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Fig. 1. The crystal structure of BiySey: (a) 3D schematic of the structure, where £1 2,3 present the primitive lattice vector; (b) Bril-

lioun zone of Bi,Ses; (c) the zy-plane triangle lattice has three possible positions A, B and CPl.
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Fig. 2. ARPES measurements of surface electronic band of
BiySe,l*3l.
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Fig. 3. Separation of the photo-currents in topological insu-
lator excited by linear femtosecond laser pulse: (a) The de-
rived terahertz signals due to nonlinear currents as a func-
tion of azimuthal angle; (b) the extracted terahertz electric

field generated by different effects*l.
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Fig. 4. (a), (b) THz signals emitted from Bi;Ses in time and
frequency domains under illumination of left- and right-
handed circularly polarized light where the azimuth
¢ = 30°; (c) THz-wave amplitudes as a function of the po-
larity of pump laser in time (blue curves) and frequency do-

mains (yellow curves)sl.
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Fig. 5. (a) The YIG/Pt heterostructure used by Seifert. et al."; (b) after 1.9 nm Cu insertion, the THz field intensity deteriorates
because the spin injection is impaired™); (c) the Co/W heterostructure used by Wu et al.®%; (d) the THz waves emitted from Co/W

have a peak intensity exceeding that of ZnTe crystalsi®2.
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7y Bol

PR — ¢ EP?, (4)
e oo S B 2 [H] Y HEL SR

2.3 IRINEGHE AR LIRS

Hi (2) AT, ZEBEAAT A AR A 't 23 e 4R+
Y SR AR IR KM AEAR R ) CPGE 734, Bz
TCA AR ZS S R NG G (A v B8 R 25 K 53
FAL L, PRI FMEGAR T B 2% K ik 2 FIAR
Z R, WS (R AR ) ¢, KB
YCRIAS 055, th (4) sUATAL, OR AR TG
P LI T R R, B OR 77 A8 I Kbk 2% 43 1t
HEREMTTAA R, AR AAS FEORZE
P24, fE PDE H, T PUEY 5K IR Ths g5 BT
£, PDE FBLH AR R A9 7 (7 A s ok, 281,
T PDE i T IOt # sl &, 7EBUB ot ALt
ST, A R 2L 2 B A e . AE PGE
TSt CPGE i /& LPGE 800 7= 4=, ARt T
M SRR AR B L 70 BP0 BT DIAEA
S F BRI, PGE 300 5 | AR R 2% i S B e
SREZ . R, T CPGE RIR T4k
PRI A, 5 2K L 5w HE PR e o Ak %1, BT L
CPGE 5 AR5 ARG TR L. %1
JEIR T AR AR S AR 7= A 1 PR L T B 45 o
P AU 2 P01, X LT 1/4 B BOFE AR oA
FHOCI IR R L. UESE T I Z AT B il
TSR R A AR DO HLIAL, E TS R R 2%
PEATR A AT REE.

EAEERZ, Tu s P9IAN LPGE 55 i
FATEIR, AT TRE b R 2E e B 7 (o2 Ff S A ) 23
#IHN T PDE #l OR BTk, SR, Fir st 4h

R4 B IS IE ] LPGE KR T A [FC K JE 1
Z AT HLfar 3 B 7 A S RS L UL, X A% H TRV i
F 8] (R Ak 24 530 3 6. 7E BiySes 1, HH T Bi—Se
HEAE 2 L XS RRYE (K 5), LPGE P2 A B G HL I
—E SR AR 120° A MIPEAR L. X5 Braun
55 PO Ml Fang 45 1 (4582 — 801,

K1 MG PR POGH RS SRR ¢,
NS 0, WOt A RO ¢ 5 b

Table 1. The details of the dependences of CPGE,
LPGE, PDE, and OR on ¢, 6, and o [,

RSN AIATTIR 6 ASHA(6 — —0) 1/4B R a

CPGE KETRImA  MMESd% 20 -FAH
Hekk sin (2a)

