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Fig. 1. (color online) Dual laser crystal to generate dual-wavelength in difference frequency sources (71,
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BERE. b, s E R R R B i E
KX Al ARALE GaP 1l GaSeS f 44 142 rh sz
ZE0 THz 724, FIVE TG 73515 0.39—3.13 THz
A10.57—3.57 THz; K& K22 HGE K H & ALE
HUIR LINDO3 S s 528l 17 0.1—3.2 THz R i i
THz 3 ], SzE64 5 WL 2.

7 N
| |
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| | 1
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|
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M2 x

B2 (MFEG) B 5 OPO 2 MiiE 19

Fig. 2. (color online) Difference frequency source based on single laser and OPO [43]
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Fig. 3. (color online) Difference frequency source
based on single OPO (461,
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Fig. 4. (color online) Difference frequency source based on double-wavelength OPO (507,
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Fig. 5. (color online) Terahertz difference frequency experimental system with the separately widely tunable

double near-IR, OPOs.
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Fig. 6. (color online) Terahertz difference frequency experiment device using double wavelengths from fan
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ﬁ%ﬂj{ﬂﬁﬁjﬂiﬁﬁiﬁ GaAS[m’W], GaP [24,26,36,39],
GaSe [30:31,53,58] 1 MgO:LiNbOg [43’59], SpIg g R
EEAER 1A

N T B TE AR SR 1 it A P TR B I A, N
ATTHERT A (9 s 7 Tt A T — e 243K

2) St AR 2R b 1A

B e X7 TH B EEE ) TAE &% LINDO;
BSCPE (T Ak 2 T LR 95 2R S A B (MgO). X 2
T LiNbOg & 14 47 ££ S 31 A48 280 87 A 452 45 18 4
AR, (B ] DR s o R RS 2k MgO Ty
O LY ER O SR H R TR 22 A5OR R T
RHE A2 THz PSS 32 BN Y /2 5% MgO:
LiNbOg 45590 Ak 3 jo el it e A K D v [00)
6 5 12 HRT DA BB 03 GaSe 1Yt 21 R
DA G A B RE AN . o R 2B it
AV P& KA S-doped (2 wt.%) GaSe ZE4i,
AT T IEE T 21.8 W1 1.62 THz 3%, HFE#H L
SEIE 45%, PR =T AR 4410 GaSe difk 12,
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®1IL 5 MR PR LA TSR K SR 45 2R

Table 1. Experimental results using the block nonlinear inorganic crystal.

S TH PR [ E )
N N § Z e N [ s
LA FEMIR AN5HEK /um ek TH WEVEE/THz  BER (W/W/uJ) Bk o
{ Z
HUEE ) (MV /cm)
10.23/10.67 1.269 0.11—4.15 10/35/2.1 1.8 x 1075 [17]
GaAs 24Fr CO4
10.247/10.697 1.23 0.27—1.3 —/0.182/0.011 1x107° [16]
fiki#H Nd:YAG  1.0356/1.0417 1.65 — 0.127 nW/—/— — [26]
GaP YN MOPA  1.060/1.069 2.4 0.7—2.5 2.4/2.4 mW/— — [36]
EEWYbFA  1.0717—1.0744 1.9469 0.15—6.2 — — [39]
ket Nd:YLF  1.047/1.053 1.32 — 1.74 nW /—/— — [29]
ik Nd:YLF ~ 1.047/1.053 1.643 — 4.464/—/— — [31]
GaSe
ik Nd:YAG ~ 1.053/1.064 2.983 — 2.09/—/— — [31]
WX OPA 1.26 20 — 25 MV /cm — [58]
¥ -OPO  1.06/1.06—1.09 0.1—3.2 —/—/1.58 nJ — [43]
MgO: LiNbO3
M KTP-OPO 1.3—1.6 0.2—7.2 — — [59]

