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Fig. 1 Schematic diagram of stage development of strong-field THz pulse generation based on lithium niobate tilted pulse

front technique
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Fig. 2 Historical evolution diagram of tilted pulse front theoretical model. Green boxes represent relatively independent models,

yellow boxes are supplements and improvements to the former, and red box represents the latest model. Dashed line

indicates earlier theoretical models
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Fig. 3 Critical factors affecting efficiency of THz generation

(DEBEAES/ &K TH2 B EMHTHES S
AR RS, B AR EE S S THz 85
B 250 %, Hebling 2619 F 4 08 FH T 2k &

B0 BIBORA XA RE R . 2013 4F . Bodrov
AEUTURR R A ] CSPMD RRORE 23 530 THz 7= A %%
AWM AT Z ST TR % e, XE

1914001-5



=R X E R LR R

49 % % 19 #H9/2022 £ 10 A /R EH ¢

WK 5 38 2o $ = B UL 9 B SR 4R e AOR R A AR BR AL T L
T AR A T THz 77 A2 8508, 18R 0 26 2% #)
SPM B4 £& 2 H A w55 By JE 2 PR s . i il Az ik o
(30 fs) 75 HE MR #1 & K b 4% 3 1, . SPM 00z AR HE K
ok b B s 0, S5 BOM R e v RN 45 Ak, 1 A 01 R
BB . XA AT DL 3E 1o A in WA ek O =X Clg il iz
iR K ok g g L H R XA O k£ B A K vhos
JE 5% A 2t RN AT AR 7= A2 T Hz B8 5 AR .

(2) £t F W Uit 2 B 5 80 THz W i 38 5,
THz WM AT LA Ry B3R 53, — 8B 53 02 T B A 5 1y
W2 ISR P S B 5 g — 3 0 S OB I R Y 38 1
OET N T S

(3) 37 PR ft S ™= A= A0 Ak e i 9 73 A % 52
5 2ok i v g A I ) B, I P R AR 25 S B 25 A
{7 VETE A i 4 iz fig ' oV A U Ak THz fSF. Wl
7 A 5 SRR A 9 T il R L R DL s OGS
K 83 B2 AR L $: v 4 57 T BE A B ST Y A R A AR R
SR IBURE i R () 24 25 4 B T AR R A A R R T A5 4
R bRl DU THz P2 AR,

C4) ] W £ 72 A= 1) THz 3 S — 4> 35 22 11 )
M, E e E THz i DOPE R B 44 9 18 5 T e S B 7
G B I 1) A, T3 A 1] 8, Bakunov 485 T Ravi
U MAE F T & AT TR I iE. Zhang
LG AT A FH 22 1 R I e A ) A 4 R AR K T
HATHG I . XA T MR R I B A Dk, A e S
Hb g 5T BT A AR G ik v THz B8, 75 B 6 A BT 5
BEHUb Rk JE B b i — 2B 0

(5) PR B XT THz i iy W oA 7E T Hz M B 1 4fr
S RER S 52 B IR B A RS w0 AT DU i R R IR Ok
KIRREAR THz f8 55 090, 38 THz PP 80,

(6) 1 F 8 2 441 () S 400 05 1 A B [) sl s 2%
S ] TR SPMFLZ2 5 W Wi nl R, 38 H R PR
AT B R AR BRI . XERETEKR
FEBEFIC AR, i TR 8 R A A R — A L
B ), T L A AR R KR L OB AT THz 76 ff i
AR 0 IR B AR, AT RE 2 (45 e Su 20 0 AR 15 5 hin B &
FELCRN AR . X SRR R R P IR B N A .

(D RBES NS THz 7= 4 30 R 8 i3 Manley-
Rowe B, ##E Manley-Rowe K&, — > Z WL T
S B — NG T K A R PR A ) THz 6
FHONRERE L iz e 4. Rl T THz Ehot+
W) AR AR /N, I DA BE B A e R ARAK . SR, KR 4T —
A THz Y F )5 . W& 6T 0 e 2 5 W08 & L —
Ao AR R AR AL VT B A% R L XA IR R B A OG- gk
gep= A THz 6+, DO 159 550845 B R i $2 71, 1|
it Manley-Rowe #BR"* ",

