F2 Rb 1 K 6:Rb; 33A1,B,0,
&Y, HE MBI N 188 nm, 55 R LN
0.9 £ KDP. 2017 4F, Halasyamani 255U 2 & i
T B-RbyAL,B,O (1A 5(b)). %k 5 KABO [d]
My, FEARR0 R 2 4% KDP, A% T KABO Sy
T R GR, BX 3 B TR R R T
¥, BE R R D48 S T R R R, M
R A1O, VU TRMA Ry T 38 I 3 F R B8 45 & A i
e R [BOS)3 3 A A oA 3 1 8] 1] g HES.
2002 4, 55 5 A BOSOITE R AR A 2 Hh Ry )
7% 1 BaAIBOSF, fhif, 24 1k 165 nm, H
BB CTL IR, MY ARAEARALN 29k KDP FIfE,
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Ox ® $ f ) e s S
o e °o o ° 0
7n &
o S A £y
B é D0t
©o ? T
Oa & & o °
R o oo 000
? 9
¢ & ¢ ¢
< | & & &b
|] L 1] | ‘oo I ., o0
b @ b ; ;
& .-;L\-—.&w
NH,Zn,BO,Cl, KZn,BO,Cl, RbZn,BO,CL,

B4 AZnyBOsX, (A = K, Rb, NH,) R {2 iy g 02-51

O«
O =
e PN
©s
&o

B 5  KABO F 3 fi (A4 44 4 Al [50-52]

(a) NH,Zn,BO43Cly; (b) KZn,BO,Cly; (¢) RbZn,BO,Cl,

Fig. 4. Ball-and-stick representationsof AZn,BO3X, (A=K, Rb,NH,)series!%-81: (a) NH,Zn,BO3Cly; (b) KZnyBO3Cly; (¢) RbZnyBO5Cl,.

-Rb,Al,B,0,

(a) KoALbByOz; (b) B-RbyAlyB,0;

Fig. 5. Ball-and-stick representations of KABO series”52: (a) K,A1,B,07; (b) B-RbyAl,B,0,.

HA Ry etese vk, & —Rhire i) = vk ik
NLO Fhi&. A iy ¢ Sl A [AIBOSF,) . 21
B, T [AIBOsF,] o 1 =A™ [BOJ?~ 3k A & 45 e 1 If:
48 ALOSF, 4 RHES LAY, 83 2R 7/
HAHEAEF AR ILZ YRR 120 KBBF #Y 1.82
. B EAREPRTIAR AT RbgAl;B3O,F
(RABF) NLO f#ifk. RABF 4%k T KBBF ik
S5 RO A5, H 45 M P [ALy(BO,)OF] . F il 2 5
[Be,BOsFy] 2 U, AR 88 T KBBF #h {&
[BOSJ3~ 34 3 70 ) o B B i) — BCHE S O =X, A
i ELA B AFI9 6 MERE. RABF BB A5 T
RSN, AR A 1.2 4% KDP, JFH 7]
PLSZELARAZ DL [RAF, RABF H1[Aly(BO3)OF]
TR 2 A T AL-F i AL-O Z55E4 5 il 4t
B, JZRER A T B, TR
B G2 1)V JH 1 29 KBBF 19 9.5 %, A 50 58
R T KBBF By2MRA K 2 k.

ﬁt&l‘, Li Fll Chen®F 2010 4F i Ihi% 14

T BaMBO,F (M = Mg, Zn), Xt 48 HE T
B 57 PREE X B 2§ - BE A, 02 [BO,* A HE S
B AR T T HRAEE, JH#RE T BaZnBOsF
5 BaMgBOsF {5l 22 5 i E 2R N B 4 4E
G o R MR T P X — 25 R A
FEHR I T 4 BH B 1 X [BO, 3~k AT HES i i 5 5
w198 B TR MY &R FHES T (W0 Be,
Al, Zn, Ga, Li) %2455 588G MO, 8 MOsF
DU, 2858 [BOSJ>— T8 B —SCHES B a1 24 25
TG T & B PHE T (40 Mgl Ca?t) W%
Grfi[BOsP-HEFIAEEL, 51 RS ARME SRS R AIR.
T ZIAE R B HZE LY NLO ffA SryBe,B,O;
SRR, A A AR SR, BB A
T 45 K 19 [ 32 16 6 & Ba 1 Mg J5 1 3 [6] £ 4%
SrQBGQBQO’? %ﬁ‘] q:' EI/‘J Sr il Be JE%, ﬁﬂ]iﬁﬁ#
B PR BagMgs(BOs)sF; RIRZ LAY (A0E 6).
AL A W 2 Mgs05F5(BO3),) o J2 ] 38 i Mg—F
SENFEIC I — > =2 2250, 3@ % S AR A R 53
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o Sr (a)