W FO: BTN SRR G S A, (EBT
T B U 1 24 RAE SR 20 THz % R i &2
N A 28 1 A FH A R R sk 2D A% S PR 2 H AR
FH ZE 47 9223545 75 2 THz 38t i — R e 47 7 4.
Ho, fhE &7 K2 2011 FF R IE K PPLN )
3 G T Rk /S 21 ] B THz e B 3 S 20 o), i vt
2 P B AR B T IR, AR 2 v B 2R 1 o 2 e K
S U A ATE S K FE RN 25 mm, @G TN
0.5 mm & x 0.6 mm % ) 4 3 PPLN 5 —
YT (0.5 mm JEHNFE B TCBR I FIR) 24 PPLN
P AR I THz 9% D) 26, #3 H 39— 4 % THz 3% 11
BT 2 R R MR T ZE 90 AR THz U H AR
K.OMEBT a7 R S rs Mm-S
PRI RS E F A« MBS S Bt R [62,0%)
S EGAIE B B404] 1 2 A R o 25 A0 A THz P53
ERHEARAFE. Hi, HAKRILKFLE 2012 4%
T8, R E G T AR G5 R ) GaP 3% SR
SCPL T AL AT A THz U, FFkAT 7 Eodg B4,
1E 2014 4%, A A1 X ARIE T 75 GaP Mr B &5 /3 F
F6 i A F1 3 3% 2 56 (541 2015 48, ABATT SLHR H s
GaP #r 3 SR N vy BEL Rk R A 0 3 S ) T J ot}
THz 9% (142 4 S i B 2 SR Th R, mT DK 22 407 A=
THz 3% HI6T RS i A Hsm 4 001,

AEAR AL VT HC: 3 n A 2 M R R A K
PR, EEEAR M YEAAITES, JLH

(1) 2 R 0 A T 5 1 A B s B R Ak ) JE 2t R
AT, AEE A THz B AR T, 6 T4 B b4
B 3 R CJE I A BOR, Hedn: 2011 44 EH
B3R R 2E AR R H — Bt PPLN 28 OPO 2 4%
P A T THz 3 101, 2012 4635 [ B s ok
SARIE I PPLN W 2200, 345 5w 233 W I Th %
(1) THz i B 1 2 5 bt el 32 SR AL < b
S HE? J7ik. R RRRH bl SR e
i B o s A VR S O T e 4 B AR KB (JR )
HERR, PR BRAN A B 19 8 il S 3 HE 1, IR
TR B B A R HEAR AL UL (12 S
HE, HACHE N GaP. 2011 43 F NP Y6 H 724 7 )
BSR4 2 GaP A HEZ 47 4 T
4T % 339 uW, THz ¥ #e 25 2.43 x 107460
[F) 4R, 55 [ HLA K AR R 4 2 GaP Jy HEZE 40
72 A THz % FIVEAE T 26 =ik 4 kW, 6k
40% O] X 53 — Bl A 02 SR MR GaAs, 3
AR R B e I — 7 2R EERERL
2011 4F, 3% E WrdH 48 K% 2R H 112 f115 /= GaAs
s 7RG IR S e ME D, TERR T AR i o ST
B Ih 2200 uW I THz 6t 44 55 b —Fh 5 vk
& R4 F R AME RS A S S E S5 G A K
W] J2 % 1] GaAs/Ge/GaAs JZ &, 7] LASEILAS [ &
W HEAR AL UG D GaAs. 2013 4F, {8 [F JF B & K
RN 5T R X A HEAR AL UL AT GaAs F3E

070702-7


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

38 F W)

Acta Phys. Sin.

Vol. 65, No. 7 (2016) 070702

PRIM TR SEIL 7R T 10 pW IRIE L v] R | A
THz # 10), DL Eseigat B asER 2.
TEHL AR AT o5 2 B e v A 407 R, (B

*2

TE BB ) THz P06 TR e 8, IR R XETE
10 THz LA F7F=4 4 20 THz 3. X AN A 2 7] BLH
B LA SRS

T 5 SR8 T AR L VL B2 P ToHL it AR R S B 5 R

Table 2. Experimental results using the quasi-phase-matched nonlinear inorganic crystals.