DAL I 5 o SRR L 30 ) B4 A 5 B S 0 4 L, W)
WEGAFIE LA T HNE,

3.3 tE{ACOCEL AN TR S A

UL ) AR AL DT E 2% 1A FR RE AR 67 DRI (2 (iR
JEE AR A DC B | AR AL DT T | Ff B2 AH A7 DT e CR 2k Fnd)
PR R 3 A A 7 VT e 45 5 . PR Ok A0 AT
LA KA KIE A THz FIIE LA X 03T 555 22 51
PEB RGO . 55 =R il T LR PR A 45 4 L L B
G2 W THz 850977 A= AR AR SR AN & 58 JE M A o2
VUL 25 R AR M B i ) L 5 D el ot i 32 38O 0 8 AR
FEAT PR A 1) T 8 5 46 g 930 B o R T R OR 2
THz il . i 55 FAp Rp YT Rl A A2 D e, 1
Y2 S ok v i R 1) RS /N TR E THz B KR, 7~
A AR B THz SRS SOR A S s m™ . it
Ah s YRR 2 A7 VE BT 7™ A= 19 T Hz 9 02 4E 1 g, A
2O T L R A

o 6 A OB T 49 R A2 DE L R LA A 2 40 e B
FEh i U g NP R SR F AR L I 4 ) R,
A 20 T, 4 SR — A~ B A AR I T KO B
WO TE A R DB S (A2 D) vy, (R TE I
O ASE A I T (AT B B 2 & 7=k — &R THz s 8 Gl
050 TR A ™ AR BRTE I ORI 2R B0 R U T
(BB . XA THz &% BT A8 806 59 9% B F
1T AHE v, WA B THOGIEGTE . R
T AE AR 2 8] AL AR s A7 = AR Y THz % AH
2 A AE T 0 T 0 R R DR A v cos Y
=y, AT Y SRV RTEUR A . WX T B i G RO ST
H, A 4 (b) Fr s OGS OGS o & (ks k) T
FA BT 2 AT AN [R] B A% 45 5 1), B A8 2k 22 4507 AR 1)
THz R ko, ME AT KA, = DNREMNRRN
k,—k, :kTHZ’ﬁlﬁ k 1y, *ﬂ{%ﬁ)‘lﬁﬁ/‘]qzﬁj’fgj%ﬁﬁ(@gi)
(e F IR A 7,
< (b)

B4 (BUASHE A BOE A = A 1) THz 3 A9 A8 37 (GBERE ) DE i 7
B, (0 SE R (b) g 7|
Fig. 4 Schematic of phase (velocity) matching of tilted pulse

front laser and resulting THz wave. (a) Huyghens

principle; (b) conservation of momentum""

A H AR A OGN SR A F A B AT A
RHE PR L ORI TR Y e L A O R4
Fob Xt 3806 1 R AV AT LA FH O 2R R IR R H T
FARECA A AT LUOR DG 08 B2 55 5k . e Ah . mh s
W EK | Sz 55 I A 5 A L% A 4 TR A S T o A 45
7 A 22 PR 2% ol R B AMOS B B AR R
T LA A AR R

1914001-6



=R X E R LR R

49 % % 19 #H9/2022 £ 10 A /R EH ¢

3.4 EEHEIFERE

i FH s A B 22 4346 (FDTD) 3k B 4231800 4k Aip
AR THz 58 55X — o B A5 A £, 5 ] fg & A
AL vt FR S AR FDTD FeAs W, i AR 2k PE it
P4 T8 FDTD 75 B b K 138 R 3 ]

PR 1R B PN Y G i 7 A THz 46 51 0% 3 72 1T LA
AR 2 Sk o A S [0 40 o 2 ) B 22 4L
RRHEA LI, 7T LIS B — A e Lt e i
R XA Ry R A AE — AR T R AR A
BN M AR . Wang 6500 41 i FH I o 4% vk
(BPMD Fl1 43 25 {8 BL W 7 v ok B50 {8 oK i 56 1 2ot
ETR T ARARY 3D B 1D A 2D KR AT D)5 i A
1k 3D BERIAR B, XA A AR B © 4 AR H R