9. © 100"

o Ba :

o © 6 6

- B : : =
Be**—>Mg**

Or ® 10 10
-0 o060

LOOO

*0 ‘@

Sr,Be,B,0,

B 6 BagMgy(BO;)sF; A4k by i #4157
Fig. 6. Ball-and-stick representations of BagMg3(BO3)sF3®

Br, MgO,F, /\ififA&d Mg—O 1 Mg—F ({441
[t B—O A TR, (A5 2 )3 B2
YRR 7 S, DT (A2 R 1 2R A K 2T

e I 2 SR R IE S HH BagMg;(BO;)sFs
BATERETIEEL (1843780 nm) | E AR
{H (6.2 GW /cm?) | i& XU (0.045@532 nm) |
BRI REL (dyy = 0.51 pm/V) LI K BAFHY
PFSEPERR, W BRI, A B AR AL

r

o
Ba;Mg;(BO;),F

(a) SryBe,B,07; (b) BagMgs(BO;)sF;
7: (a) SryBeyB,07; (b) BagMgs(BO;3);F 3.

N FELEF MgO,Fy /RN [BOS) > H:H 1 P [F]
BN 5 R, % AR BB A S AR VT L, AR ik
TR, VNS NLO S ARAHRIH T 440
Je . BT L, AR AREEA g | ARECAL MO,
ot MOSF PUTRIA, [5)BEAE 2 18] 5 | A & B A7 PH 2+
(i K, Rb, Sr, Ba 45) ¥4 F| F 4 45 2R &5 44
i) BOy 3 A 78 52 P AT HES, JE s KBBF 45
F4 NLO #48F XM R AH SRR BA5 E R 1 EP

® 1 JREEAE TR KBBF S5 I RRERR 55N NLO APRHASH LA PERE HLEL

Table 1.
connected by ionic bond and hydrogen bond.

Cmparison of structural and optical properties of some deep-UV NLO materials of KBBF family with adjacent layers

EY 23 [ 4ty J I 4% SSMEUED /om dg (KDP)Hidy/pm-V
NaBe,BO,F,20! @ [Be;BOSF,) ., Nat—F- 155 dye = 1.7 x dyyr (NH,H,PO,)
KBe,BO3F, ) R32 [BeyBO3F,] o K+—F- 147 dy; = 0.47 + 0.01
RbBe,BO;F, 2! R32 [Be;BO,F,] ., Rb*—F- 160 dy; = 0.45 + 0.01
CsBe,BO,F, 22 R32 [Bey BO3F) o, Cst—F- 151 dyy =05
NH,Be,BO;F, ) R32 [BeoBO3FY] o N-HF 153 1.2
v -Be,BOsFI R32 [BeyBO3Fy] o Be?t—F- 144.8 2.3

RbZn,BO,Cl,/6381 R32 [Zn,BO4Cly] ., Rb+—ClI- 198 2.9
KZn,BO;Cl, /6381 R32 [ZnyBO4Cly) o +Cl- 193 3.0
NH,Zn,BO;Cl,! R32 [Zn,BO4Cly] ., N—H.Cl 186 2.8
Bey(BO,)F1] 2 [BeyBO3Fy] o Be*—F- 1502 0.25
BaBe,BO,F;4! PG, [Be;BOF,] ., BaX—F- <185 0.1
K,A1,B,O 052 P321 [A13B50¢] AB+—0%* 180 0.45
Ky(1.5Nan,AlLBO*I(0 < z < 0.6) P321 [Al;B50¢] AB+—02- 180 0.45
Ky(1.9Rby, ALLB,O; (0 < 2 < 0.75)  P321 [A1;B30¢] A+ 02 — 0.7
Kq 67Rbj 33A1,B,0, P321 [Al3B304] APBT—0%* 188 0.9
B-Rb,Al,B,0, P321 [A13B304] AB+—0* <200 2.0
BaAIBO,F,/3 P62¢ [AIBO,F,] ., Ba2—F- 165 2.0
RbsAl3B30, FBY P3¢ [Al3(BO;)OF].,  APB+F-APB+—-02 <200 1.2
BaZnBO,F01 PG [ZnBO4F]., Zn?—0%* — 3 X dyy
BagMg;(BOj),F 5 Pna2; [MgzO,F3(BO;),] = Ba?t—F~ 184 dg3 = 0.51

