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Abstract: Recently, terahertz (THz) spectrum has been
proved to be one of the most potential candidates in the bio-
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medical field on account of low photon energy, harmlessness and containing the vibration and rotation frequencies of bio-
macromolecules. For the convenience of detection, an inexpensive, portable and reliable equipment is required at room tem-
perature. However, the commercial THz sources available are not adequate. An emerging replacement, the spintronic THz
emitter, is moving towards the biomedical application. These spintronic THz sources with a thickness of several nanometers,
such as topological insulator (TT) and ferromagnetic/nonmagnetic (FM/NM) heterostructure, can generate high-power tera-
hertz wave under the excitation of femtosecond laser. In addition, THz polarization tuning can be realized by changing the
direction of the magnetic field or the polarization state of the pump, which can meet the needs of THz circular dichroism
(TCD) spectrum detection in the biomedical field. Above all, a multi-functional, on-chip tunable, real-time biomedical
spintronic terahertz source device is expected to be realized by combining spintronics, the important technological means in
the post-Moore era. In this paper, beginning with the photocurrent generation mechanism of TI and FM/NM, we gained the
THz emission mechanism and impact factor. Then, THz emission optimization methods of various spintronic materials were
analyzed from the perspectives of materials and growth methods on the basis of the requirements of biomedical applications.
Moreover, the dependence of THz emission on material properties and external environment was revealed, and the advantages
and control methods of spintronic THz source were explored. We also concluded that FM/TI was suitable for biomedical de-
tection theoretically because its THz amplitude is comparable to that of ZnTe, and the polarization can be adjusted arbitrari-
ly. Finally, combined with the requirements and characteristics of biomedical detection, taking FM/NM and FM/TI as ex-
amples, the scene and methods of spintronic THz source in the field of biomedical detection were introduced, and its future
development direction was prospected.
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Fig. 1~ Sketch of the superdiffusive processes caused by laser excitation in
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(¢) side view of the quintuple layer structure



%12 %

M A5 s FBER 2% U5 A B B LA A W B 2 B I i 5 953

F1 2016 4, 45 EIFURRIFXS Bi,Se, . Bi,Te, 5 TI
AR POGHR LR . HAT, PR AR BRI
FOY S S FNER 2 5 R B (surface shift
current) . JYGEL i (optical rectification, OR) FIE A H i
(injection current) #RZIFEMAR AL T Az, RIS, ASF
I i 41 285 5 B PR i 1) P AR A R AR T A R R
2.2.1 HATHY BEHFRHEH

H ARG T e & (1.57 V)7 K TF T A7 BR
(0.4 eV), FrLlf WEMEOGISTE T RERE, A7 i
RO FRER S HEA S48, PR P28 /O
-5 OGS BRI [ i AR B 1) DI A T R, T R K
LR o SR TR OB R 1) o TR R A, X
THz 48 A TTER, HREY HOR R A E, A%
JEYHUR T THz SRS RORZ I 5 [WIHE, RIS B it
RGN S SR, Braun 257 & UKD MK 1
y WIANIT I, AnIEl 5a Bz, J, 0 B IHE 294 40 fs
FIIER | X BRAR T HOG K A RFZE BT ] (20 £s) , WART
J o B, 2k s BT, WESE N 5K BA Drude
FCSP R e T H - I, DT 52 e v, 7 I A R AN RS
LI AR RS, X BRI, SR B RS L UL 1 B 23 B TI
2 TR PR A Y 7
2.2.2 R@EfEB ik

ML 2R K RO GO, FEREE BRIT, R
53 TR oA e A s, G Sh TR AR AL RS

%ﬁ%%Xﬂﬂ,m&%ﬁﬁ%%NEEﬁAm%mn
SRR, RE

. <") —I/TSh "

Juce e LO() ] 1, (5)

Horb, 1 OWHOGR A%, 51 BRI, B
[ ARG R, RO WI A 1 (¢) BOBLERER, A HFEE it [a)
7o ST AR ], (RS H VAT % B A ) ) o U] R R
BARREST O SR (S) IR, (o T T A R R ) 1)
MmN RESIEY , Ll Bi,Te, N, MBI &L
RSP E2EIRTE, — BRI T Bi—Te KIS
MR, SR, X4 TIEEE/NE] — e RBER, LT#*
MRS FTIF TR S E BRI, SEa 8% i i B
FWN
2.2.3 EABR

IR T LE B 25 (8] 43 A7 A X BRI 7 A o v 3t Y 21 2
A, BT TIRE W ARS8, Wi AR P
B EBE T AN, 208380 T R 18 _L A A e
WAL LT, 224 15 e 41 0 68 S ' ok i sk BEU A T R i
B, BOETEMN FIE- AR ) A e S5 R AT HE

TR, 25 T IR ST R BT R AR, R AE
K 2 )RS FR 9 B A0 S0 WAL A9 7, P Se
iR T T A e R BUE R, R AR AR
¢ SEE RS T AR AT FR,  F I 72 A A A R R
AHOE, . B AR,

Jog VR I K T (9 250 Ao AR LT
B N AT

Ju N # A =[O (1) MY w1 (6)
U LRI FUVERI R0, 3 860 T e A v 37
HEBEYE TI BRI =4

60 - (2] =
U301 Te =@ bi
40 T
w
T =
£ Te Q== Bi
° =2-2@
®
o 20
o [c]
8 %
5
O o - >
Fit i )
2r | | |
05 0 0.5 1 Spin-polarized

) electrical current
Time t (ps)

K5 FREMa Gl R = N . (a) SCHTY & 435 yz 43
BT () (RSP (o) HA ML
s 0

Fig. 5 The mechanism of photocurrent generation in topological insula-
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Fig. 6 Terahertz emission of Fe/Bi, Te, [3¢]. (a) terahertz emission principle, (b) dependence of THz amplitude on polarization angle of in-

cident light, (c¢) emission intensity comparison of Fe/Bi,Te; and other common spin sources
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Fig. 7  Polarization control of spin THz source: (a) changing magnetic field distribution
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Fig. 8 Application of spin terahertz source in biomedical detection field: (a) detection of cells and bacteria based on metamaterials, (b)

metamaterial design[%] ; (¢) detection of biological structure based on terahertz circular dichroism spectrum
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