HEAR L IL AT s ; FHETHz e ST S IEE T %/ N .
ZESR NN SIS A% E E /TH g Sk
A ” B g, /T W W /) g '
KR H OPO fEi o s 2.1 ~ 1.7 0.5—4 200/—/— — [44]

GaAs
BEZH OPO f&jJf 5 2.06 1.2 1—4.5 > 10/—/— — [46]
a YHFPI MOPA 1.55/1.538 1.5 — 339/212 mW/— 243 x 1074 [36]

aP
ikt Nd:YAG-OPO  1.064/1.079—1.066  ~ 2.5 1—3.85 —/2.73 KW/—  18.2x 10™* [66]
HELHOL-0OPO 1.03/1.06—1.09 1.3 1.18—2.91 3.9/—/— — [40]

MgO:LiNbO3

97> Nd: YAG-MOPO 1.064/— 14.4 — —/233/— — [35]

2.2.2 ARSI

AHLEAER EEMAAET AABRRK
B AE 26 1% &R 2R 6 THz 3% (1 %8 77 3% T 4 1,
& S YE AT T M THz 9 10 £ M R 1
THz 5 38k B H ) Ar B A VLR A K
L mE & &K ——DAST (N, N-dimethylamino-
N’-methylstilbazolium 4-methylbenzenesulfonate),
My I fm & ——OH1(2-{3-[4-hydroxystyryl]-5, 5-
dimethylcyclohey-2-enylidene jmalononitrile) 1
Wk i &K ——HMQ(2-(4-hydroxy-3-methoxystyryl)-
1-methylquinolinium); FH@ it A HL K71 H 1B
FHES 7 B 07 V0T K AR 2 19 Bk bR 5 28 S AR 1Y
BT AR AR R b AR R EERE I E A AR
THz A NSRRI,

2011 4F, HATH K ¥ RAXOPG £ DAST
dm A T 2 0 7 4R 3.2 THz i % 71 2013 48, il
113 AE DAST HFsE 3L T 0.5—7 THz K9 58 1 it [49);
20114, H A B AL Fir 41 38 K H B0 KOG 20 0
98 7F DAST ' S 9 0.5—2 THz (19 7] I 1 % 27,
2012 A ATTR AW OPO 43 7 DAST I BNA
ZEM, 3R T 130 THz B 58 47 4 38 18, Il ik
P db A& THz 385 19 28 0wl LAOAH B3R 7 5 IRl
iy 00T 20134, H A4 J2 K % R F WK TP-
OPO f£ OH1 H M, 3K 4% 0.5—10 THz [ 13
Hl, 375 DAST @ik Lbfs, 15 H7E 1—2 THz AT
Wi, OH1 tb DAST B A 5 & i e e dex B 2014
I, REERS KA M KTP-OPO f£ [H 7= DSTMS ##

M ZEA5, S2I0 T 0.88—19.27 THz i % 45 THz W
Bl TR BRI, o R B A B R A
B o B R B AR A R S M AT A B
K LS5 AT AR A KL DL A & BT AT
A 5= FTRE T AN W, B A,
K22 AE BT 2 WA AL A EMLQ AT AR P o |
AR T R RE, JF R OB BT AE iR HMQ-T,
HMQ-MBS, HMQ-TMS [73-71 H ti HMQ-TMS
M HMQ-T #4174 5 DAST, OH1 Al ZnTe & 14 i) 45
P LA LR 3 170

