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Abstract  Operation characteristics of an injection-seeded terahertz parametric oscillator based on ring-cavity
configuration are reported. The nonlinear crystal used in the experiment is MgO: LiNbQO;. The terahertz wave is
emitted perpendicularly to the output surface. The Stokes ring-cavity is constituted by three mirrors and total
reflection surface of MgO: LiNbOj crystal. The pumping source is a Q-switched laser, whose output wavelength is
1064.2 nm and pulse width is 7.5 ns. When the pumping pulse energy is 105.5 m] and the transmittance of the
Stokes wave output coupler is 20. 1%, the maximum terahertz pulse energy output leads to the output voltage of
3.3 V, and the corresponding Stokes pulse energy is 16.1 m] and the pumping energy threshold is about 10 m].
Under the same pumping conditions, the output energy and pumping pulse energy threshold of the injection-seeded

terahertz parametric oscillator based on ring-cavity configuration and injection-seeded terahertz parametric generator
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are compared with that of a ring-cavity terahertz parametric oscillator without seed injection. The results show that
the injection-seeded ring-cavity terahertz parametric oscillator based on ring-cavity configuration has higher output
energy and lower pumping energy threshold, and the oscillator has more obvious advantage in energy output when
the pumping energy is smaller.
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Fig. 1 Schematic of experimental setup
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Fig. 2 Schematic of nonlinear crystal shape
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Fig. 3 Variation in voltage corresponding to terahertz pulse

Pumping pulse energy /mJ

4 Kt T e 3T O bk v B A B A A2 bk v RE R Y A2 A
Fig. 4 Variation in Stokes pulse energy output

energy output with pumping pulse energy with pumping pulse energy

FEAHTE 2 25 1 % e T 56T I8 I 2504 1 b 1 7 A UK 6 2% 2 5 iR 5 4 (B T3 AR TPO) (Fh
F A KL S 47 A d (P 1A TPG) KR IE I 4548 (9 Jo Ah 778 A UK #5242 5 itk % 48 (TPO) 11
W Bk b e AR . B S R 6 2 B L 3 Fh oAk 2% 2 5 R A Kk 2% Ik b 8 £ 5 0T G 5w o Bk b R = B 4 52 ik
RSl £k . AT iE AR TPO 58 7iE AR TPG #iE A THIFE SR A 6. ¥R 260 mW (GE
it M3 5T 6 s ot I BEE R 20.1% . B 5 FIE 6 AT LLAE . R F i A TPG 5 TPO
(4432 ok b B8 2 BB X 298 20 m] s 442 fksf B 105.5 m] B, FF i A TPG 5 TPO #i th (1 Kk
25 ok B 12 X N A HL R 4351 1.8,2.8 V(RER Z 25 1:1.6) , X%F 07 ) 57 4G o 30706 bk o BB 1t 43 51 Ok 20,1,
9.9 mJ; S4HhiE kb RE R K 75.5 m] BRI AL TPG 5 TPO iy H 14 A 2% bk i e 5 %5 187 19 H 43 51
0.7,1.5 V(e R Z LN 1:2.1) s Sz kb fig 0 35.2 m] B, F F1EA R TPG 5 TPO % Hi i K ik 2% ik
PR AE X N B EL TR 22 BN 0.1,0.2 V(BERZ LA N 1:2), I TR FIEAR TPG BA BRI 7= 4= 1 W 4t
SE TG e 4 A DRI i T BT e i bk e B AR

TPO 5FF i AKX TPO WH1Z ik vh g & B A 73 51298 20,10 m], Y44l Bk bG8 24 105.5 m] B,
TPO H5# 71 A TPO % Hh A5 2% ik v B8 12 %5 0 (9 HL 43 58 2.8,3.3 V(BERZ HEoA 1.6:1.8) X i Y
WG e Wb Bk v B8 £ 43918 9.9,16.1 m] s i fkvh BB & R 75.5 m] B, TPO 5#FE A X TPO %t i
A %% Ik B B 6 B EL R 4 R 1.5,1.9 V(BB Z Hh 2.1:2.7) s M4z fk i ag & 35.2 m] B, TPO 5
Fp 7 A TPO Hii 1 K 22 bk o B8 2 % Bz B4 LR 23 310 0.2,0.4 V(B Z LR 2:4)

