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 Step down DC-DC converters are power electronic circuits, which mainly 

used to convert voltage from a level to a lower level. In this paper, a 

discontinuous controller is proposed as a control method in order to 

control Step-Down DC-DC converters. A Lyapunov stability criterion is 

used to mathematically prove the ability of the proposed controller to give 

the desired voltage. Simulationsl1 are performedl1 in MATLABl1 

software. The simulationl1 resultsl1 are presentedl1 for changesl1 in 

referencel1 voltagel1 and inputl1 voltagel1 as well as stepl1 loadl1 

variations. The resultsl1 showl1 the goodl1 performancel1 of the 

proposedl1 discontinuousl1 controller. 
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1. Introduction 

Modernl1 electronicl1 systemsl1 requirel1 high-quality, small, lightweight, reliable, and efficientl1 powerl1 

supplies. Therefore, thel1 DC/DC convertersl1 are widelyl1 used in manyl1 industriall1 and electricall1 

systems. The mostl1 familiarl1 are switchingl1 powerl1 supplies, DCl1 drives, and photovoltaicl1 systems. 

The stabilityl1 is an importantl1 aspect in the designl1 of switchl1 model1 powerl1 supplies; a feedbackl1 

controll1 is usedl1 to achievel1 the requiredl1 performancel1 [1-3]. 

Differentl1 controll1 techniquesl1 are appliedl1 to regulatel1 the DC-DC converters, especiallyl1 buckl1 

converters, in orderl1 to obtainl1 a robustl1 outputl1 voltagel1 [4,5]. 

As DC/DC convertersl1 are nonlinearl1 and time-variantl1 systems, the applicationl1 of linearl1 controll1 

techniquesl1 for the controll1 of thesel1 convertersl1 is not suitable. In orderl1 to designl1 linearl1 controll1 

systeml1 usingl1 classicall1 linearl1 controll1 techniques, the smalll1 signall1 modell1 is derivedl1 by the 

linearizationl1 aroundl1 a precisel1 operatingl1 pointl1 froml1 the statel1 spacel1 averagel1 modell1 [4]. The 

controllersl1 basedl1 on thesel1 techniquesl1 are simplel1 to implement; however, it is difficultl1 to accountl1 

the variationl1 of systeml1 parameters, becausel1 of the dependencel1 of smalll1 signall1 modell1 

parametersl1 on the converterl1 operatingl1 pointl1 [6]. 

Slidingl1 model1 controll1 is a well-knownl1 discontinuousl1 feedbackl1 controll1 techniquel1 whichl1 has 

beenl1 exhaustivelyl1 exploredl1 in manyl1 booksl1 and journall1 articles. The techniquel1 is naturallyl1 
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suitedl1 for the regulationl1 of switchedl1 controlledl1 systems, suchl1 as powerl1 electronicsl1 devices, in 

general, and DC/DC powerl1 converters, in particularl1 [2]. Manyl1 slidingl1 model1 controllersl1 havel1 

beenl1 proposedl1 and usedl1 for DC/DC convertersl1 [6–9]. Thesel1 controllersl1 are directl1 [6] or indirectl1 

controll1 methodl1 [6, 7]. The directl1 methodl1 is proposedl1 in [6]. 

In [7], the outputl1 capacitorl1 currentl1 of DC/DC converterl1 is usedl1 to controll1 the outputl1 voltage. 

The differencesl1 of the DC/DC outputl1 voltagel1 and the referencel1 voltagel1 enterl1 the proportional-

Integratorl1 (PI) type controller, and thenl1 the outputl1 capacitorl1 currentl1 of DC/DC converterl1 is 

decreasedl1 froml1 the outputl1 of controllerl1 [8]. The outputl1 voltagel1 and inductorl1 currentl1 are usedl1 to 

controll1 of DC/DC converterl1 in [9]. Thesel1 referencesl1 [6–9] havel1 not completelyl1 investigatedl1 the 

loadl1 and linel1 as welll1 as referencel1 regulations. 

In this paper, the application of discontinuous control for step down DC-DC voltage converters has 

been analyzed. The operation and mathematical model for the converter have been described in 

section 2. In section 3, the analysis for the control is made. Simulations are performed in section 4 

and some conclusions are made in section 5. 

 

2. Circuit Description 

The topologyl1 of a step-downl1 converterl1 is shownl1 in Figure 1. Whenl1 the switchl1 is on positionl1 1 

the circuitl1 is connectedl1 to the dc inputl1 sourcel1 resultingl1 an outputl1 voltagel1 acrossl1 the loadl1 

resistor. If the switchl1 changesl1 its positionl1 to positionl1 0, the inductorl1 currentl1 willl1 dischargel1 

throughl1 the load. Controllingl1 switchl1 positionl1 the outputl1 voltagel1 can be maintainedl1 at a desiredl1 

levell1 lowerl1 thanl1 the inputl1 sourcel1 voltagel1 [10]. 

A practical realization for the circuit of Figure 1 is shown in Figure 2. 