LPGE CRIETRImA WS do-JAH
& 1 sin (4a)

PDE & 1S et S B 4o-JE
cos4da

OR & 1S WA R 5% 4o-JE

cos (4av)

3 #kEE/AEEEL RGP E R A2

K 4t

852 W B G T NG SR M
BHOCHLAE R AR RS, SR 2R I K
B2 R R 7 1) R TR L U 7 160, B
Jrih). SR, BT HOBFIE R, Wi 2 1k
TR RAL R R IR A, i T e A, LT 1A
7 AR 5. ORI 5 Bk /- i 5 s
R 2% 2 SRR, 76 CRPIOERIIB T, 11 se
USRI 9970 B [ MR RS (71 45 [ sl 12
VA A 1 SN B 2 T A B AR R
TSELE 65 [0 0 2 0 P, 77 P O (72, 3 T A
KRRk, FLARR T 1003 B T AU, R T
S M U R M /i SR G MR 1 e A
I BRI TR, ¥ e A 2R Bk /A W S R 2
f9 1 JE K2 A DL

3.1 REEFHBREEGEN

Xt g /A e A Tt I — A~ TN B R, AE
S22 3 RO CRRETIS AT RUAEAE )2 G 2]
— P, BRI T ERREE AR R A HER .
Uchida &5 [P Ay X Ff (9 € 0o I8 T Bl b4 et v
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A H Jié 2 D1 7807 . Seifert 55 M 78 YIG /Pt 5 )it
PSR T H e 2E DL s A0 S BOW R B e
A TRENEOE RS ET, 4 )R 2 R R R T
WM, ™ A — A BB S F 1T A v
BE J5, FHor I AL R i o AT TR G
M. BT AR ™A SRR FrIife 5%
TR G, HARRAG U AT e Fb 5, PRI A
JREZE D a5 | AR B e, Hah M AE Kk 2%
Wi, iE—H, hFHERGZ 0 ISHE, A BeEm gt
AR SR ] HL AT, SXCREPE T —/ NI TR

SR, FFAERTA 1Y A e AR AR RE S — i H
F Jié 28 DL S s8R Y REPO LR e 2 B
RGO Y B RS A e (770, 1T R
A BEREA . Kampfrath 25 19 F] ] CEMEOE bk
WA Fe/Au 5, WELE| T Kbkzzmgt, I0H
S R A BEE A A YT A e AL
(superdiffusive spin transport). 7E H W I fE &
BREE, AER LR TR sp PuB R, 1A
] T R RN d HUERHE. BT BT A
HL P SRR R AN R, PRI E 14 B e A
QTR PARRA, RG2S IR T A
RS, S T ABET M HERE 2 E AL XA ROE R
B H A EN, HAh ARG A A e i Fb i
9, P AT DASEIR 2% e 2 ) B2 F e A 7.
55 i E DL e s — 35, X R [ e ey 5
R ZREAL T 1) 2 AH R Y.

BR AL P e E ML Z A0, wEPEA BT
PURMEII G D274 A BENE, XA A BETE AL
FRA A sz 200 (spin pumping effect). 1 &FP
OGS R 0GR G G A R 25 Sk & 269
ZHb AR IE U8 AR PR B A R v BRREE M A
eSS R E AR, ST A ATEEA. H
T ez W REE R [R] 5 [ e E A BAE A O,
L () RUBE Sy B A0 1 4% (790 DR I [R) R T 7 A K
RZZ R, SR, BT REPEOES | A B #ETE S AUAR
NN RVRE D i B VA S G ONED R N T
Kampfrath 55 19 3187 Fe/Au 5 i 45+ A e dh
1B N AR HBE T AR Y BT BOW P B e
NN R D L