At 3 2t A 0 T L B R AR A TPO HAg f i BE 5 i B A iz ok o A i 1 (06K A% 0 35 L i L

1014001-4



iy
H
=
g

. 25
= injection-seed TPO " = injection-seed TPO
3t e injection-seed TPG ” « injection-seed TPG
+TPO . L0 EZO-ATPO o
= A ? . » .
=2t e g 15¢ .
5] L] ° ° [} . u
0 A o @ « =
g ata ° % 10+ ® ° . A
=1 SO = O
--:A ..’. § 5r ...l::‘
nn Alg® n ol :A A
0 -'l.“x’ L L 0 ‘...FAA ) ) )
0 20 40 60 80 100 0 20 40 60 80 100
Pumping pulse energy /mJ Pumping pulse energy /mJ
5 FFiE AR TPO.TPO MFF1E A TPG i A6 fFEARX TPO.TPO . FF i AL TPG #i
KA 2% Dk v i 3 o) 17 19 F, s B A2 Dk o R 5 1 AR 4k 0 5 35 Ik o R 2 BE Al 2 Ik e e 0 AR £k
Fig. 5 Variations in voltage corresponding to terahertz Fig. 6 Variations in Stokes pulse energy with pumping
pulse energy output with pumping pulse energy for pulse energy for injection-seeded TPO, TPO and
injection-seeded TPO, TPO and injection-seeded TPG injection-seeded TPG

FEIZ Dk vh g St B AR A AE B0 T Lo 55 A0 2 FhoOR bk 22 5 0 U5 5RO i i e

PR PR i R A Rk 20,1 %, 4l Bk P BE I 105.5 m] B AR % bk vh B HE X LR 3.3 V
A BT S A5 A S 6 Az O TR A bz Se AT FE s e B Bk b BB A 7 s . iR 1B 7 AR 5 UG s
JCAH L, TR A% itz S 4 39 FE T T S 6 Y 7 A= 78 JEUAR il iz 't i S5 21 S 2 0 B . SRR R 5 AR Y 3
FETEIOE 20 PP I 1 4IR 53 5 328 7 728 K5 DT X6 4 ' 169 7 G A S T

1.2} —original pumping light
—depleted pumping light
1.0k —Stokes pulse

-20 -10 0 10 20 30
Time /ns
Bl 7 JE G AhAZ 0 L F80 4 Bl % R0 HE S 6 Y Ik vh B
Fig. 7 Waveforms for original pumping light, depleted pumping light and Stokes pulse

44 ik

RS T 4T P 4 o D A 55 25 S A 2 5 B 1 55 98 1 3 B 24 32 I o
105.5 ]S4 SEI M i B0 i3 42004 20.1 90 Ji70 0 KB 4 ok ol 6 70 80 S 37 % 4 081 00 i
LR 3.3 VIV 007 6 ST B E B 16.1 m] b 22 % B2 Bk o B B 200 10 m) . E
IR B4 A fF T A0 FUER TPOTPO KA FVE ASY TPG B A ik Kl iz Ik o it 9 (ELE A7 L
45 AR AF LA TPO FUAT i i il i35 K32 Ik o 12 0 (806 60 1L 38 . 4 80328 Ik o il B A G e 3 7
i th B 7 T 199 1 8T 6

& % x Wt

[1] Qiao Yulong, Zhao Yuanmeng, Zhang Cunlin, et al. Terahertz/visible dual-band image registration based on hybrid
Powell algorithm[]J]. Acta Optica Sinica, 2015, 35(2): 0211005.
Tre®de, BBW, A, 55, JETIR G Powell B 0 KB 22 /7T WL OG XU Bt AR BC e [J]. Ja# 24k, 2015, 35(2):
0211005.

[2] Li Wenjun, Wang Tianyi, Zhou Yu, et al. Terahertz non-destructive inspection of air defect within adhesive layers of

multi-layer bonded structure[J]. Acta Optica Sinica, 2017, 37(1): 0111002.

1014001-5



H = e ot

(3]

[7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

BXE, ER—, AT, §. 22 SR KB 22 B ] . Je2=%4k, 2017, 37(1): 0111002.
Sun Bo, Yao Jianquan. Generation of terahertz wave based on optical methods[]J]. Chinese J Lasers, 2006, 33(10):
1349-1359.