PBS

Ti: sapphire J i_ _____
i
fens o prisrn o

RS B
4 FRIFRER R JE N THz ik

5 SE PRS2 56 v 8 3 A EOL iz P R PR R A
A B SR 3 THz 48 55 B9 ACR MG an 18l 5 FroR
1 AR 90 AT 2K A0 il OB AR LT AT 150R)
T R R G IR AR\ THz SR B4, kA
WO e 2 W T S 5 8 BE S 206 R — 1 B AT
Sb IR 2 O WA A I B OF AR T IR B A A R
THz k. 7 £/ THz ik el $4 e 28000 &% A6 00
THz 48 55 4 6 o5 B 0 v] L3 5 THz A BLBEAT 3R
i I — A IR 2 — XA A A% 22 48 B2 A1t 35 X
AL R GRS AR AL

grating

OAP

HWP: half wave plate;

OAP: off axis parabolic mirror;

PBS: polarization beam splitter;

CL: column lens; LN: lithium niobate

5 TR0 Az HE R B A R 7 A LR SR S T H 0 ) S 2 i e ]

Fig. 5 Typical optical path diagram based on femtosecond laser pumping of lithium niobate crystals to generate
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Fig. 6 Three methods for generating multi-period strong-field THz radiation based on tilted pulse front devices.

(a) Chirp-delay technique; (b) burst technique; (¢) echelon
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Fig. 7 Method based on PPLN to generate multi-period strong-field THz radiation. (a) Schematic diagram of multi-period
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Fig. 8 Generation of strong-field THz radiation from lithium niobate crystals driven by femtosecond laser pulses and

its applications
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Fig. 9 Schematic diagram of the basic process of strong-field THz radiation on the interaction of electrons, spins, molecular

vibration and rotation, and magnetons

TE58 37 THz 58 B AE LT 58 000 31 A OGO 5T &
FE P AESR T Hz 4 G 75 5 b B B 1 45 4

77 HE ) Y UK S Rl R RS A TRD O L BE 2R RN A5 5 R
JELL MR ER . 2009 4F, Hoffmann 255 F1] F H 35 o i

1914001-10



= RN E B R

49 % % 19 #H9/2022 £ 10 A /R EH ¢

100 kV/em W) THz Jkbgh & THz fiz-8R i E A,
W T i AL 40 b i B AP 3R 7 8h Sy 2. A X R
2 AT SR B W A AR TE SR 3 THz 48 53 00 30 T, wl
BB MR T PSS 7 A5 FAE, R
FHIRVRE () 07 098 T M AL B b i 38 A fl H 7 9 4 1R
AW Bh 2l AR L UL KR fb R i o 4R R R A R
W TR AR XA ST L S ) TH,
ik b F T 60 55 3 T Hz s 4Rk P A i w2z 1k L 52
BT R B E ] RO B3R T sh J1 AT N R AE . 2017
4F, Pein 7Y N B 58 8 320 kV/em # THz ik
RS A T R 4 JE 2R A A (R BR R 2 pm) S EE
THz Y3858 48 2 B0 i ) RO b S2 B T #8 P THz ik
WK B i A T R A RO . B SR . Tarekegne
LA R P8 IR R RL I AT B R K15 H 37 0 R
3.6 MV/cm 1) THz fikop . 5 4 8 (8 F R 2 1) Jm 35
YRR A AS A W9 T REFE MV / em 10 Bl N 5 fL 3
FVIA] 4 2% 7 7 vk B Rtk 4 W 25 A9 o L 2020 4,
Raab %5 F) ok [ & 7 60O 7% A9 38 4 42 TH2
S o I8l P AR A 2 AR A T R 4 R S BT R e T
TR, FE 3 7R T /S PR A T AR et o i 2.
2022 4F, Heindl % F H 38 3 THz 4% 1 8 3 07 WOk
ok i & BB R RO SEI T X R T R RO T
PG B Zw b5 L 35 345 T BN THz 3235 19 98 ik
BIEZE, it — R BGR B Ikrh W SR E R G b A
fap 32 B RN E KL F 4 & B4 Bt T8 4 AE S48 T 5B 5 & .

