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Progress of active array microsystems 

Active array microsystems take characteristics of high-density, 
multi-functional, large-aperture, low-profile, broadband wide-
scanning angle, high efficiency, and low cost 

  Active array microsystems are preferred for the new generation 
of radar/communication systems. 
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Principle of active array microsystems  

From the engineering perspective, five transmission flows are 
attributed to the typical active array microsystems 

 Signal flow, which includes generation, conversion, amplification, 
transmission, transmitter, and receiver of the signals. 

 Information flow, including signal flow control, hardware status 
monitoring, system status monitoring, and compensation. 

 Power supply flow, which contains voltage conversion, energy 
distribution and filtering. 

 Force conduction flow, consisting of thermal stress, vibrations, 
and shocks. 

 Thermal transfer flow, including heat transfer, thermal interface 
matching, heat dissipation, and heat sink. 
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Relationship between active array microsystems and 
radar/communication systems 
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Development tendency 
 In consideration of the application requirements, microsystem 

technology is evolving towards multi-functional integration, 3D 
stacking, hybrid heterogeneous integration, and intelligent sensing. 

Based on multi-layer heterogeneous ceramic co-firing technology, 
antennas, active multifunction RF chips, and high-speed digital 
control chips are integrated, while microfluidic channels are 
incorporated to ensure efficient heat dissipation.  

  The profile thickness can be reduced to 15 mm, and the mass 
density of less than 16 kg/m2. 
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Motivation 
 In integrated microsystems, it is generally difficult to eliminate or 

reduce electromagnetic coupling by conventional methods such as 
capacitive decoupling, metal shielding, and microwave absorbing 
material  

For active array microsystems, it is necessary to analyze the 
mechanisms through the accurate modeling of multi-scale, multi-
signal, and multi-physics coupling.  
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“Triple coupling” problem in active array microsystems 
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Engineering applications of active array microsystems 

Multi-functional airborne radar 
 Active phased array systems are widely used on both small and large 

platforms, including unmanned and manned aircrafts. 
 To reduce weight and facilitate loading on airborne platforms, it is 

necessary to design active array microsystems with high efficiency, 
large bandwidth, low profile, aperture distribution, resource configuration, 
and function reconfigurability. 

 The multi-functional airborne radar operates in the P–L band, with 
dimensions of 9.0 m×0.7 m and a profile thickness of 65 mm. 
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Engineering applications of active array microsystems 

Space-based imaging radar/communications 
 Spaceborne imaging radar generally requires a large instantaneous 

bandwidth to improve multi-target imaging recognition and anti-
interference capabilities. 

 The corresponding active array microsystems should take the 
characteristics of low profile, high efficiency, and light weight. 

 In the “HISEA-1” satellite, the profile thickness of the active array 
microsystem is 68 mm, and the mass density is 28.2 kg/m2. 

Schematic diagram of the “HISEA-1” satellite 
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Future outlook  
Active array 
microsystem Outlook  

New architecture  
software-defined 
functions 

• Software defined 
• Intelligent active array microsystems 

Miniaturization of 
passive 
components 

• Integrated passive devices (IPDs) 
• Integrating passive components and active devices with advanced 

packaging technique 

Novel materials 
and processes 

• Novel materials for dielectric, conductor, interconnection, filling, 
packaging, and thermal interface 

• Novel integration process of wafer-level packaging, through-silicon via, 
stacked dies, wire bonding, flip chip, micro-bumping  

Ultra-wideband 
technology 

• Tradeoff among the broadband radiation, low profile, and high 
integration array antennas 

• Linear wideband power amplifiers 

Cross-domain 
application of new 
technologies 

• Integration of MEMS and optical devices 
• Wavelength division multiplexing technique for increasing bandwidth 

capacity 
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