TE: FAra it aa(E.
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2.1.3 % KBBF ®Z £ 4#) NLO 44k

SBBO % Ji% 1) 3 7% 45 ¥4 B 50 4 [ M, (BOs3),
(O/F)](M = Be, Al) XUz (W& 7), 1 MBO; H
JZif it AL O/F JRF i i, s Fh i =X
AR FRRSF R ER. B R EY T,
[Be,BOF] #2245 i, T [My(BO3),0]., (M = Be,
Al) BUZ, X f#15F KBBF 2R ST PS5 T #
Kk, I H il T [ My(BO3)50) o BUZ H B A4
MNEL S T A BO; KU, HAGBIRO dis 2]
TR BYRE . EIRIZS AR Y J2 [ B A K
T KBBF, {HEZRUZ=Z50 i 2015 2 R 455 1
W, A e KBBF 2R A K S A T B 4
. BE S B 9E & LR SBBO 1A W By 45 4
[My(BO;),0] o XWUZ H T AAAEZ R IR ], SRR
SEH 22 BRI, HOGAE I — Ve 22, IR T H
H. 2011 4, PRENR S04 Rt 4 m 2 &
FHES 5 I A B SIPRRER b, AR AR/ INT B4
J& I3k Bl 3 XUZE SBBO 2 i) g /NAS ], 77 A —
RV H LS MM Be,BoyOgF (M = Na fll M =
Ca; M =K Ml M = Ca, Sr), 7 MM Be,B,OF

@Sr

@Be
@Ba

Sr,Be,B,0-

Z AR AN ER T SBBO 45k 22 3R ) A
WERIE T REFAER M, Hirf NaCaBe,B,OgF
HATHAFH) NLO HEREFIR S5 ML, NaCaBe,B,
OgF 5 KBBF #h R A LAY SR S5 1, fr i
VAT T ab H ) (BeoBO3F,) o M4 KRB 22, H
T BO,P - 3 HES J5 10— 2L, J2 52 Z 18] th AN
B 4 J BH 25 24X, 7E0-+F KBBF JZARE5H4 Fi
PR YEAPERE R RIS, 8 A b 2 6] VE ok kst
AR AR AR ST sl SR /R A
YER 15 L2 B4R H 1 2528 KBBF 1Y 5.26 £
5 F R A TR B, SR A R R, J2 R AR
K PEIE RS2 4R, NaCaBe,B,OgF 45 2251 41K}
H BT ASGE I IR L 40 NLO [ FH TR 28t
RHOF P ERE BAs e 2 .

% AR S BSILE 4 KBBF Al SBBO AU A, H)
FHBCALBE ST AIIE AY Lit A ABTEBUL Be2t, sizhikit
G T KyBagLi,AlBsOoF (KBLABF). KBLABF
1) [LiyAlBsOgoF] o BUZ S5 M FEAREE T SBBO 1Y
gEFL ., FZ M R A Ba—O B PSR, 2
6] % 3 71 29 KBBF (19 4 1%, A R08E 720k

© 0 O
h&‘o—é)w
© O
g d
t ot ¢
e e
© O
s
© © O

BaAl,B,0-

Bl 7  SrBe,B,0; Fl BaAl,B,O, A 4h ki 5l
Fig. 7. Ball-and-stick representations of SryBe;B,O; and BaAl,B,04.

