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Design of charge pump phase-locked Loop based on 40 nm CMOS process

LU Zhe', MA Kui'*, TANG Zhonglin’ , YANG Fashun'?, LIANG Bei'~

(1 School of Big Data and Information Engineering, Guizhou University, Guiyang 550025, China;
2 Guizhou Key Laboratory of Micro/Nano Electronics and Software Technology, Guiyang 550025, China;
3 Shanghai First Branch,Newcore Semiconductor ( Shenzhen) Co., LTD., Shanghai 201210, China)

[ Abstract] Based on THE SMIC 40nm CMOS process, a charge pump phase locked loop (CPPLL) with input frequency range of
25 MHz ~200 MHz and output frequency range of 2.4 ghz~4 GHz is designed. This paper introduces the overall circuit frame of charge
pump phase—locked loop, describes the design and simulation verification of each sub—module circuit and the overall circuit design and
simulation verification, and focuses on the design and simulation optimization of vCO. The simulation results show that the loss
distribution of charge pump reaches 0.3% @ 0.4-1.3 V under dc condition. The output frequency range of vCO is 300 MHz-4 GHz, the
phase noise is —93.4 dB@ 1 MHz at the output frequency of 1 MHz, the locking time is 1 s, the absolute jitter is 1 ps, the power
consumption is 30 mW at the typical value, the area is 300 pmx300 wm.
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Fig. 1 CPPLL structure diagram
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Fig. 2 Schematic diagram of reducing dead zone effect circuit
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Fig. 3 Dead time of the frequency discriminator
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Fig. 4 Schematic diagram of charge pump circuit
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Fig. 5 Transient simulation waveform of charge pump current
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Fig. 6 Circuit block diagram of voltage controlled oscillator
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Fig. 8 Voltage — controlled oscillator phase noise simulation

waveform
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Fig. 9 Low-—pass filter circuit structure diagram
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Fig. 10 Ripple on the voltage controlled oscillator control voltage
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