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Abstract In this study, ultrafast third-order optical nonlinearity of ZnO crystals with different crystal planes and doping
under femtosecond linearly/radially polarized light (330 fs, 532 nm) excitation is investigated. First, the band gap of ZnO
crystals is analyzed using an ultraviolet-visible spectroscopy absorption spectrum. Next, the third-order optical nonlinearity
of the ZnO crystals under femtosecond linearly/radially polarized light is measured using the Z-scan technique. The results
show that the nonlinear saturation absorption effect and self-focusing effect are observed in ZnO crystals with different
crystal planes and doping under the excitation of linearly and radially polarized lights owing to the electron transition in the
defect state of the ZnO crystals. The third-order optical nonlinearity of ZnO[101] is the strongest for femtosecond linearly
polarized light excitation, owing to the third-order optical nonlinearity of near-resonance enhancement caused by the
narrowed energy bandgap in ZnO crystals. However, under the excitation of radially polarized light, ZnO[110] has the
strongest third-order optical nonlinearity, probably owing to the combination of the narrow energy bandgap and the
anisotropic nonlinearity caused by the axisymmetric polarization of the femtosecond vector laser. This study has potential
application value in saturable absorbers, ultrafast light field regulation, and super-resolution imaging.

Key words nonlinear optics; ZnO crystal; radial polarized light; saturated absorption; self-focusing

Al = N8 R B ORI G A0 3. 37 oV MCT A
: 560 MeV'\. ZnO BRI 75 2 0 SOb A fE
ZnO fe—FSEASH 09 LR BOE SORBERL R T AR W A I RSB e T

i BHEE. 2022-05-12; fEEIHHE: 2022-05-26; FABHI. 2022-06-13; MEHLZBH: 2022-06-23
HEE&WMB . EFRHKRPEIES(11974258,11604236) 11 PG 44 F G0 & 7T 3 (i B 45i48) (201903D121127) | Ll P 48 5 55 27 1 R

FALH I H (20191L.0151) 500 24 BHE T 3 4 (B RH& L0l -ZK [ 2021 ]—f§ 031)

BE1EE . ‘wangmingkaid396@163.com; “niezhongquan@tyut.edu.cn

1919001-1


https://dx.doi.org/10.3788/LOP221587
mailto:E-mail:wangmingkai4396@163.com
mailto:E-mail:wangmingkai4396@163.com
mailto:E-mail:niezhongquan@tyut.edu.cn
mailto:E-mail:niezhongquan@tyut.edu.cn

SV 2 T A A T T8z BN TR 22 B0n FH AR R
AR ZnO By HE LM 2 R A 0GB I IR R R 3
R LML RN LAY Y 1T 5 T ZnO SRt 2
MR T R SRR B

AR, ET ZnO WY =Pl F e w2 8] 7
2 ST, Trimpan 353 2 [ 21 %% 2 BE AN K o 0O
Beph] £ T ZnO W = B b 2F AR LR R b 45 R &
TR 2ok IR TR )2 IR i B A T i A v R B
[wa] TP R A, T 2 2 ) S DU 3R B e R AR Az i
XA AT A PLIE AT ZnO BB S R 28 v W 0k 1
Ning 25" R FH Z 393 1 A8 R Ik vb 3406 (532 nm) &
T LS T Au/ZnO 94 K UKL R 51 14 R 2 1 2k e
AR R, Au/ZnO 9K 0K FGE 1 1 — B ot 2 AR Lk
M R OR BRI, I AR AR
B T ] I B 1< B A b A (U B i UK
W S8 . Abrinaei % SE T #8455 ZnO
JIES £ 1 R 28 M O 2 1 T 2 ), R 4B 4% 10 ZnO
LAY B A A RN T AR 48 24 19 ZnO BB AT M R
WS R, A 4B 2 A8 4% ZnO R 174 5 e M 2 e vk
Fe WAL TF A EAA A 7 1 B AT W AE R N o X
Yrfg b iy ZnO B A7 Z FivA 8V BT 0 B [ T, 7E AR 46
PG 27 BB 98 v IR TR R S, AR T K 4 4 1 A
KN ) DT kA BRI, R RR EE LR 24 5 Tk —
LR ,E %, Zn0 & T /87 fh R &850, R [R Y & i
0 [R]RE 22 52 Wi A R B B 2 RO RO e AR A
NGV, BEAN B 5E B AT R 22 8000 T 1) 2 2 PR S 0 &
7ZnO WG 2F AR L R PR | i X A% 1) S AR Ak 1 R O
CHRE )2 CRD Bk i B0 F ) 3R ZnO B 52 i A5 3E DL 42
PO X LA BT ZnO ) = B 2 AR Lt et A
B Fi—2 Tt SY A EER.