EAERERNE, HETH = 54— B kit
SEAE TR R R F e AR, FERiEXT T A e
DU s 0 AR FO N X PR [ i AL, A
(RG22 T B TC B P A A800 T A e

XarIPk. ik, BRAETCE DI As H IR 1 g v
AU B DRSS B AG rb B RBR 2 S s 2SR

3.2  RREHHBiE- B R KL LSt
FE A TER N2 E AR EREZ s, T
w2 AR A TEE RS S AE L, AN BEE )
FL RN R 7 Tl e, Ak e far AR 3R Xl
& ISHE. 7 H g JIEAEEBE TR, HT
ISHE, HieH 73228 m EMER, tE4EZ
F4) PP i e S L g R SR B I A A ) LI T, R
Je. = Disued X o, (5)
Horf Digue N ATEE/RRZEL. | T J ALTE N B AP EY
)RR I, JHLE 0 S %) Pl 0 0 B 1 7 2 A 2%
LR, B, 785 Bas o] DLSC IR 2% & 58, H
%%ﬁftj{l [80,81]

By (w) = Jo () °Zo

d
ny +ng + Zo/ dzp(w, 2)
0

Hrb, ng Mg AR T, e HHEFH
7, Zo HEASBAYL, p ok BT 0] 004 Jm L 5 .
a2 (5) A1 (6) AT %1, ISHE 7= A= 19 I 548 1]
i Je 7 e H T A TR ALK B o, RIS B4
AR 8 A A 2% 8 S i 9k T 1) S LT RGO 1) X
5 Kampfrath % 19 fafF58 455 — 2. Seifert 55 74
WAE YIG/Pt S Bz rh L sl 1 A e Kwkgk &5, Tk
ST REMEOET AR FREZE DL vw 500 A 2 S I
A e AR T B AT Zh AL 53 6
AR B e B, U] T A e ZE DL ason Ee R T
AEfE 2 1) S

GEFIN R /AR R S B s AR 1B 5 A5 H 00
b, BUTE T 2 RE A% S R ARIBURR S o B2 | 47 5 55 D A6
B TE R B 25 SR, W 55 B2 BF5Y T AN [R) JEE
TR 5 AR 2 X AR DR 2% 0 R S, R
B W (6 nm)/Co(3 nm) X2 5 5t 45 Fr & 5 1) Kbk
2R R ZnTe fhR &SR, I H., XFE5H 1Y
FI A 2% & S U530 HAT RN FE R R, RIMEREOL
e IR R 0.6 pJ/cm?, JIRETE S A LR
FE R %% K 5. Seifert 45 PO ffi il W/CoFeB/Pt
Ml = 2 S B e M AN AL e BUZ 4548, th T
W A Pt HAE FRER KA, PR AR Y
R 2% e S AT AAH &, ki =2k 130 THz

, (6)
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ARG SR AR 22 bk o, HLRE R AR SR B LT
FFYEH SRR GaP(110) KF2% & HHE.
i, Zhou 55 1831 ¥ YRR FH AR W8 A1 IR 2 4
J& MnySn 5 48 Pt A8 A Y 57 45 S T Kk
25 R, HT MngSn A =1 A eSS, AW
Al A Y MngSn 7= A= B ) A BE 3 R /INAS ], P
el 28 A AT DA 3 B MingSn J2 19 AR AR #8
S T2, S KRR 2% D R 2 . 53 41, BT MingSn
[ EA B FU e /R 1, X RN AMR P4 T
DI E T4 B 24 L ISHE. Zhou 25 BFFEAMHEIIE
(a)

G
"z
fs laser :;‘?,%';2

p 4
7 Terahertz
wave

Circular teraherhz
wave
Terahertz and
pulse (1st)
fs laser Bt A | =
"‘\___“\-.

v

2nd emitter

d A

1st emitter

Terahertz

pulse
Femtosecond

pump

, || Ern(t)

V JI ."'\'\ e

Pulse 2

Pulse 1

Pt/CoFeB/W

&l 6

(b)

=
2

Ey / arb. units

E,/arb. units

W1 T K 2% T LI IFTE A R i I RESS A4 1Y
— MR T 75, SEIERT T MngSn HUA S H ER
A% K -5 P A R B )

