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Fig. 1. (a) Schematic diagram of far-infrared pulse emission

spectroscopy based on Pt/CoFe/Ta three-layer heterostruc-
ture. The spin currents Js; and Js2 are injected from
CoFe layer into both Pt and Ta layers; J¢1 and Jeo are
the charge currents converted from the spin currents Jsi
and Js2 in Pt and Ta layers, respectively. M is the magnet-
ization of the CoFe layer. The red solid arrow in the CoFe
layer indicates the magnetization outside the demagnetiza-
tion area, and the red dashed arrow indicates the magnetiz-
ation within the demagnetization area. (b) Schematic dia-
gram of electro-optical sampling system for probing the far-
infrared pulse (QWP, quarter-wave plate; WP, Wollaston
prism; BP, balanced photodetector).
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Fig. 2. (a) Far-infrared pulse emission of Pt/CoFe/Ta
three-layer heterostructures under +H; (b) normalized far-

infrared amplitude spectra by Fourier transform.
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Fig. 3. (a) Time domain signals of far-infrared emission from Pt/CoFe/Ta three-layer heterostructures under different magnetic

fields. For clarity, all experimental data are shifted vertically according to the H. (b) The frequency-domain spectra of Pt/CoFe/Ta

with different H, as calculated by fast Fourier transform from (a). (¢) The amplitudes of far-infrared emitted pulses as functions of

the applied magnetic field, measured at two pump fluences. The blue solid circles and the red hollow circles represent the experi-

mental results measured at 1.22 and 2.04 mJ/cm?, respectively. The green solid line is the magnetic hysteresis loop of the

Pt/CoFe/Ta characterized by VSM.
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Fig. 4. (a) Schematic diagram of phase reversal of emitted far-infrared pulse generation when a small magnetic field opposite to the
magnetization orientation of the sample is applied. (b) The time domain signal and (c) frequency-domain spectra measured under
different pump fluences in a range of 0.20-2.04 mJ/cm?®. (d) The amplitude of far-infrared time-domain signal reaches the maxim-
um at a pump fluence of 1.43 mJ/cm? When the pump fluence is larger than 1.43 mJ/cm?, the far-infrared pulse experiences a
phase reversal.
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Fig. 5. (a) Schematic diagram of spin switching induced by
external magnetic field; (b) the photo-thermal assisted spin
reversal by external magnetic field.
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Abstract

Under illumination of a femtosecond laser pulse on the Pt/CoFe/Ta trilayer heterostructure, an impulsive
spin current can be generated in the ferromagnetic layer due to the ultrafast demagnetization. The spin current
is super-diffusively transported and injected into the neighboring heavy metal layers, and is converted into the
transversal charge current due to the spin-orbit coupling, which is named inverse spin Hall effect. The transient
charge current on a time scale of sub-picosecond gives rise to the electromagnetic radiation in the far-infrared
range to the free space. In this work, we demonstrate two kinds of experiments to investigate the modulation of
far-infrared emission by photo-thermal effect, which is due to the thermal energy deposed by light pulses on a
short timescales. First, the amplitude of the emitted far-infrared pulse as a function of an applied magnetic field
is measured, which shows a far-infrared hysteresis behavior. The coercive field of the sample obtained by far-
infrared hysteresis is smaller than that obtained by the M-H hysteresis through vibrating sample magnetometer.
In addition, the coercive field decreases with pump laser fluence increasing. Second, the control of spin
polarization on an ultrafast timescale in the presence of a small magnetic field applied oppositely to that of the
magnetization of the ferromagnetic sample. The amplitude of far-infrared time-domain signal reaches a
maximum value at a pump fluence of 1.43 mJ/cm? For the pump fluence larger than 1.43 mJ/cm?, the far-
infrared pulse experiences a phase reversal. After the reversal, a decrease of the laser pump fluence cannot
restore the original phase of the far-infrared pulse. The above two experimental results not only elucidate the
photothermal effect of femtosecond laser pulses, but also provide a new method for controlling the far-infrared
radiation pulses based on ultrafast spintronics. These results demonstrate that far-infrared emission
spectroscopy can be used as an ultrafast optical method to investigate magnetic properties, such as the coercive
field and anisotropy field of the samples.

