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Abstract. Intensity of THz transients triggered by laser excitation in NM/FM/NM/FM/NM multilayers (FM - ferromagnet, 

NM - normal metal) can be tuned by the interlayer exchange coupling between the two FM layers. We ascribe this tunability 

to the constructive and destructive interference of the THz transients generated by closely-spaced NM/FM and FM/NM 

spintronic THz emitters. 

INTRODUCTION 

THz radiation generated by optical excitation of few nanometers thin NM/FM/NM/FM/NM multilayers 

established a powerful link between THz- and spin-based electronics. Earlier experiments demonstrated that optical 

laser pulse impinging at the surface of FM/HM/FM multilayers can trigger a superdiffusive spin-current pulse carrying 

spin current JS, across the interface from the ferromagnet into the metal [1,2]. In the case of a metal with a sizable 

spin–orbit coupling, JS can trigger, via the inverse spin-Hall effect (ISHE), a transverse charge-current JC following    

JC = DISHE ( × JS) [3-6]. Resulting electromagnetic bursts generated by JC feature a broadband spectrum containing 

frequencies extending into the THz radiation spectrum. Our measurements show that the intensity of the THz transients 

can be tuned by the strength and sign of the interlayer exchange coupling (IEC) between ferromagnetic thin films. 

RESULTS 

Our THz emitters were fabricated using molecular-beam epitaxy at the base pressure of 2 × 10−10 mbar. After 

stabilizing substrate temperature at 500°C the Pt/Fe/Cr/Fe/Pt multilayer stacks were deposited on top of the optically 

polished 10 × 10 mm2 MgO substrates with (100) surface orientation. The thickness of the Cr layer varied from 4 to1 

nm over a lateral distance of about 8 mm. The thickness of all other layers was 2 nm.  

As shown in Fig. 1 (a) the polarity of the THz transients generated by a spintronic THz emitter at the magnetic 

fields 0H = ± 8 mT reverses and follows the magnetic field orientation reversal. The corresponding fast Fourier 

transforms displayed in Fig. 2 (b) show a broadband spectra extending up to 2.2 THz with 3 dB cut-off at 1.1 THz, 

for both THz transients [recorded at  0H = + 8 mT (red FFT curve) and at 0H = − 8 mT (grey FFT curve)]. The laser 
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fluence was set to 12.5 nJ/cm2 and the Cr spacer thickness in this measurement was tCr1 = 2.1 nm. The inset in Fig. 1 

(a) shows the schematics of the multilayer with an incident laser pulse and a generated THz transient.  

 

 

 

 
(a)                                                                                        (b) 

FIGURE 1. (a) THz transients generated by the spintronic THz emitter containing exchange-coupled ferromagnetic Fe layers 

at two external magnetic fields (0H = ±8 mT) applied parallel to the emitter surface. Inset shows the shematics of the 

multilayer with the incident laser and the generated THz transients. (b) displays the corresponding power spectra. 

 

Figure 2 (a) shows the variation of the THz peak intensity at two Cr spacer thicknesses tCr1 = 2.1 nm (red dots) and 

tCr2 = 1.7 nm (blue dots). Due to the spacer thickness-dependent variation of the IEC strength and sign [7] the 

magnetizations of the two Fe layers can be aligned either parallel (tCr1) or antiparallel (tCr2) near zero magnetic field. 

Both cases are schematically drawn in Fig. 2 (b) and (c), respectively. Here the black, green and red arrows show the 

direction of the Fe magnetization (MFe), spin- (JS) and charge current (JC) assuming that ISHE is the only mechanism 

responsible for THz generation. For tCr1 the variation of the peak THz amplitude is similar to the variation the 

multilayer magnetization with magnetic field (not shown). On the other hand, the THz peak variation shown by the 

blue hysteresis for tCr2 displays a radically different behavior.  

 

 
FIGURE 2. (a) Variation of THz maximum peak amplitude generated by MgO//Fe/Pt/Cr/Fe/Pt spintronic THz emitter for 1.7 

nm (blue dots) and 2.1 nm (red dots) Cr spacer thickness. Black arrows mark the assumed magnetization alignment for 

parallel- and antiparallel magetization alignment. The displayed trace shows up to 300% THz signal enhancement at magnetic 

fields close to m0H = 5 mT for tCr2 = 1.7 nm. (b), (c) Arrows show a direction of the spin- and charge currents ( JS  and  JC ) 
for the parallel and antiparallel relative magnetization alignment of Fe layers assuming a pure ISHE mechanism for THz 

generation. The layer sequence is indicated below (c). 

 

Following the blue curve in Fig. 2 (a) from left to right, at the large negative magnetic fields, the peak THz intensity 

is initially relatively low due to the parallel magnetization alignment (marked by parallel left-pointing arrows). 
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Continuously decreasing the magnetic field, we reached the interval from -10 mT to + 8 mT in which THz intensity 

sharply increases and reaches three-fold enhancement with respect to the THz amplitude at the saturation field. The 

enhancement is due to the antiparallel alignment of Fe-layers magnetization. At the large positive field THz intensity 

drops again due to a parallel magnetization alignment. Besides of their possible application in hybrid THz spintronic 

circuits, the detailed understanding of the THz peak amplitude evolution with magnetic field is expected to offer 

deeper insight into non equilibrium spin and charge dynamics in multilayers. 

 

                                                              SUMMARY 

 
    We demonstrated that both the polarity and the intensity of the THz transients generated by the Pt/Fe/Cr/Fe/Pt 

spintronic emitters can be determined by the relative alignment of magnetizations of the Fe layers. Depending on the 

external magnetic field strength and the Cr spacer thickness, THz transients can have either the same or an opposite 

polarity. A superposition of the THz transients generated by the two separate exchange-coupled spintronic THz 

emitters ultimately results in the overall THz signal amplitude drop or increase. In case of tCr = 1.7 nm the emitters 

show three-fold intensity enhancement between the parallel and antiparallel magnetization alignments.   
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