# 2 SBBO BIBARRELRLESN NLO #R IS A2 RE L
Table 2.  Comparison of structural and optical properties of some deep-UV NLO materials of SBBO family.

U=l 25 AR 4ty JZiER: %Mk /am FEIFRY (KDP) 8 d;;/pm- V"

SryBe,B,0,*) P6c2 [Bey(BO3)50] Sr2+—02- 155 2.5
BayBe,B,0,10:73 P62c [Bey(BO3)50] Ba2t—Q2 215 2.0

BaAlLB,0;* R32 [AlBGO1s) AB+—02- — dyy = 0.75
NaCaBe,B,0¢F!*! Ce [BesB306F3] Cat—02~ 190 0.3
K;BasLiy Al B0y FI5 P62c  [LibAlBgOyF].  Ba*—0> 190 15
Rb,BagLiy Al BgOq FI) P62c  [LibALBOyFl.  Ba2 0> 195 1.4

K;Sr3Lis AL B0 F 7 R32 [LisALiBsOF] Sr2t—02- 190 1.7 (0.9)
Cs,Aly(B306),01") PG, [Aly(B306),0] APB+—0%* 185 dyy = 0.032
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ARSI WK 1A KBLABF fRTE ¢ J5
FJEEBE B ik 8 mm, #83d T KBBF HATHYHR KA
KJE R (3.7 mm). KBLABF [ 44k 110 29
190 nm, 7E 1064 nm &k i NLO 5 45 %% b 29 A
KDP () 1.5 £ HAHVCHEL. Ffif5, 2 ZEAEY 8L 5)
AT P A A5 PO o o0 3 AR BT LT[R B 5 Bl
T RbyBagLiyAlBsOyoF it i . I rpr Ay 3t A5 55 A
K T RRSFHRE (12 mm x 8 mm X 7.6 mm),
¢ J7 1) JEE E F v K 7.6 mm, OG0 405 B oK T

QL
[+ B
°Sr
°Ba

K,Sr,Li,AL,B,O, F

1 GW /em?, 53RN R 1.5 £5 KDP. K,SrsLisAly
B0y FP15 KBLABF fiARFM, Mtk T EA
W A2 A E B, K5SrsLis Al B4OoF M KBBF )
[BeaBO3F,] o Y B 22 8 45 47 [Liy Al BOg0F] o X2,
JZIEHE B M 0.7752 nm 45 %8 £ 0.44269 nm, it
PECAER ) /Al BAE N i R RIVE T 2y
b KBBF 1 4.52 15, J24RAE K > A 01 &0 ole s
(WAl 8). 1% ZR 5 A B T R XA LR/,
SRS AAIG, Bt petesE.

K,Ba,Li,Al,B,O,F

8 K;SryLiyAlBgOyF Fll K3BayLizAlLiBeOyF (KBLABF) (¥ ffy {4 25 #4511
Fig. 8. Ball-and-stick representations of K3Sr3LiyAlBsOyF and K3BasLi,Al;BOqF (KBLABF).

J T 5 BeO FEA WP B, 7 SBBO H
A Ba il Al LRI T Sr Al Be, B 74502
I T BaAl,B,O; ik (R32), & HA KM
F SBBO WIXUZEEH [AlgB¢O1s] ., Ba2t7E )2 [H]4E
R A, [AlgBgO1o] » MUZH Al—O BEAFERII
ANALB;Og] o B Z 4. 15 [AL B3Oy o B2 1,
A~ AlO, P IA S =4~ [BOS] 3~k 4118 i 3 £ % 4%
R IR A P Al [BO S P 45 St i 47 HES
A T 7= A KR 2 AR AR, . FRE T NLO
RN I B | BaAlB,O, ) NLO 2% dy,=
0.75 pm/V, X4 R K 0.063, i ESIEH T1/
i A VR S 2 MR H O 25 KBBF
() 3 ff, RAERK IR T — @ B G,

ARFT Uiy A5 1901388 o B 14 7 v s iR RLAE
K THE—BIET (B304)* HALE A ATCHIZE KBBF
4k ¥ SBBO  ff /& Cs,Aly(B304),0 (CABO),
SBBO ' Be(BO3);0 VU T & # Al(B30g)50 VU I
g R, E @ AL-O fAH % . BEE LM
Al-O HERYHE5E, CABO SRR RSN 1] LAEE
5] 185 nm. 1T (B304)3 FEHI 1 A1O, VY i {4
(4 % $2 45 244 58 T SBBO B AU 1 %, #7987

