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A High Precision Digital Phase Shift Method Based on
Charge Pump Phase-Locked Loop

TANG Li,DING Man-lai, WANG Xue-mei, QU Jia-meng, WEN Zhi-lei
( National Key Laboratory of Microwave Imaging Technology ,Aerospace Information Research Institute ,
Chinese Academy of Sciences , Bejjing 100190 , China )

Abstract. Phase shifter is the core device of phased array radar( PAR). With the gradual increase of the working fre-
quency , the insertion loss and phase control error of the traditional phase shifter get worsen seriously,resulting in additional
power consumption and poor beam performance. In this paper,a high-precision digital phase shifting method based on CP-
PLL is investigated. Based on the analysis of CP-PLL mathematical model and phase-shifting mechanism , the method of nu-
merical control current source is proposed to realize the accurate control of the output signal phase, the circuit model is estab-
lished to carry out simulation analysis, and the experimental circuit module is designed. The effectiveness and accuracy of the
method are verified by the comparison of simulation and measurement. The results show that the phase-shifting step is better
than 1°,and the accuracy is better than 10% of the phase-shifting value. The CP-PLL can be used in PAR as a local oscilla-
tor or as a direct transmitter signal. It has the characteristics of high precision,low power consumption and easy integration,
which can replace the phase shifter and effectively improve the performance of PAR.

Key words: phased array radar; phase shifter; charge pump phase-locked loop; digital phase shift; numerical con-
trolled current source ;integrated circuit
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