Wi & R THz 55T 5% BUAH BAE R IR A
THz Yed it 7 MBS PR 3 A% T 0BT R A 1R R,
IR e — L S BlsR 3 THz 58 5515 S 40 21K 10 4 @ 7%
ASARAE T ATRENE . 2012 4, Liu 25778 5 T 498 R 41 i
RHE AT AR SRAT 19 5758 2028 300 KV /em (1 B & 1A 5
Y THz kb 5 8k AL J5 38037 384 5 8500 AR 45 6 78 4T
JE VO, Liil& TE 2 ILPRIFZEM L 7E 1.5 pm BFF O
Y IE] B i S A AR VO, [ 4R A AR i
2014 4, Matsunaga %" F 5@ ¥ THz %% S
NbN H i 57 2 i B IR 1 - e 200042 31 8 3 K7 Il 77
Tk 37 8 5 Wfe B UL R B 26 BT v EE AR RSN . TR
Bf AT T R R A e ANt 3 22 1) Y R kv A
THz itz -3 19 7 %€ 07 LA 1 3 5 B8 5 4k b wf
8 55 56 37 AR B VE ML

2017 4F, Zhu %7 AR RS SR 19 THz 8%
T AESER BaTiO, I (1 — 4> 98 K 9 1 BN 3 4
P b 354l AL A 75 -, 5 R R S B s ] D 0 B X B 2K
IR T AT RO K SEN I o ¢ W N S U R L PO
PEAT AR . URAE . Reimann 2557 41 4 H A5 W0 J5 391 4> 9
R PO T % (ARPES) &, L8 T i
THz W XF Bi, Te, #1503 11 25 6871 25 #4 Hh 2Kk 9 7 2% ok
Fhin s 7= A E I B B R L 3k — AIF 9 R 43 AT RE A 4
Fa b B I A G 0 4 B R BRI T R 2019 4, Li
SRS THz 3 i & F S0 B T 3h 835 S8

BRCSrTIO, ) Hy G H AH 21 50580 Bk v AR (9 5% 7% . [A] 4, Shi
AL ) P 1 A AR Dk T B R AR AR 29 0. 3 MV/em Y
THz ik ft, 55158 %00 45 G, 76 5023 FOBLZ ) — 4k
EE B EY MoTe, Hifs's 1T M T4 75 J7 #H 214 1
o 2% AR /T4 B8 AS RT3 AE AR 3 TRIF 5 Sk g ok
H THz &8 5 — 4 )2 R B A AR 25 T 564

2020 4F , Kovalev %" F| UL PER b £ A THz
Pkwpifs T =4k b ek &R CdyAs, 774 T M ik
W . [AIAE L Shi 265 F F B F 958 3 TH2 bk e =I5
75 00T KBl 52 o S AR o I 4 8 MoS, kL F A, A
T 5| 4 7 PR 07 3R 30 B 2 AL K 46 i, ik — 2P
S BOL A H W W I R, T R TR BE T Hz 3% 19 722 4k i A8
ft. 2021 4F, Schmid 45" ] F f 38 385 oo 4% 1 2
JA THz Bk b7 = e b 4a 22 {4 Bi, Te, th™=4: T &
YOE I I B sy YO I 1Y 6 % i 4 s 2R 1 A Y o ik ik
AT, DT 7 2 A UCRA A1 OIS I

B 15837 THz 48 5 09 o 35 53 18 6 B 5 R ff 1% 8
5 0 5 v AR ) BT AN L B R 5 T Hz 48 59 10 G 3%
ML ] LAXS S HOBE#EAT 45, 2016 4F, Bonetti
A5 SR I (H 358 8 60 MV /m 9 28 8 5% 3% THz
ik b 38 e TR R K A R AT 5 A R K L O R
TR 5 J 0 A it A B A 0 vl 4 0 810 PR i
% IS IE  THz 38505 5 i - P B BT M A e i
kLA B A . X — TAEIEM T F H %% THz
TS T IR BE G A AR BE T, 2019 4,
Schlauderer 25" 5 1§ {8 377 5% 7] 15 1 MV/em 158 3
THz 48 91 5 4 J@ K225 1 1) Jmy 380 3 1 5 24 07 AH 45 4
fE5R Y THz 485 R SRBUR IR A TmFeO, 5L #
Sl Sk R AR B Bk — RYRY HLIE A gz 8.
[7]4E , Mashkovich Z£P SR FH B 3738 BF 5 0.5 MV /cm
W) THz ik o, Fe 4R 3%k 55 ROk RE 1R FeBO, H1 A9 & K
Wi ek G A SRR & A GHz B e LR DO %
F) Ol - SRR . AE AT IR S THz 58 9015 5 2 md i
S EH PR B BF 5 A9 S B L Chekhov 2557 F 2021
AERESE T Ok P S THz ik oh i & 8 wg 14 05 51 1 i
POERE IS . [74F . Mashkovich 5% Rl THz Jk o
0K Bl I Bk R — s Ak &l (CoF,) g M T 8% IR & &
AR IR R R THz &5 1 0798 T M THz #%
T3 THz 75+ H S5 A& G AR