SBBO Ay B 56 5 | {#i15 SBBO § 44 ity #H 437 DL i
XA IA 3 TR AP,

2.1.4  AAMBR %

il R G I NLO fhiA A B HE AR ] A
Tl AT REEAT 52 (1945 B HIR Y NLO %K, X
[l i B4 B0l 9 XU 8 3, BIERARAE K AT PR
NLO g R B0 — Pk, ZERGEH T T
2¢ KBBF Bl #h i1 B 52 /b NLO #1RHRY AR
P G T I ZU A1 95 5 SR AL R L Al
B YT LIAE SR Z B IR 5 4h NLO #1BH A
. U RO U ok X [BO o B A1 #1718
Wil BOF, J@)- (2= 1, 2, 3) JEAL:Hy 2
JC, X FHARME T DL A 2 A R B S AL A A
4 R ST Y [B3O5F 63— — 4k 85 IR 19 [BOF,-,
[BoOSF]*=, [B3O4F,*~; — 4k J= IR (1 [BoOgF, -,
[BiOgF]™,  [B4OgFy*~,  [BsO7Fs]*,  [BsOgFy)*~,
[BsOgF]™, [BeOgFy* FI[BsOgFs)*~, LA =4t MR
i [B5OgF |2~ F[BgOgF o) >, 125N [F) o ik A 1 i 48
BHERE, AR TEHREINE.

T T 21 5 65138 33 7B 4 LiBgO F X — R 5]
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FAAFO590I) NLO FRPEREST TIRAMFIE, & B 3
TEBREL, 45 92 HA B—F B R AL iR Eh, o

PLGR TR 48 4h NLO J628 4 RE A5 4 R0 1 -85 18 718
FEl- BT 5 23 £ ME B b = ] B R (4n &1 9), 47
MRS M. 7RIt TAESERN -, W Z1 AR 072
% KBBF fHIRIIZSHIRRAE, dE—AAE Ll (BOSF) -
B (BeOsF)™, A& M T MB,OGF % (M =
NHy, Na, K, Rb, Cs) R A}, 81t i 4 2
o TR T 31X — R GRS th 4 2R E5 1
[B4OGF]~ B 3 F AN 7 J2 18] 25 B B 75 /Y BH 3 1
AL (anE 10). Hor, FHESFXF[B,O6F] B e+t
PR R AR S5 b il T LA F PR .
T S AL, X AR s AR
LA (< 190 nm, B4 A3k 155 nm), I H.
W3 R AFATEN 533929 KDP Y 0.8—3.0 4%, i
(XTSRS e TR S M VERL, Horh NH,B,OgF
(4 5 4 DEBC I 0 158 nm. X2 F JE 5] A—
5 T80 T AGRAFI R R 76 48 A 5 O A, 9 —
5 1T BT DASE IR R 2540 45 1) S22k, 4R THAT R A
WA EART . AR O JiT, W FJRFES
F 5 —A~ B IR FAHIE, X B—O M2 45 H
“BYUIME, ol LAFTREAS AT 7= A RT3 e =

ARG R At FE R«

ol o

[BO, + BO,_.F, (¢ = 1-3)]

—_—

I LA P
L TEEASERHES] T R s
9

000000000

H N B O F Na K Rb Cs

Yt B—O ML 2540, SaImah i i) Z R0k, B RT3k
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Fig. 9. Relationship of active group balance of fluorooxoborates among bandgap, NLO coefficient and birefringence!
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Fig. 10. Crystal structures of the MB,OgF family?2.
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Table 3.  Comparison of structural and optical properties of some fluorooxoborates deep-UV NLO materials.
EY 23 [ 45t R )4 EHMEUEID /nm AR (KDP)

