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Multi-phase DC-DC buck converter technology has been studied since a long time ago. For the 

operation of high-performance processors such as PCs and servers, markets demand for fast response 

and low output voltage ripple of their power supplies [1].  
Attempting to alleviate this problem, this paper describes a four-phase switching converter using a 

ripple control without a stable clock pulse. By dividing the peak hold voltage by four which is 

supplied from the saw-tooth signal of the main converter, four phase clocks are generated. In our 

converter, the output voltage ripple is reduced by 10% and the settling time is decreased to one-fifth. 

Good current balance is obtained for the large load current of 105 A. Moreover, the EMI noise of the 

PWM spectrum is reduced by 15 dB using the phase-modulating of main control signal.  

Fig.1 shows the configuration of the four-phase converter with constant-on-time (COT) control [2]. 

The feedback voltage Vr and the reference voltage Vref are directly compared by the comparator, and 

the output pulse is used to set the SR flip-flop, and a Ton timer achieves the constant on-time [3]. The 

proposed pulse phase modulation circuit is shown as Fig. 2. The phase is randomly changed while 

maintaining the on-time fixed for each clock. Fig. 3 shows the spectrum of the conductive noise (input 

current) without the EMI reduction, whereas Fig. 4 shows that with the EMI reduction. In the single 

phase converter, the spectrum level at the clock frequency (Fpwm=390kHz) is reduced from 300 mV 

to 100 mV, which is 9.5 dB reduction. In the four phase converter, the spectrum level at the four-fold 

frequency of the clock frequency is reduced from 240 mV to 60 mV, which is 12 dB reduction.  
  

 

 

 
                              

Fig. 2 Proposed COT phase modulation circuit.  
 

 

 

 

 

 

 

 
 

 

Top: Single phase, Bottom: Four-phase 

Fig1. Four-phase converter with COT control         Fig. 3 Spectrum with EMI reduction    Fig. 4 Spectrum with EMI reduction. 
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