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Abstract

Organic nonlinear crystals have a great potential in generating terahertz waves. Organic nonlinear opti-
cal crystals require simpler collinear phase matching conditions and lower pump energy than inorganic
nonlinear optical crystals. Their properties such as refractive index, dispersion, phonon mode and ab-
sorption properties are beneficial to the generation of terahertz and other nonlinear optical processes.
The research progress of two organic nonlinear crystals exciting terahertz of pyridinium-based DAST
[(4-(4-(dimethylamino)styryl)-1-methylpyridinium 4-methylbenzenesulfonate)] and quinoxaline-based
HMQ-TMS [2-(4-hydroxy-3-methoxystyryl)-1-methylquinolinium 2,4,6-trimethylbenzenesulfonate] is
mainly reviewed and other organic nonlinear crystals are briefly reviewed in this article.
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Figure 1. Schematic of terahertz gap in the electromagnetic spectrum [2]
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JEEE AN (Optical rectification effect) & —FRRFIRHIIELL M6 2 RN, FEA Lt )8 T Z it #£[9].
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Figure 2. The schematic of terahertz generation by optical non-linear difference

frequency [8]
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Figure 3. The schematic of terahertz generation by optical rectification effect [10]
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TRV SRR A () R R B & AR A LR . Wl 4 FoR[13], X DAST &R A0 Fii s,
FH S 72 A O W R E5 H4) B s AR 2R M et AR (B [A], JR AR LRI S BORYE, M B B P JE S F11
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AR B TR[14] [15].

TERMIED B, GaSe diiAR ML REURAK, HIKSE ZnGeP,, GaAs %5, HSR DAST SiARIMIL R %L
HARERMRTS, Wl 5 Br[12], {572 DAST ffd B A s AR M a5 R ECR HOG R 2L, /i B 808U,
BASKEAHTKRE, WROEEEH . K, DAST g ar DU 2 4048 s s 5ok 4k THz 48
%

1992 4E, kA EEN[16]1 8 KA MK 820 nm. Bk RFEERT A1 150 fs (6K DAST fifk, &
ST W AD - WK, 17 H DAST diA i I =E I GaAs K 1 MEY, L LiTaO; K 2 M4k
B, 2004 4, T. Taniuchi 25 A\[17]38id 1300~1450 nm 75 E XU KILLIR S, 76 DAST Sk i
KT M 2~20 THz ISR AT U/ B AR 220 .2017 4F, Sun Q 25 A\ [18]i i SNM 74 (slope nucleation method)
AR T DAST &, F£M 0.5 mm JEH DAST &4 T EEIA 0.38 2 18.10 THz M4 n] 8 K
oGk, £ 3.39 THz kb K AE Bk B T 345.4 nl/pulse, FEHAFHIEF| T 8.44 x 107, Uchida H 25 A\
(19 K AkiE 1 i R Bl A V)R R R AH UL ALY (the prism-coupled Cherenkov phasematching method )i ik
BHHLAEL M2 S K DAST A A GBI 6 TH2) RIS sh S0 E G 70 dB)F A IR R 26 ik, 4%

e \ /—

Figure 4. The molecular structure diagram of DAST [13]
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Figure 5. The absorption coefficient diagram of nonlinear
crystals for terahertz generation [12]
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B & 7L S0V DAST @b RAE UMLKY K 56 35 DS St AR B O6IRIC,  AATTE 7 A o Jo S A0 > Ji] 3
ff) THz kiR . Tokizane Y 25 A\ [201FH DAST &k, @it 254 ik A: 17— AN a6 TRk 22 4 %
{7 A 2 ] R PR A 2238 RS T 72 A TR T K 2% % A B €41 (dv < 33 GHz), 7F 0.65 THz B iz K RE 504 80 pl
Zhong K %8 N\ [21 K H Z 8 A i@t 0.6 mm JE A HLAEL M A& DAST F=2E Kiff%%, 7 3.28 THz i 5K
LT KR ZEIR /N, TRE 5 1 2R R 2% 0K (1 i3k 1 G AR 5 (o 48 =R 22 B A F K JE » Rao K S S5 A
(2214 I 2ERE L S A Kl T A MR M 4K DAST, F 0k THz, 7742 THz B HE 8 0.0161%.
2018 4 Yixin He Z5[23 ) R H Z 842 i DAST k= Az 1w e B A 2 ] i i B 0o KRk 2508, 3F
XPECS3HT T DAST ahfiihi 86, il 6 s &%) 3 THz LA ERIRAR2Z AR T BEILGHAT 72047,
¥ RIS AN T DAST i d k4R 2h 51 2 1 JE 3R

