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Research progress of terahertz parametric radiation sources
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Abstract: A terahertz parametric radiation source based on Stimulated Polariton Scattering
(SPS) is an optically coherent terahertz source, characterized by high coherence, frequency
tunability, and operation at room temperature. The basic principle of terahertz parametric radiation
based on SPS, commonly used nonlinear crystals, and coupling techniques are firstly introduced.
Then typical techniques and research achievements in recent years, both domestical and
international, are summarized regarding gain enhancement and output performance improvement.
Additionally, the progress in the application of terahertz radiation sources in material
concentration detection is reviewed. Finally, the key technical issues and development trends of
terahertz parametric radiation sources are analyzed.
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Fig.5 Output tuning characteristics of SPS terahertz radiation source based on KTP crystals and KTA crystals
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Tablel Terahertz parametric source based on extra—cavity configuration

time crystal pump pulse width/ns terahertz energy peak power tuning range /THz reference
2001 MgO:CLN 15.0 0.14nJ >100 mW 1.58 [34]
2002 MgO:CLN 15.0 750 pJ@1.44 THz 50 mW 0.6~2.0 [36]
2006 MgO:CLN 25.0 104 pJ@1.46 THz 4.16 mW 0.80~2.74 [26]
2009 MgO:CLN 17.0 6 nJ@1.3~1.6 THz 352 mW 0.93~2.70 [30]
2014 KTA 8.2 627 nJ@4.3 THz 76.46 W 3.59~6.43 [19]
2014 KTP 8.2 336 nJ@5.72 THz 40.98 W 3.17~6.13 [40]
2016 MgO:CLN 10.0 12.9 WJ@1.359 THz 1.29 kW 0.7~2.8 [32]
2019 MgO:SLN 10.0 5.46 W@1.79 THz 546 W 1.04~5.15 [15]
2021 KTP 10.0 6.27 W@3.33 THz 627 W 2.93~6.21 [21]

2 HET ARSI AL IR 2% 2 B R IR

Table2 Terahertz parametric source based on intra—cavity configuration

time crystal repetition frequency  terahertz energy peak power tuning range /THz reference
2006 MgO:CLN 15 Hz >5n] >1 W@1.6 THz 1.20~3.05 [41]
2008 MgO:CLN 400 Hz 12n] >10 pyW 1~3 [42]
2009 MgO:CLN 65 Hz >5n] - 1~3 [43]
2016 RTP 3 kHz 54n] 16.2 yW@3.8 THz 3.10~4.15 [20]
2017 MgO:CLN 5 kHz - 23.6 yW@1.33 THz 1.05~2.22 [44]
2017 MgO:CLN 3 kHz - 56.8 yW@]1.76 THz 1.46~3.84 [16]
2019 KTP 6 kHz - 166 p£W@5.74 THz 3.19~5.94 [40]
2020 RTP 7 kHz - 367 ptW@3.88 THz - [45]

2006 4F, L [F 3% % 4 K 2 Edwards 25901 UK Stokes R I BCE AE 1 064 nm OGRS NES, SEELT 1.2~
3.05 THz JA S, 220 B AR 25 1 m), 3R OR BT 50% o 1% 45 K 7= £ Y Kbk 2% I 28 96 /N T 100 GHz. 2008
A, % AT BAAE I HR S T Stokes 1 4IR B8 9 0 Sl A A bR HL, SCIRZR T80 1 GHz 1 A 2% Dk B 0 142, Jok o 6 2 08K
400 Hz; WRAFFE B0 Rl F ST A Stokes I HR i, #4525 % £ 98 5 78 & 100 MHZ™ ., 2013 4F, WK FI I 22 2% 5 K
¥ Lee S5 UUR FK 0 25 mm Y LN SR ZE5 A /NS 37 O (B S IR M6 4 28 il BB REAIR, JF S8 B0 T 1.53~2.82 THz 3is [l (1)
K2 AR, & AR Nd:GAVO,AE by 38 25 A 05, I 78 I — it 9 A 03 A hy 1 I B s 4, D ) SR FH
i 1 ) S5 001 Ji R Stokees JiE 8 A /) S 5 R S B % S R A% B T, B KB TR 2.3 pWo i TR iR
X IR 58 2 0% VA WA Bt 0 25 ) 5 m T 38 R, A ol o AT 2% I DA AR AR R AR R, 2018 4R, % T BUOKE RTP fh iR 1% 11
TR A5, A SE P 3.59~5.98 THz Wy (I Wi e i, f il P X DR 0y 124.7 pW S Ik 2% 8 52 B o 42 it 1 T
RIS 25 T 2R A R 2% T T R S S R 2R T A 55 (28 GHz), PR % AT A SR FH S 8 BB %) s o L 43 S A A S
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P i AL T LN f AR A9 Stokes 1R s SE PR LR 56 K28 o M HE T AR AR E LGS B, £k 98 46/ B EOR B9 1710, R A
S PR ST AR N 13.7 pWRY I S KRR 2% e . 2020 4F L AR Ko GAO SR USSR T A A5 N T 2 R 45 A
53 5L F KTP I RTP & 4 52 80 55 7 3 D R 0 R bR 2% B i i1 o bR 008 5 vk A B DR R L R RSF R
Pes, AR TR =3 AR XL, 28 rh B B T TN 166 wW(KTP) fil 367 wW(RTP) 1) A 5 2% I fii
Hho H ORI PN S R R R O U R B — e E R A T IR S BRI . 2022 4F, IR KR W Kitzler S5 PO
FEH0 s F1 Stokes TS i 43 335 312 M1 B R0 OSL T i AT B U DT L, 3286 B e 4% Stokes 15 1R Ji v £ B 8K 1) i
% BT S R R T 3

