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Abstract: With the development of radar transmission technology, the miniaturization, high power density, and
high dynamic performance of transmitting modules have become the research focus. To improve the power density of the
transmitting module, a stacked transmitting module’s design scheme based on gallium nitride (GaN) and waveguide spa-
tial power-combining techniques is proposed, which achieves the integration of waveguide spatial power dividing/com-
bining network and module’s box body. At the same time, multiple power amplifier modules are stacked on the top of
the waveguide spatial power dividing/combining network to achieve high power density and miniaturization design of the
module. In order to improve the efficiency of the transmitting module and optimize its dynamic performance under pulse
load conditions, the power supply unit adopts a distributed structure, with “a half-bridge LLC+ dual-synchronous Buck”
as the main power topology. The application of the half-bridge LLC and synchronous rectification technology reduces
cost and improves efficiency. Innovatively, a state trajectory control strategy (OTC) is introduced to collect the induc-
tance current, the resonant capacitor voltage and output voltage of the half-bridge LLC resonant slot during load muta-
tion to achieve frequency conversion control of the main topology, thereby optimizing the dynamic performance of the
transmitting module. Taking the Ka band 200 W solid-state transmitting module as an example, the measured results
show that the peak power of the module reaches 213 W, the flatness reaches +0.2 dB, and the output stray is <-59 dBec.
In a certain frequency band, the maximum comprehensive efficiency of the module is 19.9%, increasing by about 2.1%.
Compared with the modules in the same band, the power density increases by 17.98%, reaching 1 458 W/in®. The dy-
namic adjustment time of the module pulse load switching increases by about 19.2%, which has obvious advantages.

Key words: high power density module; dynamic performance optimization; solid-state transmission technology;
synchronous rectification technology; state trajectory control strategy
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