RGN HMQ-TMS #3022 408 F (1)
I, (HR %A B4 B S B2 7 A THz ks
36 S BRAE BE 2= BT 2015 4R 4R 5 R H 800 nm
WOCE 2 12 ARSI T 2 A THz ikef, #oc
WK THz JEH7E 0.3—0.8 THz, THz kit RE &2 R
FEZAT T ZnTe 1920 15 ), B AA K JE K22 AE
2014 4F% F 1000 nm BOEHIEE 0.2 mm JEH HMQ-
TMS A, 724 THz 6 7E 0.8—1.5 THz, At
3 R R A 0.3 mm 5 GaP 14145 77, 2015
B G RE WP TR R A 0.81.5 pm
PR AT, ki v B 65 fs, ki AE EH m Bk
T AT OE A UK BN ) 7 AE OPA fihiz % & ik, it i
W iz P AL A AL VT AT, 3R T i 2 AR He A
BEL F 44 B &) 91 1) v 6 THz fik b, THz 3 58 & A5 4k,
K] TAMESIAE (0.1—15 THz) [, X £ 52564F
HMQ-TMS ¢ 7 245t DAST 58 58 7 i 1 A i 1)
SR IERTSL FH AR 34
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#3 HMQ-TMS &5 HMQ-T, OH1, DAST, ZnTe &4 2% btk [7°]
Table 3. Physical data of HMQ-TMS in comparison with benchmark HMQ-T, OH1, DAST and ZnTe crystals [7°].

AR A4 FR
HMQ-TMS HMQ-T OH1 DAST ZnTe
R P 1 e RIS K /mom 439 439 424 475 —
O — MR EE /10730 esu 185 169 93 194 —
PO e 2 Ak etk /10730 esu 185 155 63 161 —
HOE 28 o o r33 =75 pm/V  ri1 =77pm/V  rq =4 pm/V
- at 785 nm at 800 nm at 680 nm
40 °C I EfEE (g/100 g HEE) 2.24 0.78 3.74 3.73 —
KRAAEK Ry A A w5 ey —
JE ] =5 Ak A Ak A JE P A —
K i 7 7 7 A —
LK /nm < 595 < 595 < 640 < 680 —
I em—1
{8 THz H.3% /kV-cm 57 - a1 o o1
(Ppump =158 I’l’le7 lﬁlﬁggg 3 mm)
Vel (IE{H > 1.0)/THz
(F HMQ-T @&, Poump = 38 mW, 6.0 3.4 5.3 — 3.8
m RS 1 mm, AR )
£ 1.1 THz P IR 1 5] o 5 G 5

TENL AR A B R IR, {E THz % 14
A, /N 3 THz, 3& M T e 2 5 48 i 2240 THz
P T A LR A B B R B AR A A D R
K, VAR 4 THz S o V58, S8 T 2058
Hr ] I ZE AR

3 QCL ZM THz & AW 557 2 B

I 55, B T BRGS0 THz HoR
It e 2 4k, K Z MRS QCLAHZ &L T =
TR T A8 5 1) /N BAY FRUSRUR 5 11 Y THz QCL A2 5
B R R U bRvEE NZY QCL 7E h 4 bk
Benr DL RIS ¥, T AE THz B B 1 T 32 32 5 4k
BB R B AR RGIE TZRTR, B At Ak
A TARIR S FOIRES, T H AR BB, 177 T ) 43
A ISR [13, 79) (B 708 B, el = iR iE i
(& 74U THz BOCIR— B2 12U B 787 1.
A ZE B3R 5 QOL AR &5 & 5 I = I 38 % 10
THz FOGE & RBGZMAAE HOR, HRTZ77
T F 40 5 A 3 A2 38 [ P A6 R 2 A4 T
WK s p i U4 TR TR BRI 5 AR 1 T R A
BERE.

