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Abstract:  Currently, the resources in frequency band of Sub-6 GHz are increasingly scarce, which promotes the re-
search of millimeter wave in 5G/6G communication field. As a key component to determine the communication quality and
imaging accuracy, the research and development of millimeter-wave oscillator with low phase noise and high stability has
important scientific research value and application prospect. This study presents a Ka-band MMIC oscillator chip based on
resonant tunneling diodes (RTDs) with negative resistance characteristics, which effectively simplify oscillator circuit de-
sign. RTD is a semiconductor device based on quantum tunneling effect, with a double-barrier single-quantum-well (DBQW)
structure as their most representative configuration—where the barriers are composed of wide-bandgap materials and the

well of narrow-bandgap materials. RTDs exhibit both nonlinear and negative resistance properties, enabling them to operate
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both as an oscillator and detector by changing the bias voltage. After comparing GaAs and InP epitaxial materials, the InP
system was selected for its superior performance. Through optimized epitaxial structure, the fabricated RTD achieved a
peak-to-valley current ratio of 3.9 and a peak current density of 290 kA/cm?. The oscillator circuit, implemented on an InP
substrate, integrates a coplanar waveguide, metal-insulator-metal (MIM) capacitors (for decoupling and DC blocking), and
suppression resistors. The decoupling capacitor shorts RF signals to ground to prevent power dissipation, while the DC-
blocking capacitor protects spectrum analyzers from damage during on-wafer measurements. The low-frequency bias oscil-
lations are suppressed by shunt resistor. The intrinsic capacitance of the RTD, combined with an equivalent inductance real-
ized by a shorted transmission line, forms an LC oscillation network to generate the desired frequency. A thin film NiCr re-
sistor is used for realizing stabilizing resistor. The MIM capacitor are realized by Si,N,. The On-wafer testing results show
fundamental oscillation frequency of 30.67 GHz, with an output power of —2.2 dBm, phase noise of —87 dBc/Hz@1 MHz
and —114 dBc/Hz@ 10 MHz, a tuning bandwidth of 0.72 GHz, a figure of merit (FoM) of —169.7 dBc/Hz, and a total DC
power consumption of 71.3 mW, and the chip area is 0.39 mm?. The difference between simulation and experimental results
may stem from fabrication tolerances, transmission line deviations, and inaccuracies device equivalent circuit model of
RTD.Compared with other Ka-band oscillator, this study has a higher output power and a smaller chip area, and there is still
a gap between the performance of the oscillator implemented by the same process in foreign. The performance of the oscilla-
tor will be improved by optimizing the material structure, improving circuit design, and optimizing the suppression resis-

tance values. The oscillator chip based on resonant tunneling diode is the first report in China, and this method is expected
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to be applied to realize terahertz frequency band oscillator.
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