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Fig. 1. Schematic diagram of experimental setup and sample structure information. (a) Experimental setup of the terahertz emis-

sion system. BD, balanced detector; WP, Wollaston prism; \/4, quarter wave plate; SW, silicon wafer; M, aluminum mirror; P1-P4,

90° off-axis parabolic mirrors; S, sample; (b) and (c) definitions of n~ and n*. When the laser pulses first incident onto the glass sub-

strate, it is defined as n-, while the other case is defined as nt. HM, heavy metals including W and Pt; FM, ferromagnetic metal

CoFeB.
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Fig. 2. (a), (e) Bilayer structure diagram of CoFeB(2.0)/W(2.2) and CoFeB(2.2)/Pt(4.0); (b), (c) terahertz temporal waveforms
from the CoFeB(2.0)/W(2.2) samples with and without annealing, for the cases of n* and n , respectively; (f), (g) terahertz temporal

waveforms from the Pt(4.0)/CoFeB(2.2) samples with and without annealing, for the cases of n* and n ', respectively; (d), (h) te-
rahertz spectra obtained from CoFeB(2.0)/W(2.2) and CoFeB(2.2)/Pt(4.0), respectively, with and without annealing.
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Fig. 3. (a), (b) terahertz temporal waveforms in the annealed W(4.0)/CoFeB(2.2) and Pt(4.0)/CoFeB(2.2) nanofilms from the positive

(n) and negative (n ) sides, respectively; (d), (e) results from both the samples without annealing; (c), (f) terahertz spectra

radiated from annealed and unannealed CoFeB(2.2)/W(4.0) and CoFeB(2.2)/Pt(4.0), respectively.
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larged peak values. (c) The annealing temperature dependence of the resistivity of samples. Inset: result of magneto-optic Kerr
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state before and after annealing. (e) The simulation results of electron density at z = z;. The electron velocity v = 0.5 nm/fs.
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SPECIAL TOPIC—Terahertz spintronic optoelectronics

Annealing effect on terahertz emission enhancement from
ferromagnetic heterostructures”
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Abstract

We systematically investigate the influence of annealing effect on terahertz (THz) generation from
CoFeB/heavy metal heterostructures driven by femtosecond laser pulses. The THz yield is achieved to increase
triply in W/CoFeB through annealing effect, and doubly in Pt/CoFeB. The annealing effect originates from
both the decrease of synthetic effect of THz absorption and the increase of hot electron mean free path induced
by crystallization, with the latter being dominant, which is experimentally corroborated by THz transmission
measurement of time-domain spectrum and four-probe resistivity ¢ Our observations not only deepen
understand the spintronic THz radiation mechanism but also provide a novel platform for high speed spintronic

opto-electronic devices.

Keywords: terahertz emission, ferromagnetic/heavy metal heterostructure, annealing effect, super-diffusion

model
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