2.2. HMQ-TMS Bk kifzs

HMQ-TMS & A2 B LA 1T 56 2 M- FATHES K BH B8 7 HMQ [2-(4-F8 55-3- FR AU 2K 207 ik )-1-F Ok
WEIRSAT R B 7 TMS (2, 4, 6-= HIHE T4 £ Fa i . HMQ-TMS (G 1ALk M R B( B = 185%107°° esu)
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ORAELR P, ATLATIH] HMQ-TMS @b A1 5 KOG R 505 DAST @bk KL R B Y, A RAWE
HLELDEE G 4K ZnTe. GaP Fl CdTe k—MEiE %K. 2014 4, Fabian D. J. Brunner 2% A\ [24]7F 0.2 mm JE ¥
HMQ-TMS @5 1000 nm {7 S A SO RK b AT e 22880, A R ™42 1 %8 THz Fkit. 7B 1Ak
HERTF I BE R BCR ILAE 0.3 mm JE GaP @afk kB MR R ce s 41 5. Wk 7 fos, H
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Figure 6. (a) THz tuning curve under the dual-wavelength energy of 8.4 mJ/pulse (top) and the Raman spectrum of DAST
(bottom); (b) detected THz wavelength using the scanning Fabry-Perot etalon at 4 THz [23]

6. (a) 7 8.4 mJ/BKHEINUK K BE B (TRLAR)FN DAST (IRER)HIRI 2 SLIE TH) THz FIE#L; (b) £/ 4 THz B9FIHEE
W E - T FOE BRNR 2K K[23]

DOI: 10.12677/cmp.2018.72008 62 EEREYH R


https://doi.org/10.12677/cmp.2018.72008

FH %

A E ~ A 7
— 4+ I\ 7 5 n". N\
§ | 'l £ 61 " 'l_;" l|| -
L . &) \
2 || S r [ T
~ | . J
§ 0 _,._..,,/3.\ 1 ‘&T--r’\r%\j~\m~w S 4+ ‘,r\J \/ -
= \'f Vv g L .
2 1 5. |
© | ' E 2 v" B
N 4L | - 7]
E .' L% B / \_/ o~ 7
0 5 10 0.0 0.5 1.0 15 2.0 2.5
Time (ps) Frequency (THz)

(2) (b)

Figure 7. THz pulse generated in a 0.2 mm thick HMQ-TMS crystal and detected in a Imm thick ZnTe crystal (red solid
line). (a) Time-domain and (b) frequency-domain signal. THz pulse emitted from a 0.3 mm thick GaP crystal under identical
conditions for comparison (black dotted line) [24]

7. ¥£ 0.2 mm E#) HMQ-TMS @74 THz SH(UA B XL), 503 mm E GaP BIAREMERZ M T LK HZE
BoREHTHR (B REL), B 1 mm B8 ZnTe BRI, (a)RHEH(b)SIEES24]

HMQ-TMS AR 1F [ THz (55 (UG IR1E EL ] GaP SRS A (IR IR eI b K 5.4 6%, 7EATs
K 7.1 1.

2015 4, Jian Lu %8 A\[25]% 8L, M HMQ-TMS &&= 4= (1) THz Bk kb G 2 LLAH R 25 F T ZnTe
P THz ik RE B 20 % . 2018 4F Andrea Rovere 25 A [26]7E HMQ-TMS A HL f A i i 3L 28 o 2 4
WA T A FL ORR 22 WK i s HMQ-TMSS ff 4 B JBUR IR IBOL R Gt (ytterbium laser system) A& 5 O
FEEN 1030 nm 19 170 fs K FIBKHE . JEIRMEEREN 420 pJ B, AIERTG KT 200 kV/em [ A 2% 16
37, BEEFEHEN 0.26%, ZILLAHIRIZAE T 5 W ITCHL &R A I fe B 4 e s AN B E . A X RE
KR 22 I8 00 2 n 5% 1) InGaAs W R, NFF2ZE G IEL ML) 2.2 fF. BFUEE RRH, T
WO X TP ORHH 22 42 B R EA MK ENE T, "R & KRR 22 6 IR el i s A AR & . Rl
b, ZI7VEE T DL TR R KR 22502 B AR 2R I 00

23. Rt AR MEAF R ML Kz

BT DAST fAH HMQ-TMS SR RAE KR 22 WO USRI | R4FBIMERE, DAST &A1 HMQ-TMS
e R BT A2 B B ARABA I BE B ML AR R MR 2 e AR AR 31 1 R E %0