3.1 QCLMMAPEESN THz AR

QCL ) ZE M THz £ AR A &7 PR HARAE
HLLAN P AEXBAHOL, I B RO X - S48
R R B AR A R A E AR . N T
HABGE NG a4 0E, — BCRAOE ERES R 4
A, WOL T RS NIELS K E TR, WEKX
W AR X, 2011 4 38 [ A 5 5% 07 K 5 2
— AT, AEROLAS S H i 5] Eh 3R
TR AR AN A ERIX, A R NG X R AR L
XA ELANEOE RS M, B JRUBE R SE IR A T AR
% 100 nW 4.1 THz %, 75210 K& JE 1
RN 0.5 pW/W2EL R4, 36 ALK 2
S 1l AE QCL -5 AR BRI 70 A1 S A5Gl
LAl Ak b 21 A1 0 4 1 S 1, AT 32 5 QCL 2%
S THz RISt 78 S50 T S8 T e KIfE Th %
8.5 uW HIZE 58 4 6.6 GHz {14 THz i i, & 5%
RN 10 pW /W2 B 2012 48, 56 5] 48 7o 5% Hy
K5 AE 51 G 22 A0 THz Y5 Hh R F DS RE R
HAALUGHAE 7 30 (I 1ET 8 ) AR i ypt 5 3k 2 i o L
B J7 3, 98/ 1% THz 3 B 7 5 IR A AR
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Fig. 7. (color online) Operating temperature as a function of the emission wavelength (or frequency) for QCL [13].

THz 9% I #% & i 202, SO0 0 AR A
45 uW/W?2 KRARF T H 65 B2 [F4E, 27
A K% R AR K P 4T AN BE (911 pm) R
FH 5.7 - 3L 4 (single phonon resonance, SPR) %
T DARR w1 Hh 20O SR RN K — B R R PE AR AL
R, [FFER AR A AL VLR 7 X, 7£2.6 THz
A 3.1 THz A 73 I 3RAG T e RIEAE D)4 32 uW
g AR R 50 wW /W2 [R50 it we it
Z)ok—HE 10 ZHAS [ (4 00 191 A7 S i e i S B T
M 1.0—4.6 THz 545 THz 3 (1 % 1% 531, 2013
B, AR TE 7E R 2L Ah 2 BTORUE K IR T U X
K FH SPR 11, 38 38 i 5 3L 28 B R 17 PT IE 77 =X
F10 ZHAS[R] (1 008 3993 A i e i, Se Bl T A A
THz 9% M 3.3—4.6 THz K7 i1, /£ 4 THz k3K
BT 65 WW 23 uW /W2 [ # i 31],
A4, 5% [E 48 5 52 7 K47 BB Y R} R 4 47 /T
fic 77 30 AR B2 3 hl b BRAT = ket 1) R
FAT B i IR R 16 InGaAs #PRHAC InP A48
TENHRR R, 15 % 2 B A 200 nm, n-#5
FIET x 1017 em ™3 (1] [ 45 24 1 )5 InP HL IR
WHUZ M JEBE A3 wm), 78 B0 XA H 3 % B
EZ a0 T n- BN 1.5 x 106 cm =3 FIJEE A
3 um (1 InP B2, B Rk 7% 3—4 THz i B
FIFRFE S, 2) 76 2040 WU K B0E X R 5 A
B LR PE I Ak e, 15 2 050 A THz 3 1A

KEE IR 3) Ik S A2 1 B RS J ik B2,
15 5 R R THz 00 2 T35 AR K AN THz %
THE, AL 4 THz 43R5 0.12 mW 1 I {E Th 2
R IEF] 0.6 mW /W2 B2 2014 4F, EEpE L
KR A B S AR A A e, LA &)
WRFRAHALIEAC J7 2K, 3843 3 uW, 3.6 THz [#1iE%:
THz ¥t F I8 38 hnisos X AR 4Kk 2, 175
ik P AR aQ R 3RS 1.4 mW RIS T = kRN
0.8 mW /W2 ) [RI4E M ATT S ARIE T —FhEERL T —
AN B 43 AT AT kg S A DX AN BORE 23 A Ol
A DX 1 B8 5 - 0 0K 22 AR £ B R THz 3
Jeay, HAE 4 THz Ab3R1F 113 uW I )%, #4
RN 110 pW /W2 BT i i) 1B 2540 THe
WOGHE— R R 235 BE LR BRIT T, Wos
X T2 R AL . 2015 4, H AR AR fEE
(TN TN S (S E Y E (D S ot g
KPP HEOE X A R 451, BA TR Bk
RMEMAZR, FEREHT R B B i 40 A e v 4t vy 4 1%,
FH¥g 2 RIS F 11 THz AR PR £ 2.9 THz, $#2%
REIE 0.8 mW /W2 (58],

