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Fig. 1. Tunable plasmon resonance in gated plasmon ribbon array[: (a) Schematic of the device (upper panel) and AFM image of a
typical ribbon array (lower panel); (b) gate dependent plasmon resonance with light polarization perpendicular to the ribbon array.

Inset shows the spectra with parallel light polarization; (¢) normalized plasmon frequency as a function of Fermi energy and carrier

density for different ribbon width.

B MRS, HAHA K e 9ok +
IR R ANTZ AL KB, WA 2 FoR. 1 andh 4
GRURRPRE O HARS A BRI, TR TSR R A
LNEAHOCR ML TOK T TiLl, —RIA
FEIR ) € AT & S RIUE S\ Sy R vy o & N N Ercd
MAAIE. H R AANTTEHE NagBi, CdsAs,, ZrTe;
EMR BT =Yk sk A JE 11T X Aok
BH A5 B =2 gh s [ T A, W
WL = R T S T EREHE— T, YR
F1AY AP Tv0) 52 Y88 X6 R 25 ) S T8 X R P A g, ke 7
IF B = HERK L v RS TERE T B Bty ) 4 AR
BN SZ AR MR 1) A A S AR AR A, AT
TWHEHINIMR R, B T FAEar 2k, ShRE 4
J& 53— SRR TAFTE M B S KR, &
HERE R N ELAT AH B TFAE 1 A1 R A5 2R T A %
52 18200 A Sr a6 v 4 $E TaAs, TaP, NbAs Al

NbP 558 6 #0000 I 9 55 40 Uk B & F A R 2 4
Ja& 21271 R SR K TR I 1) BB A S 4R BE B AN
A, Bl R LB TN 174k (Nodal line) 4@ #4
A} 128290 AR AT HLIH DX A et (B 22 X sE
WGELEA A I —4EMh £, S0 F— R F T
G MR & BLAIESE . )40 = 4 1Y) PtSn, Y,
7ZrSiX (X = S, Se, Te)?=33 PbTaSe,*" &, 4
TRICK FHIERZE R CuySi A9l & B B9 [k
TR, X EEHFMRER I — R B
SOk 7/BEIEE JECR U I NER 7 E R G AN TR 4 Tk 'e
Joj 39400 0 Fsz i g JR AU A2 TR A A 1. T
SEROTE M F AR IR G RA R K32
MR S P BT RS e, DT R R AN ] T
A SRR L G 4 TR ) —SERE . 5350, SRR
o B R E TR, oA T N
JCJT TH 5T BT

227801-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 68, No. 22 (2019) 227801

(a) (b)

Conduction band

Surface states

Energy

Fermi level

Valence band

Momentum

I EE N LS

b/COR IS St

LIS Sl TSR

B2 AEFHIMOE AR R EE  (a) HIMEGIR Ok BAEEETHL); (b) hFhF&J8 Ok A 3CHk [37)
Fig. 2. Band structures for different types of topological materials: (a) Topological insulator [from Wikipedial; (b) topological semi-

metalsP7.
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Fig. 3. Hybrid plasmon modes in topological insulator thin slabs*!l: (a) Schematic of optical mode and acoustic mode; (b) plasmon

dispersion in 6 nm topological insulator film.
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Fig. 4. Far filed spectroscopic study of the plasmon modes in topological insulator films: (a) Extinction spectra of plasmon reson-
ance modes in topological insulator ribbon arrays with different width; (b) plasmon dispersion extracted from Fig. (a). Fig. (a) and
Fig. (b) from Ref. [46]; (c) magnetoplasmon mode and cyclotron resonance in topological insulator ribbon array as a function of ex-
ternal magnetic field*”; (d) plasmon dispersion in topological insulator microring array*’; (e) plasmon resonance modes of topolo-
gical insulator ribbon array from visible to ultraviolet frequency rangel*; (f) plasmon dispersion as a function of film thickness in to-
pological insulator ribbon arrays(®l.

