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Abstract. The circuit average equivalent model of non-ideal Buck converters in CCM 
was established on the basis of energy conservation average method and time averaging 
equivalent circuit method, which is considering the influence of the every element’s 
equivalent parasitic parameters and inductance current ripples existing in actual 
converters, and the influence of the output current oscillation for the circuit performance. 
Analysis and simulation by Matlab were implemented. It could be seen that the new 
model is intuitive and has clear physical meaning. Therefore, it can reflect the actual 
operation of the system more accurately. 

1.  Introduction 
With the extensive application of DC-DC converter system to portable electronic devices, there is a 
growing deviation between the ideal model and the actual circuit. Therefore, it is necessary to establish 
a non-ideal small signal model that is closer to the actual circuit to analyze the stability and dynamic 
small signal characteristics of the silicon, so as to ensure the stable and reliable operation of the system. 

The method of circuit average equivalent modeling is based on the circuit structure of dc-dc converter, 
which is using time average technique to average and linearize the nonlinear elements in the circuit and 
could be obtained linearized average equivalent circuit model. The biggest advantage of this method are 
that the equivalent circuit model is consistent with the original circuit topology, and the physical 
significance is clear.  but when the number of circuit components increases, it takes a lot of computation 
to get the average topology.The circuit average method mainly includes time averaging equivalent 
circuit method in references[1-4] and energy conservation average method in references[5-6].  

Based on the references [1-10] which are modeling achievements of dc-dc converter, large signal 
average equivalent circuit model of non-ideal Buck converters in the continuous conduction mode 
(CCM) was established. The model considered the influence of the every element’s equivalent parasitic 
parameters and inductance current ripples existing in actual converters, and combined with energy 
conservation average method and time averaging equivalent circuit method. On this basis, dc equivalent 
circuit model and small-signal equivalent circuit model of the Buck converter are established. The model 
is universality to the non-ideal Buck converter in continuous conduction mode (CCM). It could be seen 
that the new model is intuitive and has clear physical meaning. Therefore, it can reflect the actual 
operation of the system more accurately.  
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2.  Equivalent Circuit of Non-IDEAL Buck Converter 
The power level of Buck converter which is considering non-ideal parasitic parameters is showed in 
Fig.1. The active switch MOSFET is equivalent to the series of the ideal switch S  and the on-resistance 

SR ,The diode D  is equivalent to the series of the ideal switch D , the forward voltage DV  and the on-

resistance DR ,  LR and CR  are equivalent series resistors of filter inductance L and filter capacitor C

respectively. Assuming that the switching period of the switching element S is ST , and the on-off time is 

onT , then the duty cycle is Son TTD  . 
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Figure 1. Non-ideal Buck converter considered parasitic parameters 
 

For the non-ideal Buck converter considering the influence of inductance current ripples in CCM, 
supposing the maximum value, minimum value and average value of inductance current in a switching 
cycle are maxI , minI  and LI , respectively , the current waveform  tiL ,   tiS  and  tiD  flowing through 

the inductance L  and on the two switching tubes S  and D  are shown in Fig.2. 
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Figure 2. Each current waveform of Buck converter in CCM 

3.  Modeling of non-ideal Buck converter in CCM 
In CCM mode, considering the influence of inductance current ripples and according to energy 
conservation average method, the parasitic parameters of switching elements in Fig.2 can be equivalent 
to the inductance branch.The effective value  rmsLI , , rmsSI ,  and rmsSI ,  of the inductance current and two 

switching tubes in a switching cycle are obtained as follows. 
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Therefore, According to the energy conservation method, the equivalent average voltage EV  

converted by parasitic voltage DV  is as follow. 
 

  DE VDV  1                                                                   (4) 
 

SR , DR  and LR  are converted and combined to obtain the total equivalent average resistance ER  

as follows. 
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Therefore, the non-ideal buck converter can be equivalent to the circuit shown in Fig.3. 
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Figure 3. Non-ideal Buck converter after equivalent conversion 
 

According to the time averaging equivalent circuit method, if the disturbance amount of duty cycle 

is d̂ , then the instantaneous value of duty cycle is dDd ˆ . Combined with Fig.2, the average variable 
of current  tiS  which is flowing through the power switch S in a switching cycle can be expressed as 
follow. 
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In the average equivalent circuit, it is considered that the average value of the input voltage source 

is equal to the instantaneous value, that is  tvv gg  , then the average variable of voltage  tvD  at both 

ends of the switch D  can be expressed as follow. 
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Therefore, Considering the input voltage source directly connected in series with active power switch

S , the power switch S can be replaced by a controlled current source Ldi , and the passive switch D  can 

be replaced by a controlled voltage source gdv . And then the large signal average equivalent circuit 

model of non-ideal Buck converter under CCM can be obtained, as shown in Fig. 4. 
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Figure 4. Large signal average equivalent circuit model of non-ideal Buck converter in CCM 
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Ignore the small signal perturbations, in Fig. 4, letting gg Vv  , oo Vv  , Dd  , LL DIdi  , 

gg DVdv  , and make the inductance L  short circuit, capacitor C  open circuit. At the same time, it is 

assumed that under ideal conditions, the ideal transformer can transform dc, then the controlled voltage 
source and current source can be replaced by the ideal transformer. The DC equivalent circuit model of 
the non-ideal Buck converter in CCM as shown in Fig. 5 is obtained. 
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Figure 5. DC equivalent circuit model of non-ideal Buck converter in CCM 
 