3.3  BRWE/ARWE SR EAE R B ER LA H

A (5) IR, Sl vh A 5T i A EASHE 2%
(%77 )2 BT REA T 1], SRS Hhid a2 1A
SRR REANR], F BRI 2Z AT A Y I
PRARZS . LRI, A BE A 2L IR A ST BE T 58,
RO R EZREACTT ), AT DM IR AR AR 77 150

— 67, ~1 THz
— 67, ~1 THz

/

0.4

E,/arb. units

—0.4F

—-0.4 0 0.4

E,/arb. units

6
7=—0.3 ps
7= —0.325 ps
" 7= —0.35 ps
h=1 7=—0.4 ps
g 4 s 7=—0.5 ps
. i f \ 7=—0.6 ps
Fz% = \ T=-0.7ps
> -
)
el /
=}
h=
e 2r
£
<

1.0 15 20
Frequency/THz

(a) TES Fr4h Bhtn T PEAR 5 A S8R5 S 5 AT LUOAS H 550 KA 2% B ) T (b) 1 () IOAIBE ANt £, Horb ot 5 0= 23331

HFRZE e 5 A B AL R #2515 5 5 (c), (d) Chen % P2 353 A SRR 2% K 0 i, WI 9k S 458 BR B2 WO RE AL D7 180 55 AR D7
T PP TS, 3 2 ) S O A 2% R 57 22 AR I, R0 LAFE AR 755 A B i AR 555 (e), (F) Wang S5 U AT A9 XAt 2 A K

o 5% AT A, T AL AR I e e AEE A DL 4 S R 2% ) I A A S

Fig. 6. (a) Manipulation of the terahertz chirality by changing the twisted magnetic field distribution; (b) the Lissajous curves of
the THz signals of (a), where ot and o~ present the signals with left-hand and right-hand polarity®; (c), (d) the cascade spin-
tronic terahertz emitter designed by Chen et al.l??]] a circularly polarized terahertz waves could be obtained by controlling the phase

difference between two stage terahertz and their amplitude; (e), (f) dual-pulses induced terahertz emitter reported by Wang et al.?!],
the frequency could be manipulated by changing the delay time between two pump laser pulses.
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SRINT, FEXIAIRENE B S R v, 2 S0 e
25— S L ARIR 1, XK PR T B e A 2% U5
IR AR, A T Rt X — R R, Hibberd 45 54
W AR AN I T T, B BRRE Z R A, S
BT XF M AR 24 IR S i s . At D FH
PEAH R B K BERAE ARG TR, NiFe/Pt SERZ51E N
KMFZE K SR, TV A AR R, S sl v
S AR 22 M I . Kong 25 189 U A FRIS T 3iE B
TSRS TSI S ARG A A R A7 A A 15 A R
() A BER AR 258 5. FR b, 78 AN R X s A
R R A5 FLREHE 7 ) A ELAS 3] DAy [
TR PR A KR 2550 5T . A THE T H S AR 24
5] 2% 5 0 7 W AR A B AR 6 22 I S 58 LAIE
S 6(a),(b) B, KEREdh B T IR BER R,
FERGESA TSR, 2% 0 il Ae 7 =X el 20 e
SR ATE. SR, Fh T AR kS v 4 ) B 2 Akl e
W REYE S AT, T DA 3 SO S MRS A R T
T AR S M BEAR K. Chen 25 22 1738 T {8 2%
B A SR 05 P 7= A ] s [l P R 2 8. A
MIHES—GRE S Ftn 7 /K7 ml kg, (=
A8 IR ER P R BR 2 R AT, AR SR G LN T
J7 18] L (R 7 A KPR 0 KB 2Z a5 it ek
70 R 0% R 2 1 B 4 ) S S R 24 I8t P A 7
2, SCILT R I P R 2% i 1 A (B 6(c)). it
—, MliE LT — P R SRR S 5 gk
i TR A X 55— SR S 1 DR 2% D5 A B PR A 5
B, AT LASEER B fm B 2% B m e (1 6(d)).