2017 4 Seung-Heon Lee % A[27] [281ff 7 — RFIKTH B hi-0o4% HMB dfRBIWT T HH 2 O A%
HMB [(2-(4-hydroxy-3-methoxystyryl)-3-methylbenzo[d]thiazol-3-ium) (2-(4-F53&-3- F 4R L 7 2 45 3k )-3- i 3
IR FE[A] R L -3-545) | ZH RSP 8 I SR A A JR s HE R ORI 2 D 5 AR R M RS A e R 4 - HEFY . AT DAk 3|
AT B R P 7E 0.26 mm SR HMB &, X 35 fs, 800 nm 3 A IO Gk i EAT Y6 22 4800
FREIEEFRAER) 0.5 mm JEH] ZnTe & s — N EUE Z B RHR 243 7= AR 2802 FH 56 ()77 %5 . Seung-Heon Lee 55
N SCRAE i U S A i E A B L Y = R R R A SN B I E T, B3 THR 4-(EmP R R
TR 2-(4-F2FE-3-H A I 2K 2075 5L - 1 - P FE s bk £R(HMQ-ATFS) A . b = 980 PP 3 [ ARG 17 75 TRt s
HMQ-4TFS @4 7E 0.5~4 THz 6 BRI H AT AN R E. 150 fs FZLANEOERKT R 0.37 mm JE
1) HMQ-4TFS A, £33 1.0 mm JE) ZnTe &fA s 23 51 THz 35 2017 4, Seung-Chul Lee 55 A\[29]
T 5] N ZE-2- TR £h AN ZE- 1R £h 45 3 1B Y FEOB R SR A . 7E 800 nm FIAKTEE T ABOK A5 LA 100 fs 1)
JH SRR, PEIRR AR A SRAS T LUARHE ZnTe diviAc iy 4.7 £ BOHRME AN EE B8 ¥ 98 (BUE A% R 6.0 THz).
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Figure 8. THz wave generation pumping at 1300 nm of 0.39 mm thick OHQ-CBS, 0.35 mm thick OHQ-T, and 1.0 mm thick
ZnTe crystals: (a) time and (b) frequency domains [30]

[& 8. 0.39 mm [E#Y OHQ-CBS, 0.35 mm [EAY OHQ-T #1 1.0 mm [EHY ZnTe RIFFE 1300 nm L7254 H THZ K : (a)ft
1A (b) ST 1 [30]

2017 4£ Seung-Jun Lee £ A[30]K 8L, 0.39 mm JEH] 2-(4-F2 IR LI 5E)-1-FF SE Bk 8% 4- SRR &1
(2-(4-hydroxystyryl)-1-methylquinolinium 4-chlorobenzenesulfonate, OHQ-CBS) &t 1 % i H A 57 1 - bk
R E, A 8 BT, OHQ-CBS ffRMis %tk 1.0 mm ERIJEHLIRAE ZnTe @A 3 5. 55h, 5
PUAT IRV IRRER &t A LA B 4-FH DR AR LA L, OHQ-CBS fbiA = AE Kk 2% 7 1.8 fi%. 2017 4F K.
Thirupugalmani %5 A [31] 48 H 32 A M 5t A FE I T AR —BUR &) M B WA K H T BNA
(N-benzyl-2-methyl-4-nitroaniline, N-"FJE-2-F B-4- BRI d A, FHE OIS BT E Y BNA 55 0] BL
MR AR BT 5 71 DMSO W AERAT S i T8 T - R0 2 8] B AH B PR di A - VO i B &2
KREZIE, PR AT BNA SRR S R B 12, @R BNA SRR H
X R R THz P A4E 2% . 2016 4F Kamada K 28 A\ [32]i3d p-PD % (micro-pulling down)“E K BNA £} 4
B, RIVERKE T EARZ 1~2 mm K BNA £R4E805, FFRT LA A28\ 4~14 THz AT B RBR 250K -
2018 & Yuzhe Ma 25 A\ [33]H X FIF] SNM-SC iZ%(slope nucleation method combined with slow cooling), M
FmE & B T UG FUAE L G 2 A RE 4- 32 B ORI -N- FRE 4 PR R O IR PP R fil 1% 26 (4-hydroxy
benzaldehyde-N-methyl 4-stilbazolium tosylate, HBST). [K2y HBST ¢t 4 [¥) 2K 2.0 J ik we 525 €4 [ F a Bz
[N 337, DAST 24 20°, JrPL HBST & ra s REI AR L R BRI T DAST, HBST fE
KGR B AT .

3 GRERE

B R RO ROR PR R, KR ZEBORIEAY) . BT R RS U 3] TE k. A
P B B 7 PR AR R R AT B, RSB, ATkl i HE S n] s RGBSR m] LA A
ety S50 B IR AR B8 o AELAE T oy Y A AR L M v o B Y R 2 P it o A LA 2 i it 1) 2 1 R K
il ETEH AR S i 1~2 DS, BAIRBRI 0 Tl E, BRI R B, AT
s W B S 2R T ZE A G S BB TN P AR R R, v B A LA A A AT AAROR 4R
R P A 5 25 I A 2R A R

KA T DAST. HMQ-TMS B HAt A HLAR bk i A ORI 26 Ui 7, R 1 2T ML
FRL A St AP 22 A FE AN I B AR A R 285 (i AR R, B B v 8O LA 2k i A 1 )
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