NH,B,0gF®! Pna2, [B4OgF] N—H-F 156 3.0

CsB,OgFI™ Pna2, [B4O¢F] Cst—F- 155 1.9

RbB,OF(™ Pna2, [B,OgF] » Rbt—F- <190 0.8

CsKBgO,F,™ P321 [B4OF] Cs/K+—F~ <190 1.9

CsRbBgO;,F,[™ P62c [B4OgF] Cs/K—F~ <190 1.1

NaB,O4F!™ 2 [B4OF] Nat—F- <180 0.9

SrB;O,F;% <180 1.6
Cme2, [B507F3] Sr¥t—F-

S1B14014F 6" <200 2.5

CaB;0,F4 <180 2.0
Cme2, [B5O7F3] Ca’*—F-

Ca,B o0 Fgl) <200 2.3

K. A, AL SBBO XWUZE S5 HAR T
SR A R T FM B MB,OsF, (M = Pb, Sn),
8 T SBBO H ££ 7 14 W 14 [BegBgO15) o W JZE
H i, PbB,OsF, #l SnB,O,F, B A R ik 1Y — 4
[BO1oF ] o B2, J2 I AT T 3, iR 1
SBBO Z5tg i AFae thml@t. TR T H A&
b2 3 M B 90 FH S 1, PbB,OsF, A1 SnB,O 3F2
FIAEAIEN A T BRI, (HER MR

X T hdA /e 4w AL R & AR LS 67\
24 220 F1 250 nm.

2.2 B—O XprEgiEiE

7 3ifilk KBBF HZARA K TPk, 53 oh—Fil
BRI R B—O U551 K—F &
THAE N Z )4 T 20, AUAT LU i .40 2 ] R
BRI A AR P B 25 JE T [BOJ?— 9 %5 B ke 1
KIMFRER AT R AR, 38 7T LA R0 f A
BHAJZRAER M. BTk — TR, it A
WG T v -KBe,B3O7. iZ A2y KDP
) 0.27 45, LAMEIEIFE 200 nm PAF. v-KBeyB;30,
ZAEN P2y, 851 [Be,BOs) o )2l 12 [B3Og)*~
KIS %3 (A0l 11). Hii [Be,BO;) . 5 KBBF
H [BeoBOSF,) o HH BL, AT LI & K [BesBOsF,) o Y

Ka @

F 8% O WX, i@ PECAE R ) /s s A BLAEFE 13t
EHZ A 1208 KBBF 4 26 135, ZRIE /)
AT RIS, E IR o SR 5E i 5 AR
&)@ Na fl Cs R K, s itH& i 7
Na,CsBeB50,5, HARMRN 2924 KDP 1y 1.17 1.
B T [Be,BOs) o /2 ML, J2 18] 4 35 o fie 6 6]
PR [BOSP~ 36 1A, X 42 07 =0 in T A4t v
PEFETUIY B R, AT T AN . RS, R
KA1 5@ 1 5| A RS [B,Os) -, BN T
Na,Be,B,0,; Fl LiNasBe;sB1,055 W A, HAH
HRASONE 3 B R 1.3 A5 1.4 450 KDP. 7EiX
FiP R, [BO,)* 3 1 RE 78 24 V- 11 )2 9 45 44 Bt
M FE Y25 )2 2 ) A X, —
5 T T [BO) >3 1 119 % B 38 K, B A5 A4k mT
B ELAT B B A AT A5 A R ST S 3% 55—
1, 25 2 Z KEE [BO,) - SEHIE MR, 2
) o K, A AR 2R AR R S MR 3 T
RKFERE RS . X — R B S BE 825 7
4.

2014 47, B EAREOTRE D45 T LiySr(BOs),
(LSBO) i /& #1 % . LSBO J& & 4> ¥ & 40 &
[STBO;| . F T JZ IR 5 41 NLO Sh iR Bk, Horp
[srBo3]w$ﬁ)§£U KBBF 1 1 [Be;BOsF,] )2 ,

(d) (e)

Or
o e R, ) 9 .
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Fig. 11. Crystal structures of the series borates contain B—O covalent bond.
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# 4 JRZNEA B-O M4y KBBF ZSMTIRER A S/ NLO MBI RIZSHFIDE P RE
Table 4. Comparison of structural and optical properties of some deep-UV NLO materials of KBBF family with adjacent layers

connected by rigid B—O groups.