B T SCERHOR 2 A6, B e R K IR A
T S8 ) T E AT T AT Ee AL L. 2019 4,
Wang %5 2 JF I8 T XS RN T F e A 22 45 1
R E R, IRl 6(e)—(f) Fi, 440 M o &b
WO R B 2 kg /AR R 4 B S B s I, vT LA
T s T Sk e B 22 D 1l 5 e RIS E > 512
BUXT HH S R AR 2% A3 5 B A A

4 SREE YA BN SR S B R
N Y&
41 EIMEZEN BREERATE
o5 3 W EBAG T RRRE /AR T I i
KRR, A (5) A1 (6) WL STE T 1 i
R 221 B 8RR TR 219 1 TETR/R AL,
T e AR R W T 1 HEAR AR 1 s, B

R Z 1Y Oy R, T2 S8 R 28 YRR B, X 5
Wu 45 B2 (R BIFFE 45 32 — B0 A AT 1 4
Co VENERBEZ, AN 6] 0 H 5 J@ A RHE AL JZ
S UGS W R R 22 A SR EE , Z5 R WoR, X WAE R
EREIZET (Osu = 0.419), S BT4S H 5F A KRR L I8 (.
7& Ta(fsy = 0.1557) RN HERLZ I B 10 1. W4
FNEZAREAFFIRY e 2l 2 Bi0E P F R T 2,
5 HERIE FE G AE TR T X R BHI R 1 E e H
AR, A R R A Ll R RS 22,
PRIt T A A 6 T LA 18 19 T R 2% 4 33 i
IS R BRI 2% A5

F Jié- Ha frp % 4 R0 38 48 (R SR T8 A BETE AT, 46
FN AR FI ] ISHE H4 =% Ak i Ha far i Y BE 0. A
T RENE E LTS N SRR - R T A R R
. Wang %5 B8 ffT ] A e /)RR (spin torque
ferromagnetic resonance, ST-FMR) ) J7 i Il &
T BiySe; B ABEE /R M. WE 7(a) Bz, flfiT7E
BiySey/CoyFeynBag(CFB) Pt fill— SR A5 L I,
A 3ok A7 R U P I A e L L RAR S TSR
WA BigSey 25, BT ABEEIRNAE y)yIn &
AR A, P AR Al F eI A BIAEARR CFBH, 2k
A% CFB WA Y PELCHE 5| A WA 2R3, I H A H
WAL RGP E—A y T A 307, Basfl
CFB ZFJIEMER. T ST-FMR HLE(5 5
XFPREIE 43 B KT A e Ak A B R, i SOkt

Bias-tee

@ T

Signal ref
j_— lock-in

z M Ty
z
2 et
(b) y P
. Irp W 4
e e w
BT B
* BN ~_ O o
b 2 7 —
. RF
A &195'@ ! e
< i =

Kl 7 (a) ST-FMR WS B, (S kA4 (SG) 44
R 5 o0 — A S 450 e 3, 3 SRR Y LR AR S R
FIE G AR L BERE R AR5 () 57 DTS Hh 0 B a0 B o R )
Fig. 7. (a) The schematic diagram of the ST-FMR measure-
ment setup, an RF current from a signal generator (SG) is
injected into the devices; (b) magnetization movements in
the ST-FMR measurements/sl.
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PR 531 R TS IR 37 1) BTk 5090 P v LA
I I 5 AELIE ARG 10 F MR B E H e 5
far it B FUAEL, B BERE JR A Osy . Wang 5558 1 115
3t BiySey 19 A BERE /KA R 1.75, Hid & py 4l
(Osu = 2.000) B2, 3% 2 JBIR T RN LR 5 LT
AR [ e R AR L NG 2 AT LUE
FIE SR AR B A JE-FB AT e 4 AR R R Y 10 £
PLE. B, B B bR 2% &5 de 2 ob, bz
PRI Ay S AR AERE PP/ 4% (magnetic
random access memory, MRAM) 4§ #r i H Jig
TR E AR 92

F 2 IEMESI S UM SR e R A B
Table 2. Spin Hall angles of several topological in-

sulators and common heavy metals?.