A, ¥ 5w THz &8 $3E T A PR 40 78,
AL R — RIS . 2019 4, Damari 25 Fl]
FWEAE 7 R 50 kV/em (9 5081 THz ik b BF 58 o
FLAE S A o 18] A SRR S PR A5 R BOR o FLBE K
ki An B-H 2R IR B AR AL THz JR A & A #i A .
FWEL RN A 13Utk M EME Re b £ 4
THTESR IR . 2020 4F, Peller 225 F) /1 H #8
A B R R A TR R v iR Y T Hz ik vp i) i
i BN — B . DT 7R W B T S Ak A v g A
A7 1, b BB BE (MgPo) 43 7 44 1% 09 524 - JF & s

1914001-11



=R X E R LR R

49 % % 19 #H9/2022 £ 10 A /R EH ¢

T T4 B T B AR e i L I T R X R o &2 AT DL
BB 3 5 R A T

TELL LB £ W98 TAE 08 R 98 19 THz ik o

1

Table 1

TE SC B Wy 5 () 3l A5 45 PR B T =S H =R A .
F 1A% T UL ARy THz 5880 0 T2 Sk i
FARE B A B RL 25 T 10T A B A 2

BT 408 R AR I8 AT B AR 7 A R T Hz 4 S0 7 0y 5 8 45 45 ey 8 AR 2

Application of strong-field THz generation based on lithium niobate tilted pulse front technique to matter

modulation field

Year Researchers Field strength /(kVeem ') Publication Ref.
2009 Hoffmann et al. 100 Physical Review B [69]
2009 Hoffmann et al. 150 Journal of the Optical Society of America B [70]
2012 Liu et al. 300 Nature [75]
2014 Matsunaga et al. 4 Science [76]
2016 Bonetti et al. 60 Physical Review Letters [84]
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2017 Tarekegne et al. 3.6x10° New Journal of Physics [72]
2017 Zhu et al. 200 Physical Review Materials [77]
2018 Reimann et al. 2 Nature [78]
2019 Li et al. 550 Science [79]
2019 Damari et al. 50 Nature Communications [89]
2019 Shi et al. 300 arXiv [80]
2019 Schlauderer et al. 1.0X10° Nature [85]
2019 Mashkovich et al. 500 Physical Review Letters [86]
2020 Kovalev et al. 140 Nature Communications [81]
2020 Shi et al. 420 Nano Letters [82]
2020 Raab et al. 55 Nature Communications [73]
2020 Peller et al. — Nature [90]
2021 Schmid et al. 3.0X10° Nature [83]
2021 Chekhov et al. 1.0X10° Physical Review X [87]
2021 Mashkovich et al. 1.0X10° Science [88]
2022 Heindl et al. 400 Light: Science & Applications [74]
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Fig. 10 Schematic diagram of strong-field THz electron acceleration and manipulation and its applications
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Fig. 11 Schematic diagram of biological effects of strong-field THz radiation at different scales
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Abstract

Significance Terahertz (THz) science is one of the technological frontier fields of significant research in the world, and
THz technology has crucial applications in aerospace, national security, communication radar, quantum information,
material science, biomedicine and other fields. The THz electromagnetic wave is located between microwave and
infrared, and its spectrum width is about thirty times greater than that of microwave and millimeter waves. It is a
strategic frequency resource that various countries are scrambling for, and enormous demands occur in both military and
civil applications. However, this frequency band, which connects electronics and photonics, has not been fully exploited
and utilized. The THz frequency band has many unique characteristics, such as the time-resolving ability with narrow
pulse widths at the picosecond level, the ability to penetrate paper and clothing, the spectral properties of many matters,
and the low photon energy. These unique properties give THz waves many important applications, such as nondestructive
testing, communication radar, security checks and anti-terrorist, and biomedicine. However, the key factor which
hinders the development of THz science and applications is the lack of high-performance THz sources, core devices, and
system integration. Among them, the lack of high-efficiency, high-beam quality, and high-stability strong-field THz
radiation sources is the focus and difficulty of the current solution.

