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The thermal effect of sub-THz microchip dual frequency lasers (DFL) based on Nd: YVO, crystals and
its influence on the frequency difference of laser output signals are experimentally studied. In the experiment
frequency difference tuning of laser signals is realized by tuning the DFL temperature
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The experimental results
indicate that, within a certain temperature range, the frequency difference of DFL signals linearly increases with the

increment of temperature. Based on this point, one can realize the temperature tuning of frequency difference

microchip dual-frequency lasers; emission
AR, T M g J0 238 17 R 380 M 1 Ay AR S i S R 2 —

5 25 14 43 DK 5 R TR K i 431 B3 0 U B e R IS AR 0 ) 8 8 20 T B B R 3 T v B i T B 1 2 K U I
KA 2% (sub-TH2) WA B B, $5%

DFL M 5E i 20 . Owyoung 207 f%

i Bt Eﬁﬂ%ﬁﬂ*ﬁﬂéf“iﬁam,Tﬁxié’i?%%*/}}iﬂl sub-THz J- .
2 S i SO it 1 A

TE TG S AT 5% U5 A ] D7 T, 24wl ]

Y N B F AU R 0O #8 (DFL) 19 & 5 88 e A0 0% oic 488 e AH X 480k,
ERIRE-S =R NP N

AR T MR T Nd: YAG By BB O OB SR IR s R

JoT b B R 7 A B BOAR  2 kAR AR AR AR AR T 2558 76.5 GHz Y XUBUBOGAE

5. Hyodo B BAFIH] Nd: YVO, B G 300 a4 » 38 1o 8 38 1 1 ok 458 1 G R] g /)y

WFSBHI: 2016-09-18; WEIMEMFREHE: 2016-10-15

EE&TE . XEOGEEE M55 B0 (F R 450 E R E SRS TPl 4 (2015GZKF03008)

TEE® . LA

SRR B %

E-mail:

NS
miao_hu@ foxmail.com Gl {5 B & A\

T U N
W %1992, B BT L R E R ROT HOR 7 T BESE . E-mail
#1982 B Wb B AR BRI LED $EA OEH A Iy i BF 5

635947832(@qq.com
0101003-1



H = # ot

220 mW i 224 101.56 GHz BB #OGE 5. Mckay S8 "R K BN 15 mm ARiMER SR T B 440K 8
JRTF 0BG U TED R 0.9% 8 Nd: YAG Bg ¥ R 3\ A BIWIH 1/4 3% 7 2 18] (3% | 2 (8] e Ml 6D, 8 i 3 B
BEAOR OE A RS T 4 D% 50 mW i 2238 [l #E 0~100 GHz Z 8] /) XUIBOG(E %5 . 70k 3l I,
BONAER I Z IR S5 B Nd: YAG B & 28 BB 3R 06 %, % Nd: YAG P % R 09 K B2 4 5 5]
0.25 mm FRiERTIE F 544 B 5t = 2 4.0 %0 . 4R45 T A 2576 150 GHz W 83 (T3 20 mW 19 XU
FEAFT L A AR S K A 2 1) BSR4 T T R T e IR A S BT AR DG G I 4K A5
THI2E N A5 GHz IhF N 2.38 W B XUIEOES 5 .

H BT, R P SR AT AR 1 22 RSOGO A 5 40 22 4 1 07 20 LI 56 738 2o SO & 1 458 52 B XUBURO G
15 500 22 P A IIF S AT FRTE 1S . AR Gl I i AE DFL AR 098 T IRE MO S MMM E L R,