BT 44 T RN i 72 40 iR THz B0k
& BA NI B AEAT TE TRESE R R,
£ THz 815 A& K 6 B AR AR A 45 77 T 2 A
LAY S H BTR A 8 A B SAHSMEVE AT DAt &
ﬁin [89}.
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8 (MTIRE) HETUMER R ZH TH2 QCL i (a) &I (b) 4k (821

Fig. 8. (color online) (a) Schematic and (b) facet view schematic of Cerenkov THz DFG emission in a QCL [82],

3.2 ETRINEN THz RIS K

I 2 ZE A A THz I 1) PTE 1E BBl iz B
A TR L FR LR R 103 S T 10 S RAR
PLVCHC A PEAR G, T 78 5 7 0B 22 40 THz BOok 2%
(U R 1 X RERR X6 HR 20 4h QCL 138 K 2047 14
W VAR 32 B P s TR VA R R R i DA R A
e S 1 I R I TR T B 2 K 5 e 7Y
ZEM THz B35 5401,

M 31T RIE R, 44 QOL Y K d5 s 18
(R T A% A A S G, I8 IS TS U A )
(A 2T 5 236 SR e A IR A e I AT S K, A
T A2 S 28 K, (ELIR 42 1 09 THz 3 K v
FEIAR 7 31 SR 22 i K 5 B R 25 900 THz Y5 & K5 %2
ANAFE B QCLE ] — AN H k@i JF %
e R4 H A THz o K 549501 (B T2 R 41k
Bt & S RO AR ECR I N G K. 2013 4, EE
0K 218 BURE Y M o AT S 5 435 460 f JE Atk I 1870 §2
HH R FH 50 0 ' M 28 R e W ) 22 o A1 e it
QCL, W] LAE i P 18 e A hr ks A A6 LA, A
0 S B i K AT i A 190), 2014 48, 36 [ 4 77 =
Hr K S AE XA P S S DX b 4 A, S L
L 978 O B bk o FEL 9 S B QO il K AT i 2
Wi A4 15 THz (1) THz %t 01 e i 5 s0aT bA
SEIL QCL K A 42 T R 1%, Hsz i 5 iRk A,
AT AR 2 8 I AR A R P T S5 6 S A A% ' i £
IR K.

2013 4, 32 B 48 v % 1 K 2= 42 H (1 A s i
VI AT AN 22 4 O SEEL T 1.2—5.9 THz fI %8
T B R ZE A THz 5 02 i BA R 8, 1
WL E R TE, HM L9 L Aotk g T
HUBE VR 18 R0 75 2 BRIk 2 28 4, MRS 1 8 3

IR

z

L.
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Fig. 9. (color online) Broadband tuning with an exter-
nal cavity setup in a QCL [85]: (a) Schematic diagram;
(b) mid-infrared spectra; (c) corresponding THz spec-

