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Fig.1 Structure of the tapered microstrip line and parameters
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Fig.2 Parameter optimization process and results
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Table 1 Parameter optimization process
Optimum process Parameters Optimized result
1 Microstrip line length / 4 mm
2 Medium substrate thickness A 240 pm
3 Incident end face width w,, 650 pm
4 Exit end face width w,,, 530 pm
5 Width of medium substrate w,,, 4 mm
6 Distance between through hole and edge 700 pm
7 Microstrip line (Au) thickness 1 pm

1.2 SH/UYIZEBDH

TEMTIZ 0, AubtBH590 52 A BEAR G M B, DN e T2 EF 8= . RS (TOE M T T Z
LA (Cu) 4 i SME Au PRI T 2277 30, 23 50045 2 9 HL 0 A5 RN 18] 3, dl 5 S 2 B0 2 R AR IF 5 50A 15 K
ZERIR B S SHHEAT X L o W L0 ELAE SRAS B, SR A TR JZ I 11 222 ROR AR 2% 1R 1R RE , A% i 22 %

0114002-3



P

Sy 7E 6.2 GHz (MR E] — 14 dB, L3 R EL S, BUE T 0 BRAE s 5 Z 4 e, Cu 4 J@ AN T 2007 AT DL KRR
JE Ml R B e PEERE O e A B i T T 2007 5K

0 e 0
=3 e, -
_6 ............................. | _6
_9 e _9
ST -12
o -15 4
g L e B
o] )
21 - Ti-coating S|, 2
240 Ti-coating S, R
=27 Au-plated-Cu S| 1%
30 Au-plated-Cu S 4-30
o Auplted-Cu 5, T

2 3 4 5 6 7 8 9 10 1l
Frequency/GHz
B3 ATIHEEMIIEZRCutBAFEAUNIIZFAEANSERERAGERINNSSHNERLEK

Fig.3 The S parameter obtained by processing technology of Ti coating and Au plating on Cu metal were compared with the
simulated S parameter
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Fig.4 Electric field distribution diagram of gradient microstrip line
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Fig.5 Equivalent circuit model and comparison of S parameters between equivalent circuit and simulation model
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Radio Frequency Transmission in Terahertz Quantum Cascade Laser
Frequency Combs

LIU Han'*, LI Ziping', MA Xuhong"*, WU Shumin'’, LIAO Xiaoyu’, GUAN Wen'",
ZHOU Kang'®, ZHAO Yiran'*, CAO Juncheng'*, LI Hua'~
(1 Key Laboratory of Terahertz Solid State Technology , Shanghai Institute of Microsystem and Information Technology,
Chinese Academy of Science, Shanghai 200050, China)
(2 Center of Materials Science and Optoelectronics Engineering, University of Chinese Academy of Science,
Beijing 100049, China)
(3 School of Information Science and Technology, ShanghaiTech University, Shanghai 201210, China)

Abstract: The electrically pumped terahertz quantum cascade laser is characterized by high output power,
low threshold, high quality far—field beam, etc., which is one of the most efficient terahertz radiation
sources In the frequency range between 1 THz and 5 THz. Due to its outstanding performances, the
terahertz quantum cascade laser is an ideal semiconductor platform for the terahertz frequency comb
generation. Different approaches, e.g., group velocity dispersion engineering, active microwave injection
locking, passive stabilization, etc., have been employed to obtain broadband frequency combs based on
terahertz quantum cascade lasers. Regardless of the stabilization technique employed, the radio frequency
transmission in the terahertz quantum cascade laser cavity is a key point for the comb characterization,
because the repetition frequency of the laser comb determined by the laser cavity length normally lies in the
microwave frequency range. Previous studies mainly focus on the optimizations of laser structures to
improve frequency stability. The design and optimization of broadband impedance matching unit are less
investigated. In this article, a tapered microstrip line structure is designed to solve the impedance
mismatching problem in the extraction and transmission of the radio frequency signal of the terahertz
quantum cascade laser frequency comb. The input and output impedances of the tapered microstrip line
structure are designed to be 20 Q and 50 Q, respectively. The simulation of the tapered microstrip line is
carried out by employing a finite element method. The structure and parameter optimization of the tapered
microstrip line is systematically studied. The calculated S,; and S;; are —0.1209 dB and —17.5133 dB,
respectively, at the central frequency of 6.2 GHz. Then the electric field distribution of the tapered
structure 1s simulated and the skin effect of the calculated electric field distribution of the tapered microstrip
line 1s consistent with that of the traditional microstrip line. Furthermore, a corresponding equivalent circuit
model is established to analyze its physical characteristics. In the experiment, the tapered microstrip line
structure 1s applied to the extraction and characterization of the radio frequency signal of a terahertz quantum
cascade laser frequency comb to verify the transmission effect of the tapered microstrip line. We first evaluate
the basic performance of the terahertz quantum cascade laser. The maximum power is 0.75 mW at an
operation temperature of 20 K. And the repetition frequency of the terahertz quantum cascade laser is
successfully measured. The radio frequency linewidth and the signal to noise ratio are measured to be
3.7 kHz and 60 dB, respectively. And the repetition frequency shows a stable single-line signal in the
injection current range of 700~900 mA. The stability of the repetition frequency is further verified under the
condition of resolution bandwidth 500 Hz, video bandwidth 50 Hz, a driving current of 790 mA, and an
operation temperature of 20 K. The frequency fluctuation range of the repetition frequency is measured to
be 110 kHz in 30 s and 480 kHz in 2 min. And the amplitude Allen variance value of different tine intervals
is basically between 10" and 10 *. The measured max-hold and amplitude Allan variance results also
show a high-level stability of the repetition frequency. The experiments show that the designed tapered
microstrip line is able to achieve the impedance matching between the laser chip and the external radio
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frequency transmission cable, which can significantly improve the signal-to—noise ratio of the comb
repetition frequency by at least 10 dB and shorten its linewidth from 394 kHz to 3.7 kHz. The designed
tapered impedance microstrip line can effectively transmit the repetition frequency and reflect the comb
structure of a terahertz quantum cascade laser optical comb. This work provides a simulation and
experimental basis for the radio frequency transmission study and mode—locking of optical frequency combs
and dual-comb sources in the terahertz frequency range.

Key words: Terahertz; Quantum cascade laser; Optical frequency comb; Impedance matching; Tapered
microstrip line
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