EY 23 [ ERL ) R )4 = EHMEUED /nm FEAAN (KDP)
B-KBe,B;0,14 Pmn2, [Be;BOg) o [BO). <200 0.75
~-KBe,B;0,14 P2, [Be,BOg) o [B304] <200 0.68
RbBe,B;0,144 Pmn2, [Be,BOg) o, [BO,) o, <200 0.79

Na,CsBegB;054) 18 [Be,BOg) o [BO] <200 1.17
Na,Be,B,0, 4 P1 [Be,BOg) o, [B,O4] 171 1.30
LiNagBe;yB5045140 Pc [Be,BOs) [B,O5] 169 1.40
Li,Sr(BO;),67 Ce [SrBO4], [B,O5] 186 2.00

BEA#4F T KBBF gk [BO, - ARk G 3Lty
IR I =X, R B 2 8] S [BOS - FE e 1 1
PEIE T W 3, (45 LSBO SR BE HA 1 iy
XA 3T 28, SCRE A S B AT A50AH A3 DG e A% 40 i i1
LSBO MIGAAAE RN 298 KDP /Y 2 i, 8 i g
CAEM ) fE A BAE ] i R R 1 24
b KBBF 11 4.7 f%, B o3 7 2R A4 K > .
LSBO fb A (1) 58 A 131 254 186 nm, FhIARAR I
W AR . SN

DA b 48 2k A AN L KBBE S5
| AMRECAL MO, 8% MOSF(M = Li, Zn, Al %)
(R VO TR, [ B 2 (B 5 A v LA PR (0 K,
Rb, Cs, Sr, Ba %) B¢ A F| T 45 2 R 454 o (14
BO; FEHIE R FATHES, 15 3154 0L ROG2= 1k
% KBBF #ALA Y, 30156 WA 7 2 8] 3 o 3 2% L
K—F S50 1 25 15 . A B ald g 5 5 A0 S A
i aete i aR ZRIER 1, R RFE 2 mik S
B A 1% 422 AT bR B R4 . R ER2IREE RN BO,
S R A HES e S A 2035 2% KBBF 454 NLO
Al R AR SRR AR K 2T P 1 (R T A B B 255 62
PERE.

3 3 #

i 1 2 2 0F 57 2 KBBF J2 18] A A % #0528
(B T LM Bl A ) (0 2R 25 H Rr RO M g
KER, AL HTER RIS A5, S5, 25 SBBO
UG | SR 1Y) B - BB B A5 AR G s ALY
FRARZ VE R slomiss 2 NAE R ), e sodkcs ik
SWRYZIRAERK P, W, L KBBF ARSI A
fIREC A (MO, B MOSF) f) DY i A Al i e 57 BH &5
F (I K, Rb, Cs, Sr, Ba %) A F| 7155 KBBF
Btk &4, Hop H MO, 8% MOSF (M = Li, Zn,

AL%F) R BeO, & —FEE AR 7%, 7T LUk
T A TR MR R, AR TR 6 BOs ZE A 4t
S TE] H ] —ECHES AR TE & B SR RE Y
2% KBBF 453 AR E: NLO fbiA.

AN, AR Y BB R A S DY L A
NLO 2 — ¢ Le A%, ks F 5] ABRRER . w2
EREIR RN BO, Al PO, SEREHAEF TRk BERS AT 2L
FETHAR A B 25 B 2R e BE, MGE R RAEK S
P, HAETE 2l T — 2505 LR i
BERR L NLO # L, R E B —RIE L5 NLO #
BHBETER. T F R AR AMITE, BfAm
UM B R B F o) AR EL | BEfREh Gk R
XF B—O Ml P—O M85k A 55 UIE”, B H
TEAMEIE R, AR TSR, Bk
SRR AR DT RAREF=A KA AT, (RIS A ) T
BN BEIE IO AR A ] Sk DA = AT 9 %, g
5 Rk Sl Gt — 4k R S5 5 RS ) AR A R )
WA, B B-F 88 P—F B9 & AL IRR SR
U R R T A8 25 A TR R UL R TR £ 4
NLO gk B iR 2.