44 RESHMNL

25 A T R ) A RSO SR R LM AR I, SPS i R o
2 0 BLUHH ST (Stimulated Brillouin Scattering, SBS) i 2 [R] s} B <
AR, BT, M ROR 22 3 0 7 AR AL . 2017 4R § e
A B A 2 BT 5 BT I T8 1 2 308 ok o 9 B X RO 2% 18k 2 ik i 55 Zu0cf
P2, A 9 s o SRR, MW KIE/NT 1 ns, §
IV J5K 5 o 75 F 3 350 I 69 1/3 A7 200 ) SBS 3 RE L i 5107
SPS ioh T 19 e MR A 3 AN B G PR T R A O 44 A g ol i
PO R Y RO 2% 2k R A R AT R R K 2% D i R RE . S "o
2008 4, B35 RIS 40R BT NA:YAG S LN i, I Pl = s
K 3 SR T 61T Stokes G A, SEEL T 0.9~3 THz H K pulse width/ns
Bh2Z DT PR R, RIS E T 3L T SPS i B I N DO 2R Fig.9 Relationship between pump pulse width and terahertz
T o 2% 2 5 B T 2 R A 3 1 o 2% R Y % A energy conversion efficiency a} 1.9 THz

A= i 9 1.0 THZ IHAEHI G 15 Kb i B O 0 6 7 P
A 422 5 R e W {1 1) 238 199 58 O R v ~F- 281 D 236 1) i 2 ROl

SCER T W TR W R T B 50 kW s G MR 2% I i P, 2018 4, 3% A1 BAGE ks FE M 100 Hz 2 5
2100 kHz, LM T HFHIEGO wW) . 5 WAL 3 4 W) B KB 2% D% G 155, 9086 R 0 & SPS i 72 % L Y 3
G, RHEK A2 M 2 OO F Stokes 185 9% i 52 BUAE [A] 4 Stokes FHHR, 38 3 A 24 Dl H BB, 7R S8 vh s BRIG(H T
1.2 kW A bR 2% 0k i i1, TR ESE X8 3 5 B Stokes Y6 o Wk BH A s AL A ZE T LTS5 S7R FH 9 500 X A B 4% I
B, AR TR R 1.09 MW B R BR2Z B4 o (i TR 7 A TPG T Z AW AR B, 1 TPO Al A3 23 B A1 4
B, PR 24 5 R B A s 348 ik () 25 5 e 2 0 PR R T R S B0 8 2 B KB 2% U R . H R Bk 24 WF 5% 9T Takida
AEUSRTE T LT R RO AR S A TR 25 TPO H BT, i BT RS AL B, SEEUAR R R 0.9 THz ) Kk 2% Ik i
Hi o B TE 2013 4 3 TR RIS IR i 45 4 S 0.9~3.3 THz 19 AT 838 bR 2% Dt [R) it SIE B T R FH ¥ 36 1 1 o) &%
A B i e R 1) A 2 e ) B R AR AR Sl S PR e T S A B R, R E YR B R R . W
KA 22 7 B K 2% Warrier S5O 58 H 5L F 75 FBOREA [R5 250 0 R AR 2% 58 5008, 83T 1 064 nm BOGEE & B+
(487 cn™), AR HO LR A 1 123 nm 1Y Stokes S, F H1% Stokes S & HL#EHE (248 em ™) 52 B & 40K Oy 80
MHz . fz KEB TN 3.7 W A AOBE 2% I i i1, 120206 BN 75 RS 0 48 RS IR ks o 366 B B0 ik ol 2 ¥l ) KO 2%
TR SR AN EE 3 Fr R .
3 HET R APBK I 1 A2 5 R R SR