2 SLEARE

FEGALE A 1 s, o OSA G, B R EOEE (LD) B 244 i o Ky 808 nm B4R
FE R BN 400 pm, A 1 A HE G i L RE O 100 mm A9 AR BRI E 5 L AR A BIROBYS 55
B, LRI RSE FBRWE R 1.0% 1 Nd: YVO, & 1E R 8O6H 25 4 5, R R
3 mm X3 mm X 0.5 mm il Y5 AT SR 2.165, Nd: YVO, 57K §i % 45 A 1064 nm 1Y 4 55 (O
FFRR >99.8 %) Fl 808 nm MM HE (AR BEGESF R T=>96 %), J5 I i 854 1064 nm B/ 5 K FF (HR) i
(R=962) 1 808 nm H i S BE(R™>96 %) JEML T KA 0.5 mm 19 F-P ik, b T30 Nd: YVO,
A VR 55 AT A fik L AE SRR AN — 2 0.1 mm JE RTS8 LSR5 R FHIUT S A A i 00 1, {88 B
o 1 mm B OGAL L LA SEERXF AR TR E ARG AR 4R A

R=0.9@1064 nm
microchip HR@808 nm

aluminum block

- J

pumping source

HR@1064 nm
AR@808 nm

1 S8 s 3 &
Fig. 1 Schematic diagram of experimental setup
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Fig. 2 DFL output spectra when pump current is 14.5 A. (a) 5 C-65 °C; (b) 60 C
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Fig. 3 Variations of (a) center wavelength and (b) frequency difference between left and right peaks
with temperature when pump current is 14.5 A
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when temperature is (¢) T and (d) T, respectively
R A ) ZE AW S L 25 A R UG s DI 22 AR /N SR D B 1 RS IOE AR S R 25 /N T B AR Q0B B] B .
B A (D) & ARIR B T, B ) B, /N5 5 38 g il 26 RSO0 615 B . U BT 3G 25 il 2R 0 3 4 A8 5,
g 4 T X EOGAT 5 0 Y BRI 8 55 L OGAR 5 0 25 LR BE R T, B A K (B2 A AR/ T 38 1 H 5 i g A
(] B A 2% .

4 ok b7
[ 2 LD s H 3 e 35 5 U Nd = Y VO, 108 O #8115 BE A8 A, SE P T X5y B USROG AS 540 22

R 5 Al P BRI o /M5 5 30 A o 2 0 1 AR L i SOOI 22 B EE . SRS
F W] BB OG5l JEE 5 O R 5 I 2 A7 AR IEAR GG &R

s £ X #

[1] Pozar DM, Targonski S D, Syrigos H D. Design of millimeter wave microstrip reflectarrays[J]. IEEE Transactions on
Antennas and Propagation, 1997, 45(2): 287-296.

[2] Huang X, Stintz A, Hains C P, et al. Efficient high-temperature CW lasing operation of oxide-confined long-
wavelength InAs quantum dot lasers[J]. Electronics Letters, 2000, 36(1): 41-42.

[3] Sheen DM, McMakin D L., Hall T E. Three-dimensional millimeter-wave imaging for concealed weapon detection[]].
IEEE Transactions on Microwave Theory and Techniques, 2001, 49(9): 1581-1592.

[4] Notake T, Saito T, Tatematsu Y, et al. Development of a novel high power sub-THz second harmonic gyrotron[]J].
Physical Review Letters, 2009, 103(22): 225002.

[5] Ford CJ B, Simpson P J, Zailer I, et al. Charging and double-frequency Aharonov-Bohm effects in an open system/[]].
Physical Review B, 1994, 49(24): 17456-17459.

[6] Hu Miao, Sun Xiao, Li Qiliang, et al. Investigation of mode competition in dual-frequency Nd: YVO, microchip laser
[J]. Chinese ] Lasers, 2015, 42(7): 0702009.
B, N BE, BSTR, SF. N YVO, BUR MO BOLSR AR X E R0 0] HEBOL, 2015, 42(7): 0702009.

[7] Hu Miao, Zhang Hui, Zhang Fei, et al. Thermally induced frequency difference characteristics of dual-frequency

microchip laser used optical generation millimeter-wave[J]. Acta Physica Sinica, 2013, 62(20): 204205.