227801-4


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 % 3R Acta Phys. Sin. Vol. 68, No. 22 (2019) 227801

W SRRSO 5 R BN M v AR
W Sh ) LRI . (EAE R, Y 2 THz
A BiySes FILLAME TR FAEERL G, S BTt
PRUEEAE 7 BT B AN X FR AL 18] 4(D)
JoR T S5 AR 3 Y A B O R N Bl i Y £ L
KR F— ) “ ik R —3, 5B RoTmisesk
M S5 shm i 1/2 W BUE LR, (B
Gk EBOTAEE A DBk, RSP TP
KT ARS8 25K 7. Pietro 45 401 285315,
2 BT 3] 1) B B T A B T Ak B B B oK T
PTG (1 4(b) HEZR) A BefERE, DLk i I 21 i)
SRR AN YR BT,

B 2 AT T — RGN e T 24k
SEBEBOT IS . N, Autore &5 W7 & T 9iE R
Y T RS B ot Ot myiR e BT 6 A dr
TR G AT M) miT R, 453 an
B d(c) s, i 45L& 15 31 36 T 25 L 7 A A RO
AN 0.18m,. ZJ5, HRLLTEI TN Sk AR o 3 T
HFE T — 250 B RS (] 4(d))1, 7EXFERY
SR AATTURIN S T R s S R P A A B T
B IF H i T LAMNE PR TR, XS
TOR [FRE SR I VR IR R i 28 AT 1 5 — 00 T
YESRAEA K 1 BiySes Wil 15824 In, SRWF 57 45 55
WOC Y T RS B A U R I A AL O &R B S
SRR, EHAFRE B AR ERT, TR
U SRR T, T XAV J3E D % 1o P R
BEV RS R AASA B IER T I ) S5
WOTHISERE RO R AR .

T4, Hofth—Be S50 21 th R F N8 S A 1 25 15
WOTHEAT T GIEAESE. Ginley Ml Law 58 PO WF58 T
AN TR IEE B R v 5 114 5 BT (1 4(f)),
A7 2 B0 52 36 45 SR AN R AN AU 2% RIS A H R
B, T 228 R A AP AL FEVER. Ou %5 W)
T A AT UG B G T Y, R B 4 2 AR
(Biy 5Sby 5Te; sSe; o) M5 BT A UAFAE THE 4L
Hb, FE AT WG Z AN Be g R B, anf&l 4(e) fr
.5 R AMEAUR ], XA RO
FEPRATE 2O PR T35 0] BR AT A 2800 1 RN 36 1l 2 1
(1) 3 [ k.

2.2 HETFRERXLEFHTHAR

P b R RE - BT FEBOR I Bl B AR
T RE I SRR I 45 B HOTA T E UM A

Whas kA Mz S . BEE BRI B, g
SR 15 A A R O LRI s AN T
HEL . N TE IR B S AR R LA 2= LA
eV) E| Byl LAEN LA meV MKRERL A, B
PR IX I AT A F TR 55 B i, JLHDE
FERR TR LR AR

e, Nascimento %5 P2 FI] ] B BE 0 2K 1%
MR, 76 16.5 eV Zi47 BiySey 1RSSBS W oTHE
K. BEJ5 Liou 5 PRI HES & T (E4T) i+
W MAE ) EELS X BiySey 4T HAT 25 0] 43 HE 1)
BRI, AnIEl 5(a) 7R, 240507 B I B RE G 10 7 2%
BF, I B A5 R R T 1T eV IR SRS
PO (PRI 37 B 2R B [ B i L, 2>
TE 5.5 1 10 eV Ab H BLFAS B 0. VEE NI &
ok B 24 B ot o k. Politano 58 P T
W e RIS B 1Y EELS. 385 2 PR A&
AT 5 3 T S A BSOS e (16 5(b)), 43l
PRI R A B e B HOT (wap ) AR T
P 22 1T 25 B IOT (wsp ) B30, Kogar 45 PO i T2
IR, & BRI AMARBEE ST e T 245 1Y 55 25 ot
WALy 25 BB AR T A 3R T AR 28308 7 19 Bk
2015 4F, H ERMABEYBRRESETIY Zhu 55 06 FF %
TR B B AR - S AR R AT RE 10 =
T RE B B IE . B S AE 2017 4, Jia %%
7% BiySesti AT T ABICAE MY HL T R B 11 1 i
I B T H B 7R 2 S S B T AR (an A
5(c)); A 0 IR X AR AR K A oy £ 715 T PN AT A2 R
IR B RRPE. TSR R E B AR M
A I T A 3 A e e € R4 AR v A TR s 3
I, WEIHZ R S R A R TR YA, 734,
55 ) 5 BTN R], 3XCANRRER I (0 Bl
Bofi 75 5 oyt X RT3 B0 1 58 8l i) e, 0 A
RN 30 P R 2 T S AR F MR P T A K.