IV, Wk . PR AR R E SR (D] . T EOE, 2006, 33(10): 1349-1359.

Lee A, He Y, Pask H. Frequency-tunable THz source based on stimulated polariton scattering in Mg: LiNbO; []].
IEEE Journal of Quantum Electronics, 2013, 49(3): 357-364.

Johnson B C, Puthoff H E, Hoo J S, et al. Power and linewidth of tunable stimulates far-infrared emission in LiNbQOs;
[J]. Applied Physics Letters, 1971, 18(5): 181-183.

Karino K, Shikata J, Kawase K, et al. Terahertz-wave parametric generation characteristics of MgO: LiNbO; []J].
Electronics and Communications in Japan, 2002, 85(4): 22-29.

Kawase K, Shikata J, Imai K, et al. Transform-limited, narrow-linewidth, terahertz-wave parametric generator[]J].
Applied Physics Letters, 2001, 78(19): 2819-2821.

Kawase K, Sato M, Taniuchi T, et al. Coherent tunable THz-wave generation from LiNbO; with monolithic grating
coupler[J]. Applied Physics Letters, 1996, 68(18): 2483-2485.

Kawase K, Minamide H, Imai H K, ez al/. Injection-seeded terahertz-wave parametric generator with wide tunability
[J]. Applied Physics Letters, 2002, 80(2): 195-197.

Imai K, Kawase K, Minamide H, et al/. Achromatically injection-seeded terahertz-wave parametric generator [J].
Optics Letters, 2002, 27(24): 2173-2175.

Shikata J, Kawase K, Karino K, ez a/. Tunable terahertz-wave parametric oscillators using LiNbO; and MgO: LiNbO;
crystals[J]. IEEE Transactions on Microwave Theory and Techniques, 2000, 48(4): 653-661.

Wu D H, Ikari T. Enhancement of the output power of a terahertz parametric oscillator with recycled pump beam[]J].
Applied Physics Letters, 2009, 95(14): 141105.

Li Zhongyang, Yao Jianquan, Xu Degang, et al/. Experimental investigation of high-power tunable THz-wave
parametric oscillator based upon MgO: LiNbOj crystal[J]. Chinese J Lasers, 2001, 38(4): 0411002.

RV, Pedtde, MRAENI, SF. SRRREL AR S IR T AR R T R T R I R 2% Dk W S s s S ()] . ok, 2001,
38(4): 0411002.

Sun B, Li S X, LiuJ S, er al. Terahertz-wave parametric oscillator with a misalignment resistant tuning cavity[J].
Optics Letters, 2001, 36(10): 1845-1847.

Minamide H, Ikari T, Tto H. Frequency-agile terahertz-wave parametric oscillator in a ring-cavity configuration[]J].
Review of Scientific Instruments, 2009, 80(12): 123104.

Yang Z, Wang Y Y, Xu D G, et al. High-energy terahertz wave parametric oscillator with a surface-emitted ring-cavity
configuration[J]. Optics Letters, 2016, 41(10): 2262-2265.

Imai K, Kawase K, Shikata J, ez al. Injection-seeded terahertz-wave parametric oscillator[J]. Applied Physics Letters,
2001, 78(8): 1026-1028.

Walsh D, Stothard D, Edwards T, et al. Injection-seeded intracavity terahertz optical parametric oscillator[J]. Journal
of the Optical Society of America B, 2009, 26(6): 1196-1202.

Ikari T, Zhang X B, Minamide H, et al. THzwave parametric oscillator with a surface-emitted configuration[]J].
Optics Express, 2006, 14(4): 1604-1610.

LiZY, Yao] Q, Xu D G, et al. High-power terahertz radiation from surface-emitted THz-wave parametric oscillator
[J]. Chinese Physics B, 2011, 20(5): 280-284.

Wang W, Cong Z H, Chen X H, et al. Terahertz parametric oscillator based on KTiOPO, crystal[J]. Optics Letters,
2014, 39(13): 3706-3709.

Wang Y, Zhao Z, Chen Z, et al. Calibration of a thermal detector for pulse energy measurement of terahertz radiation
[J]. Optics Letters, 2012, 37(21): 4395-4397.

1014001-6