Keywords: photo-thermal effect, magnetic hysteresis loop, far-infrared pulse emission spectroscopy, far-

infrared pulse modulation

PACS: 78.47.D—, 42.72.Ai, 78.20.—¢, 78.20.nb DOI: 10.7498/aps.72.20230543

* Project supported by the National Natural Science Foundation of China (Grant Nos. 61975110, 61988102), the 111Project
(Grant No. D18014), the Science and Technology Commission of Shanghai, China (Grant No. 22JC1400202), the
International Joint Lab Program of the Science and Technology Commission of Shanghai, China (Grant No. 17590750300),

the Key Project of the Science and Technology Commission Shanghai, China (Grant No. YDZX20193100004960), the Science

and Technology Commission of Shanghai, China (Grant No. 21JC1402600), the Rising-Star Program of the Science and

Technology Commission of Shanghai, China (Grant No. 18QA1401700), the Chenguang Project of Shanghai Educational

Development Foundation, China (Grant No. 16CG45), and the Young Eastern Scholar Project of Shanghai Municipal

Education Commission, China (Grant No. QD2015020).

1 Corresponding author. E-mail: physics jzm@usst.edu.cn

157801-8


mailto:physics_jzm@usst.edu.cn
mailto:physics_jzm@usst.edu.cn

Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

B R 4 T A A K AR B R e R R
MR A4RE Rin Rhdh okl IR E2RE 2FR ik

Pulsed far-infrared radiation of ferromagnetic heterojunction and its photothermal regulation

Chu Xin-Bo  Jin Zuan-Ming  Wu Xu  Liding-Nan  ShenYang Wang Ruo-Yu JiBing-Yu
Shun  Peng Yan

5] Fi{i5 &, Citation: Acta Physica Sinica, 72, 157801 (2023)  DOI: 10.7498/aps.72.20230543

TELR T2 View online: https://doi.org/10.7498/aps.72.20230543

A ZE View table of contents: http://wulixb.iphy.ac.cn

AT ARG HAh SCEE

Articles you may be interested in

HOZLAMELMD L A iR T S i i
Research progress of mid—and far—infrared nonlinear optical crystals

YyFEEEAR. 2018, 67(24): 244203 hitps:/doi.org/10.7498/aps.67.20181591

FRH A5 B HOTI AN 5 R

Research progress of surface plasmons mediated photothermal effects

YIBR2A4R. 2019, 68(14): 144401  hitps:/doi.org/10.7498/aps.68.20190476

BT P BIRD LR K rh EOL I 22055 HE 2L MR

Li Zhang-

Fiber—type difference frequency generation infrared optical frequency comb based on the femtosecond pulses generated by a mode—

locked fiber laser
YIHLEHT. 2018, 67(9): 094207  https://doi.org/10.7498/aps.67.20172503

ST IR G800 R R A M IR AR

A modified model of magneto—mechanical effect on magnetization in ferromagnetic materials

WIFEAEA. 2019, 68(18): 187501  https://doi.org/10.7498/aps.68.20190765

SRS CARU W R SIS L A R LR ORI d
Research progress of infrared electrochromic devices

YIFRE4. 2021, 70(20): 204205 hitps://doi.org/10.7498/aps.70.2021021 1

ZNED K O S 28 U B TR BT 2L MR SR
Near infrared characteristics of air plasma induced by nanosecond laser

PPz 2020, 69(2): 029502 https://doi.org/10.7498/aps.69.20190753


https://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.72.20230543
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.67.20181591
https://doi.org/10.7498/aps.68.20190476
https://doi.org/10.7498/aps.67.20172503
https://doi.org/10.7498/aps.68.20190765
https://doi.org/10.7498/aps.70.20210211
https://doi.org/10.7498/aps.69.20190753

	1 引　言
	2 实　验
	3 结果与讨论
	4 总　结
	参考文献