T, PR Ui A5 10410503 3 35— JR B 53 10
M, PBOSF, A1 PB3OGF, 1% W4 Fh Bl i ik £k # 1L 4
TEVREAME AT O C vk BE T i 47 221t KBBF,
IEHR N E 225 KBBF 458 A (msi4s @ s+
S E, TELRRE 2 )2 HE AR By =0 (R ReBg finvg
LHN NLO et Rep s oems, 8 R 7e 2R
P o ) 2 B A2 7 B F A IR 14 3 PV fE B
F W1 0 3 0T DA AR R A 2 AR S A HE B 1Y
[ B 55058 A 2R A A 2T PRI 4 T e
RS2 RE, 2 HATIRRHT AR 555 NLO #EHY
kAR

I LT A HE L B, IR R AT e A 2
W B R 204 NLO MBI &2 1 S 5. 7R R E
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REA S B TRE AN NLO SR fE v, HATE &bk
UEBT AT AT A SRS 2 2 AR 2 KBBF SRS #4112 1]
s W T KBBF 9 K Fl Be, #5041
BHEEMPERESC R WP 9T, B Do, IR
S S 22 [ AR B R 2 R HLTH], SR EBGESTTR A
UHRE . KAEAIZS A iy S e 75 Th e 3k AR
5 TR R AN 3 - KA AR - 338 TSR B AH
FIE, ViEH# B,OF, JEALE 4% Fe 2l £ 1
ZEACAMEREIL R . I A NG T A KRR
F—{RIRE SN NLO #1k}

4 % #

FIEHAT R IE, 4 ERFRENILRS ), B
LB A T — R0 RSP BN TR SR S X AT
FEILHTCHL NLO fbiA, {H 2 A8 R 2 n] DASE B
AEASE DG e FELAT 305 /I A 22 550 TE ML AR AR AR
MR AR A RS . RSE RN ik
Aefe U M7 TR S EA SR M E A R, 5 A
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KBBF RS H B SE R A A R4 T 43+ TR %
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X KBBF #47 A {7 FHE T (K) B, BAHE T
(Be) B A 2 7L AR 454 -TEREC R, —
BT RIS EL 2SI T2 A R

1) RIS AR (MO, 5% MOSF) PO A F
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#| KBBF Bb&4).

2) R ER TR X [BO, - #4718 M
IJE B [BOF )= (2 = 1, 2, 3) A G514
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Abstract

The use of nonlinear optical crystal materials to extend the limited range of laser sources to the deep-
ultraviolet (deep-UV, A < 200 nm) regions by various frequency conversion techniques, has become an
attractive field for generating deep-UV light. However, the lack of nonlinear optics (NLO) crystal materials
capable of frequency conversion in the deep-UV light range, limits the development and application of deep-UV
all-solid-state lasers. Therefore, scientists all over the world are actively exploring the new generation of deep-
UV NLO crystal materials. At present, only the KBe,BOsF, (KBBF) crystal is capable of generating deep-UV
light through the direct sixth harmonic generation of the Nd:YAG laser. The infinite ,,[Be,BOsF,|~ single layers,
as the brilliant building blocks in the crystal structures of KBBF family, provide a relatively large second
harmonic generation coefficient (d;; = 0.47 pm/V) and a sufficient birefringence (An = 0.07@1064 nm).
However, the KBBF crystals have insurmountable intrinsic defects, such as the usage of high toxic beryllium
oxide, and the serious layer growth habit, which greatly restrict its commercialization process. Since the layered
structure of the KBBF crystal is still one of the most brilliant structures for generating deep-UV laser, an
effective strategy is to change the interlayer connection mode and develop new NLO materials based on KBBF
with less layering growth habit. In this paper, by reviewing the development history of borate deep-UV NLO
crystals and the derivatives of KBBF, the relationship between layered structure and optical properties of
different interlaminar connections of crystal materials is systematically analyzed. We discuss the main
contradictions and solutions of the development of deep-UV NLO crystal materials which are similar to the
KBBF structure. In order to provide a reference for the innovative exploration of new materials in the future,
several design strategies are also proposed.

Keywords: deep-ultraviolet, nonlinear optical crystals, KBe,BO3F,, second harmonic generation
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