5T T AR A 5B 24 09 ZnO SR 7 CRbZR /12

E605%E 19H1/2023 F£ 10 B/ 5B FFHE

) 38 56 (330 fs, 532 nm) & T W8P = By 2=k
MR o T A, SR SR A/ AT UL G W MO 1 X A Y
WBRIEAT M, RS BT Z-Scan 3 R TR &R ZnO
RN Ry i e o | 5 R T S i B s W e R
PRI LT A 1Y ZnO b AR 52 B 40 A i fn B
AN, X 2 ZnO A i BE A 0 L BR AT T 8L
B 5 KRR R A AR G I & B, ZnO[ 101 ]/ = ot 2FdE £k
PR SN 5 5 L XS ZnO b A AR A G RE B BS | AS 1)
VT PR B 5R 19 = B e r AR L v 5 80 W AR AR 1) R IR
KB LT, ZnO[ 11017 = B 2% JE 26 M fe i, 3X Al B
SRR Y RE Bl B A R O I B X R e i R
) 4% T S P Al 4 e 3 [ 4 FH 3 A o
2SI HIE
2.1 #&

FE i R A BB SR R B AR A B 2 5] 0 K A 2% T 4l
6 ZnO B AR K/ M T em X 1 em, JEE 2 1 mm,
AAEHRE B A ZnO[100] . ZnO[1101H1 ZnO[ 101 ] 45 A
W EEPEBLE . GatB 4k ZnO 41 N Ga: ZnO[ 101 | #: 4k
By, S, AR A /AT DL SO T A R AR
FHE 246 I 0 D' 24 B A5 AR M A7 3R A . o
FeTE AL A% B9 5 SR Cary 5000( Agilent, America, Il
WA TG g 175~3300 nm) , 7E IR T, R4E T AR
T A5 2% 19 ZnO 5 R 76 3% 1K 98 B 200~800 nm Py 9 1
WeRe M, S, ZnO (& T S5 A0 1 G TR B
2.2 Z-Scan illiX & ¢ 8§

S p B (9 Z-Scan G W& 1 s, & 1(b)
1 Ce) 43 1 kg S 56 wp (R 19 T RD 28 O 41 D' AN AR 1) D
PR SEBE , 3R A B A I ik 1R, RE WS A IR
2Rk IR R () AR G R BT B AR B () 1 /NN IE
1o BB P REN IO 25 (Fianium, 532 nm. 330 fs) i}

(@)

FS

TS

BS lens

sample

linear polarized light

radial polarized light

K1 Z-Scan S8t 8% . (a) s 28 &L (D) 2R 4R 5 (o) 428 1] i iR D't
Fig. 1 Optical paths of Z-scan experiment. (a) Schematic diagram; (b) linearly polarized light; (c) radially polarized light

1919001-2



SO 4 28 5 b 22 4 (GP) T HE 5 A WK S 7 1)
F 2R D PR O, 15 2803 — B B9 IR BE D A (VR) |, £R A R '
Bl ) kg A% 1 R, SRR 4 B A R 2 A e —
BV A R G A 90° )y 1 HE AT ARk PLIE I S
A, Iy — BV TR G O IR A5 5 1 2k A 1 Y
FEBE (Lens) , EH 24 B 5B R G A S 2IFE
Tl o BEOEUE AT R kL P2, st 2ok
RS0 SRR DL SRR S 7 L K A5 F G S B
AT LA 3 B A5 5l 4 |, E — 25 o] 15 0 RE A 1Y
Bmyo SLHG R L B BCE AE B ML Y R 3h 47
BY6 5 I mm KIS — Z 8]+ Z 19 )7 Rl
Je B ol H b oRE S 0 T T 5 R O B AR 4 O 1) TR
H.MAZ=0W M ESRESEMELRES, &k
ditr (14 6 S — 25 1) 3 S A 4% L 0T DA A 1R R LS
Sy — 5, B PR A AR 1 mm /LG
i R ) AT L R AT LA

0.5

04 I ——7ZnO[101]
™ - ZnO[100]
— - ZnO[110]
g 03} coen GaXZnO[101]
02F% .-
iV
< 0.1F
U L
0.1

Wavelength /nm

300 400 500 600 700 800

%60 5% 19H1/2023 £ 10 B/ 5B FEHE

3 HRHIE

3.1 MRS ERIE

2 (a) 2R ZnO o JiE 1 58 A1 /0 DLW i o 1% o /e
[ 2(a) A] 1, ZnO[100] . ZnO[110] Lk & ZnO[101]7E
390 nm £7 7€ # 5% 0 W UR , 31X 5 ZnO 9 B 0504 1 A —
., M ZnO[110].ZnO[100]%] ZnO[101], W& i 4 %
WMTPREABHH RO, X0l (85 AR ZnO 4K
T VG 0 4 T 2 Bt B (A A s S R (R BR AR ) A G . e
F AT T B ZnO T FEAR, S S BURBR AR . A
SCHRRIE (Gais 2R ZnO Bk 61 il i o B 2 Kt
it 3 Bk B AT ZnO Sl o — 20 BEAIG, #F 15 BOG 740 B
AR A H I, Ga: ZnO[ 101 ], bl % K Ga
fith 32 B B 428 2% 2 ZnO db iR I i F — 25 a0 B #)
480 nm.

(B T “ r
—7ZnO[101] 7 j:
- - ZnO[100] :

= +ZnO[110]

-+ Ga:ZnO[101f

(ahv)?

T ———r
20 22 24 26 28 30 32 34
hv feV

K2 R ZoO Fl Ga: ZnO[101]. (a) 540 /7T WKL 5 (b) 7 B 1
Fig. 2 ZnO with different crystal planes and Ga:ZnO[101]. (a) UV-vis absorption spectra; (b) band gap
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Fig. 7 Relationship between 3 and n, of four ZnO samples with incident light intensity under the excitation of 330 fs, 532 nm.

(a) (¢) Linearly polarized light; (b) (d) radially polarized light
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