Table3 Terahertz parametric radiation source based on picosecond pulse pumping

time crystal pump pulse width/ps  repetition frequency terahertz energy peak power tuning range /THz energy conversion efficiency reference
2012 MgO:CLN 420.0 100 Hz - >120 W@1.8 THz 1.2~2.8 4.3x107 [53]
2013 MgO:CLN 1.5 81.7 MHz 40 nW@2 THz - 0.9~3.3 5x107 [59]
2014 MgO:CLN 420.0 100 Hz Su@1.8 THz 50 kW 0.7~3.0 1x107° [54]
2016  MgO:CLN 15.0 80 MHz 5.4 pW 4.5 mW 0.51~2.12 1.08x107 [60]
2019  MgO:CLN 140.0 100 kHz 0.3nJ@1.8 THz 4 W 0.9~2.9 6x107 [55]
2019  MgO:CLN 50.0 1 kHz 61.7n] 1.234 kW 1.24~1.89 3.08x10°° [55]
2021  MgO:CLN 30.0 SHz 32.74 W 1.09 MW 2.1 1.72x1073 [57]
2023  MgO:CLN 200.0 25 kHz 0.14 mW @1.77 THz 28 W 1.3~2.5 3.3x107° [63]

R 2 1 B4 i 1 £ AR A T O RO S R AR G, T O A S R DR IR . e, R A
JEL P A A AT AT AR T SPS i R Y 45 o IR, RGO B AR mE AR DT il 2 A AR AR AR AR B R 2K
PRBEZ AR . 2016 4F, KA 2 15 M RO AP0 0K 0 532 nm FOL R KTP Sk, B RSEH T 5.7~
13.5 THz 4 9 7 7T I8 38 ] BB DR 0 2% i i 1 o 45 T KTP & A B AR 2 D IS M 5 2 il GRS TR R ek, R R
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TANG %I 7E S5 2R 1 532 nm Al 1 064 nm 3 K [F] B 28 0 KTP g Ak, SC8L T 3.15~11.63 THz i 1.4~6.03 THz iig
LT 9] ) L, R 7 2 D 1, L UL R 2% Dk 8 i B AS [] % 4 SV BB I A ST B, X R R BN, 1%
9% R 220638 AR SRS T A RO i Py 2o S H SR L K A 1064 nm (19 ZE I R A I LN Ak, (HHEAE R K
MHOEHT A RE I8 25, B TN, ISR FH Dk B T SO VR S 50 O T A 804 B LN SR i oot r Az se 0y, o
KA1 324 nm . 1.5 pum B LN @K, AT/ LN PR3 05044

5 Kk iESHREY B b r MR
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BLA R I 5 FH WA (i i, HL 0 5 vk X EL A AR 5] 43— 5 it 09 1) 40 S5 A AR TG 1 i AT 2 Bk I o PR L 4R R — b i
TR (8 K8 0 5 o SO e R AT N B TR SR R Y. 2018 4F,  H A H Ak 2% B 5% T Mohara %5 6 F A 2% 0% 1%+
ARXF 24 B Hp 2% R AT R I S5 A A R OR TR R AR R 25 S i 7 AR A R RO 2% 38 S SR I 2R G X R
PEATRZ I, X 5 48 AR R e B 1Y) & Tk 0 3 TR A7 RO 2% 06 3 I i, 5 30 o i /DN 3R T A AR X 2 Tk R R T vk
AT RAE, BE A T HRIRZE R 0.297 wt% o [A4E, % B 5T A1 BA SR KB 2% 6 1% 28 48 6 A HL AR 1R v 2% T adk A7
A, KT L- KA R P IK A Y (L-Asn-H,0) 5 74 L- K4 &2 (L-Asp)(0.05~12.5 wt%) [ Kbk 2% 63k ; R
FHf/N et R A BOAR, AR HY Y 2% 7 R 2= 500 ppm!® DRI SR FH R 2% 06 18 35 K AT % 9y o e J3 AT 2
=R .
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