Material Osu

Ta 0.15

W 0.40

Pt 0.08
Bi,Se; 2.00—3.50

Bi,Se, , 18.80

Bi,Sb, , 52.00

4.2 BEGK /PR R PR B K%
%5t

T N8 S AR R 1 B e - F ey e 4 7
BRHE RN SR A S JS 2 v T D) S s 5 R
2% & 5. 2018 4F, Wang %5 68 & Y F) F BiySey/
Co SJRZESIN T A BERMIZ LS. Kl 8(a) FiR,
AT KR 800 nm TR 60 mW i KAV
JEAE ELA G L, WORTUR M Co JZ2 A A
BRI VE AR BiySe; 11, Fh1 ISHE #5 KFMK
S5 B T 2 1 0 B A RUBE L AR 1) R
Ui, FEM A KL RS, T HERR 2R P 2
A e A L e R A R 2 1 R DA X S B R
25 Tk, B T CEMEOEEUL T BiySey Ml
Co Y KBFZZHR ST, W 8(b) B, BARS 4k
e - H fmr e 45 | AT 18 A 2 28 S A B R R 2%
RS s = AL S AT AR A
SR, KR 2515 5 MM I & A 180° Y L %, TACA% T
HMNEEZ I T 1) 5 U BE L2 B W) R R AR 1 S B
% (I# 8(c)). XA ASS 7 10 SR T g AL B2 1)
J7 a1 43 56 R ISHE H ) A BE Js Fl A BER A6 5%
oM, B (5) ATAL HiEOE R A S

AR AL T 16 SIS ISHE 77 A 4 FL A7 U 1)
BV 2 7 A I R R 2% R G S ).

J T HRAIE BiySes/Co S5 M LSRR, Wang
55 8 fifi 5 BiySes R IHAHIFIERE (2 nm)y Pt E
Xt R, X Fe A AT D™ 26 e R 2% e B2 1 22

(a) BisSes Al2Og

L}
800 nm

51 (b)

4+ —— Co(3 nm)
— BiySes(10 QL)
—— BisSe3(10 QL)/Co(3 nm)

THz E-field/arb. units

—-1.5 0 1.5 3.0 4.5
Time delay/ps

5.0 F (c)

— Front, +B
— Front, — B

2 — Back, +B

= 2.5 — Back, — B

=1

el

-

<

] 0

I

=

&

N

o —25

=

—5.0F, | BiySes(10 QIL)/C0(3 nml)

—4 -2 0 2 4
Time delay/ps

1 8  (a) BiySes/Co 5 Bi 45 #4 /5 B El; (b) H RBP4
MK BiySes/Co, Co, BiySes 7= A4 1 Kk 2415 5 ; (c) B4
A5 10 5 W WG TT 10005, 5 B 4SS 0 OB 2% W
% [65)

Fig. 8. (a) The schematic diagram of the BiySe;/Co hetero-
structure; (b) THz waveforms generated from Bi,Ses/Co,
Co and Bi,ySes; (¢) THz waveforms emitted from the hetero-
structure measured with front and back sample excitation

and reversed magnetic field(.
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SR ZE R R, TEAHF A SURE T, BiySes HIA
SRR P Y 1.7 4%, Hih BiySes (10 nm)/Co
(3 nm) M & B RCFERE ] LIS R ZnTe Mk
FHIESE . RSN, TR TR Fb AR )
I T FL 77 2 50 U BE ) R AR AN SRR Sk SR R S
UL T NG AR /Bl S T 2 %o S AL AR
FE BRI R 2 A S AR RS . IR E, BT
MR RR PR T DRI, A BT DLk S
K2z M55, PR NS AR /s S5 o 25
SR BT IS AN BB 4% K 5 i