The methods of generating THz radiation include mainly the electrical and optical methods. This paper mainly
discusses the optical methods to generate THz radiation. Optical methods for generating THz radiation include
femtosecond laser excitation of nonlinear crystals, photoconductive antennas, plasmas, and so on, which are widely used
in sensing imaging and communication. However, the low efficiency and low energy of the current THz radiation source
directly limit the nonlinear effects of THz-matter interaction, novel quantum matter state regulation, electron
acceleration, biomedicine and other multifaceted frontier scientific and applied research. Therefore, researchers in
related fields are working to improve the performance of THz sources and to further promote the development of THz
technology.

After the presentation of the tilted pulse front technique, lithium niobate crystals with large nonlinear coefficients,
mature manufacturing processes, and high destruction thresholds are expected to realize the generation of high-energy
strong-field THz radiation through femtosecond laser action. Currently, pumping lithium niobate crystals by femtosecond
laser based on the tilted pulse front technique is still one of the effective ways to generate high-energy strong-field THz
radiation. Therefore, it is crucial and necessary to summarize the relevant research on lithium niobate strong-field THz
sources to promote the development of this field.

Progress In this paper, the study on lithium niobate strong-field THz sources is summarized as follows. Firstly, the
development of strong-field THz generation based on femtosecond-laser-pumped lithium niobate crystals is reviewed in five
stages (Fig. 1). Shen’s research group at the University of California generated the world’s first THz pulsed radiation
from lithium niobate crystals by laser pulses. Hebling’s group at the University of Pécs, Hungary, proposed the tilted
pulse front technique to solve the phase mismatch between near-infrared (NIR) light and THz in lithium niobate crystals.
Then, the development of strong-field THz generation via tilted pulse front technique based on femtosecond-laser-pumped
lithium niobate crystals has been initiated.

Secondly, the principle of lithium niobate tilted pulse front is described in four aspects: the history of the tilted pulse
front theory of lithium niobate (Fig. 2), the key factors to be considered in the theoretical model (Fig. 3), the phase
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matching and pulse front tilt angle (Fig. 4), and the main methods of model calculation, respectively. Guidance is
provided for generating high-energy strong-field THz sources in the future by summarizing the historical evolution of the
theoretical model for generating strong-field THz based on the tilted pulse front technique and the mechanism of radiation
efficiency saturation of lithium niobate THz strong sources.

Thirdly, the generation of lithium niobate single-period strong-field THz is described. A typical optical path diagram
(Fig. 5) based on lithium niobate to generate a single-period strong-field THz and the composition of the tilted pulse front
device are introduced.

Fourthly, the lithium niobate multi-period strong-field THz generation is described. Two methods to generate multi-
period strong-field THz are introduced: the one based on the tilted pulse front technology of lithium niobate (Fig. 6) and
the one based on the quasi-phase matching of periodically polarized lithium niobate (Fig. 7). Lithium niobate crystals are
one of the most popular materials for generating strong-field THz, both for single-period and multi-period.

Fifthly, the applications of lithium niobate strong-field THz are discussed, which are presented in three aspects:
strong-field THz-matter interactions (Fig. 9), strong-field THz electron acceleration and manipulation (Fig. 10), and
strong-field THz biological effects (Fig. 11). These applications demonstrate the advantages of this type of strong-field
THz sources and raise the need for higher strong-field THz sources.

Finally, the strong-field THz sources and applications at Beihang University are summarized and the results of
Beihang University and its collaborative team in this field are introduced (Fig. 12). We are looking forward to the
unprecedented new challenges and opportunities that extreme THz science and applications and their multidisciplinary
intersection will bring in the future.

Conclusions and Prospects Pumping lithium niobate crystals by femtosecond laser via tilted pulse front technique is one
of the effective ways to generate strong-field THz. In summary, lithium niobate crystals are one of the popular materials
for generating strong-field THz sources, and lithium niobate strong-field THz sources have played an important role in the
applications and studies such as the strong-field THz interactions with matter, electron acceleration and manipulation, and
biomedicine. In order to promote better development in strong-field THz sources, the study of lithium niobate strong-field
THz source still needs to be deeply explored from the aspects of theoretical basis, structure, and application scenarios.

Key words ultrafast optics; strong-field terahertz radiation; lithium niobate; tilted pulse front; femtosecond laser
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