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1. Introduction 

Finding balance in the different performance metrics has 

been a crucial consideration in the development of new types 

of magneto-optic imaging (MOI)-based techniques [1, 2, 3, 

4], including the MOI with Faraday effect for non-destruc-

tive testing (NDT) of material defects [5, 6]. 

Here, we continue to develop our recently reported orig-

inal MOI with on-chip terahertz time-domain spectroscopy 

(THz-TDS) emission/detection scheme [6] by using a diab-

olo-shaped emitter with 2/3-nm Fe/Pt spintronic layer at the 

gap of its 100-nm thick Pt antenna flares. The advantages of 

such structure were recently reported and explained by the 

combination of the enhanced outcoupling of THz radiation 

to free space brought by the shaped structure and the reduced 

sheet resistance of the thicker metallic flares of the diabolo-

shaped antenna [7].  

 

2. Results and Discussion 

Figure 1 shows the simplified experimental scheme with 

permanent magnet on XYZ-scanning stage in the proximity 

(~5 mm) of the MOI chip. The resulted MOI THz-TDS im-

age contrast reflects changes in magnetization vector (�⃗� ) due 

to magnet movements above the spintronic layer at fixed fs-

laser pump spot. In MOI, �⃗�  determines the efficiency of the 

THz emissions from diabolo antenna structure at each image 

pixel. The THz electro-optic (EO) ZnTe sensor and the fs-

laser pump/probe polarizations are adjusted for maximum 

and minimum sensitivity of spintronic and parasitic optical 

rectification emission, respectively. Note that image contrast 

with EO sampling is also affected by a factor of 

√1 + 3𝑐𝑜𝑠2𝛼, where α is an angle between THz polariza-

tion from diabolo antenna with respect to the (110) axis of 

ZnTe crystal. Generally, the current image patterns agree 

well with our reported studies [6, 8]. As expected, we ob-

served better signal-to-noise ratio for THz waveforms com-

pared to previously reported ones from continuous 

spintronic film or uniformly thin spintronic diabolo antenna 

[6, 8]. 

 

3. Conclusion 

   In this study, we have shown that using diabolo antenna 

with thicker flares in MOI improves signal-to-noise ratio. 

However, for accurate image contrast comparisons, the long-

time THz-TDS stability and fine tuning of the fixed delay 

time for image collection is needed. Obviously, image qual-

ity also crucially depends on optical alignments. These 

points will be discussed and examples will be given. Further 

improvement for possible NDT will also be outlined. 

 

Acknowledgement 

   The authors would like to thank Ohi Akihiko and 

Tomoko Ohki of Namiki Foundry (NIMS) for the fabrication 

of diabolo-shaped Fe/Pt spintronic antenna. This work was 

partially supported by NIMS Collaboration Research Grants: 

H29-68, H30-110, and 2019-105 and KAKENHI with pro-

ject number 20K04599.  

 

References 

[1] Koblischka, M. R. et al., Supercond. Sci. Technol. 8, 199–213 

(1995). 

[2] Nistor, I. et al., IEEE Trans. Magn. 42, 3255–3257 (2006). 

[3] Joubert, P.-Y. et al., Sens. Actuator A-Phys. 129, 126–130 

(2006). 

[4] Urs, N. O. et al., AIP Adv. 6, 055605–1–13 (2016). 

[5] Y. Cheng et al., IEEE Transactions on Instrumentation and 

Measurement 62, 1192-1198 (2013);  

[6] D. S. Bulgarevich et al., Sci. Rep. 10, 1158 (2020). 

[7] M. Talara et al., Appl. Phys. Express 14, 042008 (2021). 

[8] M. Talara et al., 67th Spring Meeting 2020, March 12–15, 

2020. 

 

ZnTe chip

Au mirror

[110]

Probe

Magnet

XYZ-scanning stage

Data collection passes

Spintronic chip
12 cm magnet

MOI THz-TDS image

Magnet photo on 
Visualize Sheet

MgO

10 mm

1
.2

 m
m

2.0 mm

1
0

 m
m

Photo of diabolo
spintronic antenna 

MOI 
sensor

Fig. 1. THz-TDS-MOI of permanent magnet in proxim-

ity of the MOI sensor. The magnet/antenna drawings on 

THz-TDS MOI is only for size comparisons and antenna posi-

tioning with respect to image plane. 
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