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Design of Millimeter Wave RF Front-End SiP Based on
3D Hermetic Ceramic Packaging

WANG Zhixuan, ZHOU Li, LI Zhiyou
(The 29™ Research Institute of Chinese Electronics Technology Group Corporation, Chengdu 610036, China)

Abstract; For a 3D hermetic ceramic packaging technology, to enhance its integration density and signal transmission
performance, and minimize the radio frequency (RF) front-end system-in-package (SiP), a millimeter-wave RF front-end
SiP is designed and implemented, which utilizes the 3D direct plated copper (DPC) ceramic substrates and monolithic micro-
wave integrated circuits (MMIC) for 3D stacking design. A quasi-coaxial transmission structure formed by ceramic vias and
copper pillars is employed to achieve vertical interconnection of RF signals, significantly improving the integration density
and signal transmission efficiency of the RF front-end SiP. The RF performance is analyzed in detail and key parameters are
calculated to verify the effectiveness of this structure in the millimeter-wave frequency band. Test results show that within
the operating frequency band, the transmit output power is 21 ~22 dBm. with a receive gain of 25~26 dB, a reception
noise coefficient of less than 3. 2 dB, and a voltage standing wave ratio of less than 2. 3. For a 6-bit phase shifter with a step
of 5.625° and a 6-bit attenuator with a step of 0. 5 dB, the size of the RF front-end SiP is only only 12 mm X 12 mm X 4 mm.
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