3 HAHFLEFHEITHR

WML AR T AR, TR HA
SHERIKIL R T, T DIR AR R A SR ) =4
A HEEAE, b E R i A — R Ay
SRR, AT DU A= AR 22 R ) 45 B OTI .
BInrEsN R Jm v, Shidz= Bl IF R~ B
SCFAE R FIIR Y ke e gl i s 8] 7= A — S5
SMIMEES, M5 Wi G A B TR 5 PRA9L 3 A,

227801-5


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y] 32 2 3R Acta Phys. Sin. Vol. 68, No. 22 (2019)

227801

—~
o
Naig

Intensity/10% arb. units

€1, €2

—20
0

10 15 20 25

Energy loss/eV

K5 IRIME GRS T R T RE R BRI O
HHC(T KB (b) miRE

GE S-S0 o SN

<«

470
460
450

40

430
420
410

0

41 —10

—20

30

(b) 0.25

Energy/eV

0.05 0.10 0.15 0.20

Momentum/A~1

0.25

Intensity/10% arb. units

—15
Energy loss/meV Energy loss/meV

0 15 —-15 0 15

(a) BH B AR A SUR [R] (37 A ) BE HE A0 2R 15 (LB JAT) ey B PR S L A A
HEJ>BE EELS I 4 B (9 4 40 268 G AR S5 B HOT BB B (o) Wi fiE 0 # BEELS I 5 B 9 BA7 2tk G
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resolution®®¥; (c) unusual acoustic plasmon modes with linear dispersion measured with high energy resolution EELS/7.
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Fig. 6. Experiments of plasmons in topological semimetals: (a) Bulk plasmon dispersion in PtTe, measured by EELSI; (b) energy

loss spectra of plasmon modes in NbAs and TaAs measured by EELSIY; (c) transmission spectra of plasmon modes of CdyAss in

THz rangel®?. (d) and (e) temperature dependence of the anisotropic bulk plasmon and effective mass ratio in WTe,l%l.
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Fig. 7. Synthesis of topological material films with large area and high quality by CVD method: (a) to (¢) CVD growth of large area

single crystal films of WTe, and MoTe,™; (d) and (e) large area MoTe, film grown from Mol™.
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SPECIAL TOPIC—The frontiers and applications of topological physics

Spectroscopic studies of plasmons in topological materials”
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Abstract

Plasmonics plays an important role in the development of nanophotonics, which allows breaking diffraction
limit and controlling light in deep-subwavelength scale due to the strong interaction between light and free
carriers. Noble metals and 2-dimensional electron gas have been the main platforms for studying plasmonics
over the past decade. The metal-based plasmonic devices have exhibited great potential in various applications,
including integrated photonic systems, biological sensing, super-resolution imaging and surface-enhanced Raman
scattering, etc. Because of the high carrier density, plasmons of noble metals are realized in the near-infrared to
visible frequency range. With the rapid development of new materials, many other plasmonic materials are
discovered to exhibit new properties. One example is the graphene plasmons working in the mid-infrared and
terahertz spectral range, which exhibit strong field confinement and frequency tunability due to the massless
Dirac fermions and other exotic electrical and optical properties. Recently, topological materials, the band
structures of which are composed of cones with linear dispersion like in graphene, are discovered, such as the
topological insulators, Dirac semimetals, Weyl semimetals and nodal line semimetals, providing another
platform to study the Dirac plasmons. Such linear dispersion results in small electron mass and unique carrier
density dependence of plasmons. In addition, topological materials possess a tremendous amount of exotic
electron properties, such as the ultrahigh mobility, topological surface states and chiral anomaly in Weyl
semimetals, etc. Many of these electronic properties can be inherited by the collective oscillation of free
electrons, promising new possibility for plasmonics. Here, the experimental observations of plasmons in
topological insulators and topological semimetals are reviewed, with special focus on the studies based on
electron energy loss spectrum and Fourier transform infrared spectroscopy. At the end, other topological
materials with potential for hosting 2D plasmons are discussed. This review provides an overview of plasmons in

topological semimetals and may stimulate further quest of more exotic features for plasmons.

Keywords: topological insulators, topological semimetals, plasmons
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