4.3 I BREXHZ LSRR

M G A E 5 BR A BHE S F S A R
RS A S AR, AT LA™ AR R B 4 A TR 2%
5, SR B B AR 2% B 2 ik EL D $% 07 1 S
T T B SR B REAC T ). RN, PRI TAT P38 T A,
P MG AR B R P 4 R 2%, o AR LB
SIRPEFN TR BYAE AR Ik 1 F7R, AT LU
BUEHEESE AL | s e AR AR A TR il J7 oz
RS BRI N A BRI R 2% Dl it A T IR 4.
I, T LA 4 i S 75 1 S T A R
BRI GAR P AR R 2E A R 7 18] T
AR 25 A S AN MO TARZRMARE, RIFEZRTER
MR 2% A A BER R AE I IR T 1) A — e fh, o
PR FEL I A O R REIE T A BETE A, RV AROR AR 2%
W Z I8l —EAAE—FIOL2E. e RO GIUR
i, S0 S G P AROR R 2% T AR 25 ] B A5
JCRRE AR A P R R 2 0. 1 — 25, 3 Ao s ) o 22
AMEGAR P AGR PG RN, AT LSS
KAf2E TR .

15 2.2 TR DHE T M SR Y 25 T AR 2o
JEHLTANE, 1] AT 3 M SRR 4 K 2%
IS FKP TR M ASA S, SR, 78 REMHOLH
K, i T REOR T RO B, Hh e 2
A AR A R BROG F IR I T RE 2 BBl 931, [, mT
AU SR M SR B9 3K RELR, (V& 7R A RERT
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Fig. 9. (a) The Schematic diagram of the top-gate device
prepared by Pan et al, where the Al,O3 is dielectric layer
while the ITO serves as top gate material; (b) the gate-de-

pendent longitudinal resistance and nonlinear current in
(Bi,Sby_,)sSes filml.

%3 KRB THIET BiSe; MAHH A%
{3

Table 3. Carrier concentration and THz peak amp-
litude for Bi,Se; films!??.

an  own SRR e
1 Bi,Ses 755 1.24
9 Bi,Ses 346 7.75
3 Bi,Sey -31 5.27
4 BiySes -15.6 11.10
5 Cuy oBisSes -3.66 54.39
6 Cuyg sBisSes -4.23 55.77
7 Cuy 1 BisSes -1.96 39.37
8 Cuy 125BisSe; -1.17 52.32
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SPECIAL TOPIC—Terahertz spintronic optoelectronics

High-performance THz emission: From topological
insulator to topological spintronics”
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Abstract

Ferromagnet/nonmagnet (FM/NM) heterostructure under the excitation of femtosecond laser has proved
to be a potential candidate for high-efficiency terahertz (THz) emission. Topological insulator (TI) is a novel
two-dimensional (2D) material with a strong spin-orbital coupling, which endows this material with an
extremely large spin-Hall angle. Thus, TI appears to be an attractive alternative to achieving higher-
performance spintronic THz emitter when integrated with ferromagnetic material. In this paper, we discuss the
ultrafast photocurrent response mechanism in TI film on the basis of the analysis of its crystal and band
structures. The discussion of the mechanism reveals a relationship between THz radiation and external
conditions, such as crystal orientation, polarized direction and chirality of the laser. Furthermore, we review the
spintronic THz emission and manipulation in FM/NM heterostructure. The disclosed relationship between THz
radiation and magnetization directions enables an effective control of the THz polarization by optimizing the
system, such as by applying twisted magnetic field or fabricating cascade emitters. After integration, the
FM/TT heterostructure presents a high efficiency and easy operation in THz radiation. This high-performance
topological spintronic THz emitter presents a potential for the achievement of arbitrary polarization-shaping
terahertz radiation.

Keywords: terahertz source, topological insulator, ultrafast photocurrent, spintronic terahertz
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