trum.
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4 RESRZ

F 2 ZERTR A v Ty AR 4R BE RN B IS THz
WEA MR —. BRI ARIERIT 5 FH)
WEFEARIE N LR, 0 R EE T i H R 28R
HEEZe VAR e b AR T7 TR 73 R S0 e b e 220005
A0, HE B 2% 0L KR RO 2 DU IR BRI
62§ -OPO Y& X OPO Jg; HFZk A8 # ff IR 45 T
MLER A A AL AR VAR A7 DT O B it A 55, g e 2
ZMFA S QCL M &5 A 42 QCL 7E THz % Bt 5L
I R A (1) SR, A X T2 A () I A AR
Mz, BTSN THz $ooR K 17
). RGO JE T 28 22 AR 1) = IR IS e 1
B THz WOGIR I SC BOR 45 T 5 N4,
fFE: LA QCL B K= A A, 12 FHM
REHR B 22 A0 7= A2 THz 3 B9 DTS R 9% 40 47 U i 45
B ER, B4 AN QCL XK (E 4742 THz
) PIRIEHAR.

B & THz B A B J& AR FH A3 0 #0 J2, =
R, al . AT, SE MR BRE T A
THz R K RS, BT ZME AR A m &, &
29, T THz Rk B A R L3, MG A
FHRIR A A Wi & AR LR M d A (K BT AE R
250 THz U5 1 Ve RE R A 58 R I R e =5 (8], FHR A
THz Yt . THz % . THz &l . THz £ %% THz i@
& AU IR TR I R,

SE 3
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Recent progress of tunable terahertz sources based on
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Abstract

Terahertz technology has been developed rapidly in the past 30 years. Numerous applications in medicine, bi-
ology, agriculture, materials, security, communication and astronomy have been demonstrated. Terahertz sources can
be divided into narrowband (monochromatic) source and broadband source according to their spectral characteristics.
From a spectral perspective, coherent broadband and narrowband terahertz sources are mutually complementary, each
having its own characteristics and scope of applications. Broadband terahertz sources can be used for quick access to
the hybrid spectra of rotational and vibrational molecular fingerprints or imaging in a wider spectral range. Narrowband
terahertz source with good spectral resolution and sensitivity, is suitable for pump-probe, fine structure resolution of
molecular fingerprints and terahertz remote detection and imaging. Therefore, developing the tunable high peak power
and narrowband terahertz sources is very important for the applications in the detection and identification of molecular
fingerprints.

The difference frequency generation is one of the most important techniques for obtaining widely tunable, high
power and narrowband terahertz sources. In this review, the recent progress of tunable terahertz sources based on the
difference frequency generation in the last five years is reviewed, including the two fields of optical laser-based difference

frequency sources and quantum cascade laser-based difference frequency sources. For the former class, the experimental
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results from reports with different difference frequency sources and several typical nonlinear crystals are classified, and
the corresponding experimental techniques and results are introduced. For terahertz wave generation, different optical
difference frequency sources by a dual-wavelength laser, double laser, a laser and an optical parametric oscillator (OPO),
the signal and idler waves of an OPO, and double OPOs are demonstrated in increasing their tunabilities. Significant
progress has been made in the nonlinear crystals used to generate terahertz wave by the difference frequency process,
for example, by improving the property of inorganic crystals with ion doping, taking advantage of waveguide and PPLN
structures, and especially developing novel nonlinear organic crystals.

For the quantum cascade laser-based difference frequency sources, the latest advances in the techniques of differ-
ence frequency generation and wavelength tunability are presented. GaAs-based terahertz quantum cascade lasers are
powerful semiconductor THz sources but cryogenic cooling is still a necessity. Recently, difference frequency generation
was combined with the mid-infrared quantum cascade laser technology, thus becoming a leading room temperature semi-
conductor source in the terahertz range. To improve the frequency tuning range in the difference frequency terahertz
quantum cascade laser, wavelength tuning techniques of the inner cavity and the external cavity have been developed.
The difference frequency generation quantum cascade terahertz laser source has been the only technique workable at
room temperature for the quantum cascade laser so far, which opens the door for developing the compact and widely

tunable room temperature terahertz sources.

Keywords: terahertz source, difference frequency generation, nonlinear crystal, quantum cascade laser
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