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Fig. 1. The schematic diagram of the MgO:LN-TPO pumped by an electro-optic Q-switched



Nd: YAG laser (Insert is schematic of MgO:LN crystal structure).
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Study of High—Repetition—Rate Widely Tunable

Terahertz Parametric Oscillator
Ma Hongru"? Wang yuye"?" Xu bingfeng"? Zhang jingxi"? Sun yue"? Chen kai"?

Xu degang!? Yao jianquan"?

1) (School of Precision Instruments and Optoelectronics Engineering, Tianjin University, Tianjin
300072, China)
2) (Key Laboratory of Optoelectronic Information Science and Technology (Ministry of Education),
Tianjin University, Tianjin 300072, China)

Abstract

In applications such as material detection and imaging, terahertz radiation sources

with high repetition rates can significantly shorten the sample inspection time and

terahertz sources with a broad tuning range can effectively enrich spectroscopic

information and expand the range of detectable materials. To address the difficulty in

simultaneously achieving high repetition rate, wide tuning range, and high output

power in existing terahertz sources, this work theoretically and experimentally

investigates the output characteristics and underlying physical mechanisms of a

high-repetition-rate, broadly tunable terahertz parametric oscillator (TPO) based on an

MgO:LN crystal.First, starting from the stimulated polariton scattering (SPS) process,
13




a net-gain model for the terahertz parametric process is established to systematically

analyze the effects of pump peak power density, pump beam size, and crystal

absorption on the terahertz generation efficiency and tuning range. The theoretical

results show that appropriately increasing the pump energy density can enhance the

terahertz parametric gain and effectively extend the tuning capability toward the

high-frequency side. Experimentally, a high-repetition-rate electro-optically

Q-switched 1064 nm laser is used as the pump source to construct the MgQO:LN-based

TPO. By optimizing the phase-matching angle and the pump beam size, continuous

terahertz-wave output is achieved with a repetition rate of 4 kHz and a frequency

tuning range of 1.05-4.96 THz. The experimental results are in good agreement with

the theoretical analysis. When the pump power is 28 W, a maximum average output

power of 120 uW is obtained at 1.7 THz, corresponding to an energy conversion
efficiency of 4.3 x 10 and an estimated peak power of about 10.3 W. Further analysis
indicates that in the high-frequency terahertz region, a higher pump peak power

density helps overcome the losses caused by crystal absorption, thereby improving the

output power and broadening the accessible tuning range.
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