0101003-4



H = # ot

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

B Ak, Tk BBk SR TR ORI RO R OGS R EU 2 R ST LT] . W B AR, 2013, 62(20):
204205.

Hu M, Zheng Y Y, CaiJ, et al. CW dual-frequency MOPA laser with frequency separation of 45 GHz[]]. Optics
Express, 2015, 23(8): 9881-9889.

Owyoung A, Esherick P. Stress-induced tuning of a diode-laser-excited monolithic Nd: YAG laser[J]. Optics Letters,
1987, 12(12): 999-1001.

Hyodo M, Tani M, Matsuura S, et al. Generation of millimeter-waves radiation using a dual-longitudinal-mode
microchip laser[J]. Electronics Letters, 1996, 32(17): 1589-1591.

McKay A, Dawes ] M. Microwave generation using a dual-helicoidally-polarized ceramic microchip laser [C]. 2008
IEEE International Meeting on Microwave Photonics, 2008: 10384670.

McKay A, Dawes ] M. Tunable terahertz signals using a helicoidally polarized ceramic microchip laser [J]. IEEE
Photonics Technology Letters, 2009, 21(7): 480-482.

Hu Miao, Zhang Fei, Zhang Xiang, et al/. Amplification of dual-frequency laser for photonic millimeter-wave signal
generation[J]. Acta Optica Sinica, 2014, 34(11): 1114003.

B, Tk R Bk R, SR TR AR R B A BUO G RO R [T . ObAE A, 2014, 34(11): 1114003,

Yang Qing, Huo Yujing, Duan Yusheng, et al. Double-longitudinal-mode continuous-wave laser with ultra-large
frequency difference used for narrowband terahertz-wave generation[J]. Acta Optica Sinica, 2013, 33(5): 0514002.
oW, EEM, BEA, 5T AR KR 2% i 08 O 22 AR 2L OG4TSRk, 2013, 33(5):
0514002.

Jiao Mingxing, Zhang Shulian, Liang Jinwen. Birefringent dual-frequency Nd : YAG laser with large frequency-
difference[J]. Chinese J Lasers, 2001, 28(2): 100-102.

BUR, RS, B KM Z BT RUR Nd: YAG #OGE 1] . T EEOG, 2001, 28¢2): 100-102.

Hu Miao, Zhang Yu, Gong Xuren, et al. The investigation of power equalization in a dual-frequency Nd: YVO,
microchip laser[J]. Journal of Optoelectronics « Laser, 2016, 27(2): 145-149.

B A&, 5k H, LT, AL XU Nd: YVO, ST B0 SR R HETT]. JLH T - B0, 2016, 27(2): 145-149.
Liu W S, Jiang M, Chen D R, et al. Dual-wavelength single-longitudinal-mode polarization-maintaining fiber laser and
its application in microwave generation[J]. Journal of Lightwave Technology, 2009, 27(20): 4455-4459.

Chen X F, Deng Z C, Yao ] P. Photonic generation of microwave signal using a dual-wavelength single-longitudinal-
mode fiber ring laser[J]. IEEE Transactions on Microwave Theory and Techniques, 2006, 54(2): 804-809.

Délen X, Balembois F, Georges P. Temperature dependence of the emission cross section of Nd: YVO, around 1064 nm
and consequences on laser operation[]J]. Journal of the Optical Society of America B, 2011, 28(5): 972-976.
Fornasiero L, Kiick S, Jensen T, et al. Excited state absorption and stimulated emission of Nd*" in crystals. Part 2:
YVO,, GdVO,, and Sr; (PO,) ;F[J]. Applied Physics B, 1998, 67(5): 549-553.

Turri G, Jenssen H P, Cornacchia F, et al. Temperature-dependent stimulated emission cross section in Nd** : YV O,

crystals[J]. Journal of the Optical Society of America B, 2009, 26(11): 2084-2088.

0101003-5