Therefore, the steady-state value D of duty cycle d can be expressed as: 
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Each parameter in Fig. 4 are separated the perturbation and made to equal the sum of dc component 

and ac component, that is ggg vVv ˆ , LLL iIi ˆ , ooo vVv ˆ , dDd ˆ , and the parameters of the 

two nonlinear controlled sources are separated as follows: 
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It is Assumed that the converter is satisfied with the small signal hypothesis, that is gg Vv ˆ , 

LL Ii ˆ , oo Vv ˆ ,  Dd ˆ , The quadratic product terms Lidˆˆ and gvd ˆˆ of the ac small signal are 

negligible small quantities of the second order. To remove the dc components of the above kinds, the 
linear small-signal equivalent circuit of non-ideal Buck converter in CCM as shown in Fig. 6 can be 
obtained. 
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Figure 6. Small-signal equivalent circuit model of non-ideal Buck converter in CCM 
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According to Fig.6, the expressions for the power level transfer functions of non-ideal Buck 
converter are described as follows. 
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Among the above categories, the free resonance frequency is  LCRR
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In equations (15) and (16), the output current  siô is the test current, and the direction is from right 

to left in Fig.6.  sZo is the output impedance of the open loop and  sGiz is the transfer function of the 
inductive current to the output current. The two equations reflect the influence of the output current 
fluctuation on the circuit performance. 

Among the above equations (11) to (16), letting 0s , the low-frequency asymptotes of small signal 

characteristics can be obtained as follows.  
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equivalent series resistance ER  in the inductance branch, that is, the low-frequency asymptotes of small 
signal characteristics is related to the two switching tubes and the equivalent parasitic parameters of the 
inductance. 

If letting s , the high-frequency asymptotes of small signal characteristics can be obtained as 

follows.   0vgG ,   0vdG ,   0igG ,   0idG ,  
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 oZ  is related to the parasitic parameters  CR  of capacitance. 
It is worth to point out that the dc gain of the output voltage to the input voltage obtained from 

equation (11) is: 
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It can be seen that the equations (17) and (9) can be said the dc gain of the output voltage to the input 

voltage, but the value is different, equation (17) is obtained by the small-signal equivalent circuit model, 
and the equation (9) is obtained by dc equivalent model, which contains a diode positive pressure drop 

EV and does not contain ac small signal component. In the subsequent derivation process, equation (17) 
is used for ac small signal model, otherwise, equation (9) is used if it refers to dc gain. 

Therefore, the disturbance quantity of the average inductance current  tiL̂  and the disturbance 

quantity of the average output voltage  tvoˆ  can be expressed as follows. 
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ˆˆˆˆ                                            (19) 

4.  Simulation 
In this paper, Matlab is used to simulate the model [11-12], and the simulation parameters are: VVg 15 , 

VVo 10 ,  10R , HL 127 ,  72.0LR , FC 247 ,  mRC 20 ,  mRS 10 ,  mRD 30 , 

VVD 45.0 ,  Inductive current ripple AiL 06.0 , and the frequency of the switch ZS kHf 200 . 
Fig.7 shows the comparison between the control-output transfer function Bode diagram of the ideal 

model and the non-ideal model, in which the real line is the non-ideal model and the dotted line is the 
ideal model. It can be seen that the ideal model and the non-ideal model are slightly different in the low 
and middle-frequency band, but after ZH310 , their amplitude-frequency characteristic or phase-
frequency characteristics have bigger difference, and , and the amplitude of the non-ideal model 
decreases more slowly, the phase is relatively advanced. This is also can see from Equation (10), the 
ideal model relative to the ideal model adds a zero, so that the amplitude-frequency characteristic curve 
near the zero point relative to the ideal model of slope, and the leading phase.The non-ideal model 
relative to the ideal model increases a zero point 1z , thus, the slope of the amplitude-frequency 

characteristic curve increases by decdB20 near the zero point and produces a leading phase of 090 . 
It can be seen that when modeling DC-DC converter, if only ideal assumptions are made, the 

equivalent model of DC-DC converter will have a large deviation from the actual circuit, which will 
affect the design of control circuit. Therefore, it is necessary to consider the non-ideal factors of DC-
DC converter in the modeling process. 
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Figure 7. Bode diagram of control-output transfer function  sGvd  (real line is non-ideal model, dotted 
line is ideal model) 

5.  Conclusion 
The circuit average equivalent model of non-ideal Buck converters in CCM was established in this paper. 
The model considered the influence of every element’s equivalent parasitic parameters and inductance 
current ripples existing in actual converters. The expressions of the power level transfer functions of 
non-ideal Buck converter are obtained and are proved that the transfer functions are affected by non-
ideal factors. The necessity of the non-ideal model is verified by the simulation of the control-output 
transfer function.The model was intuitive, had clear physical meaning and can reflect the actual 
operation of the system more accurately. The modeling method is universal and suitable for other types 
of converters, such as Boost, Buck-Boost, etc.  
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