For a negligible resistance offered by DC-DC converter inductor, the depicted DC-DC step-

down converter (Figure 1) can be described by the following equation: 

𝐿
𝑑𝐼

𝑑𝑡
= 𝑢𝐸 − 𝑣𝑜                                                                                                                       (1) 

I is the converter current (Amp), L and R are the inductance (Henry) and load resistance 

(Ohm) respectively, E and 𝑣𝑜 are input source and output voltages (Volts) respectively, and 

u is the control input, or a switching function, which can acquire two discrete values – either 

0 or 1. 

For control purposes, the model of Eq. (1) can be written in terms of input voltage E and 

output voltage 𝑣𝑜 only as follows: By Applying Ohm’s law, we get 𝐼 =
𝑣𝑜

𝑅
 which results in 

𝑑𝐼

𝑑𝑡
=

�̇�𝑜

𝑅
 Substitute for 

𝑑𝐼

𝑑𝑡
 in (1) one can get 

𝐿

𝑅
�̇�𝑜 = 𝑢𝐸 − 𝑣𝑜                                                                                                                      (2) 

Rearranging the above equation one can get 

�̇�𝑜 = −
𝑅

𝐿
𝑣𝑜 +

𝑅

𝐿
𝑢𝐸                                                                                                                (3) 

The above equation represents the circuit dynamics of Figure 1 and which will be used in 

control analysis. 

 

 

Figure 1: Schematic of conventional step-down DC-DC voltage converter [10]. 
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Figure 2: Practical circuit of step-down DC-DC voltage converter [11]. 

 

3. Discontinuous Control Analysis 

In this section, the proposed control method is analyzed to show sufficient conditions for the 

converter to operate correctly. 

First, define the voltage error e as 

𝑒 = 𝑣𝑜 − 𝑣𝑑                                                                                                                                         (4) 

Differentiate the above equation 

�̇� = �̇�𝑜 − �̇�𝑑                                                                                                                                          (5) 

 

Since voltage converters are generally deployed to supply a constant desired voltage, then it's 

assumed that �̇�𝑑 = 0. Substitute for �̇�𝑜 from Eq. (3) into Eq. (5) results in  

�̇� = −
𝑅

𝐿
𝑣𝑜 +

𝑅

𝐿
𝑢𝐸                                                                                                                                (6) 

From Eq. (4), 𝑣𝑜 can be replaced by 𝑣𝑜 = 𝑒 + 𝑣𝑑, then substitute for 𝑣𝑜 into Eq. (6) results in 

�̇� = −
𝑅

𝐿
(𝑒 + 𝑣𝑑) +

𝑅

𝐿
𝑢𝐸                                                                                                                     (7) 

 

The above equation represents the error dynamics of the step-down converter, and the task of the 

control action u is to make the voltage error 𝑒 reach zero value which results in 𝑣𝑜 = 𝑣𝑑. 

In this work, it’s assumed that the converter operates in switching mode, that’s, the control signal can 

have only the values 1 (on) and 0 (off), and that control signal is supplied to the transistor Q (Figure 

2) which operates as a switch. In this manner, the transistor switch Q controls the circuit current by 

connecting and disconnecting the circuit to the voltage supply. Based on that, When the output 

voltage 𝑣𝑜 is smaller than the desired 𝑣𝑑 (𝑒 < 0), then the control action takes the value 1 and the 

transistor switch Q is on, and when the output voltage 𝑣𝑜 is larger than the desired 𝑣𝑑 (𝑒 > 0), then 

the control action takes the value 0 and the transistor switch Q is off. Based on that, the control action 

u can be defined as [10] 

 

𝑢 = {
1 (𝑜𝑛)  𝑖𝑓  𝑒 < 0 (𝑣𝑜 < 𝑣𝑑)

0 (𝑜𝑓𝑓) 𝑖𝑓  𝑒 > 0 (𝑣𝑜 > 𝑣𝑑)
 

 

=
1

2
(1 − 𝑠𝑖𝑔𝑛(𝑒))                                                                                                                               (8) 

 

Where 𝑠𝑖𝑔𝑛(𝑒) = {
1       𝑖𝑓  𝑒 > 0
−1     𝑖𝑓  𝑒 < 0

 

The main contribution of this work is to investigate the operation of the step-down converter under 

the effect of the proposed control action described by Eq. (8) above and find a suitable value for the 

supply voltage to operate correctly. 

To do so, the Lyapunov stability is applied. First, define a positive definite Lyapunov function as 

[12] 

 

𝑉 =
1

2
𝑒2 > 0     ∀𝑒 ≠ 0                                                                                                                       (9) 

 

Then, for the system of Eq. (7) to be stable, then the time derivative of the Lyapunov function must 

be negative definite [12]. Thus, differentiating Eq. (9) results in 
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�̇� = 𝑒�̇� < 0     ∀𝑒 ≠ 0                                                                                                                       (10) 

Substitute for �̇� from Eq. (7) results in 

 

�̇� = 𝑒 [−
𝑅

𝐿
(𝑒 + 𝑣𝑑) +

𝑅

𝐿
𝑢𝐸] < 0                                                                                                      (11) 

In the case of the output voltage 𝑣𝑜 is less than the desired 𝑣𝑑 (𝑣𝑜 < 𝑣𝑑), i.e. (𝑒 < 0), then the 

control action u will have the value 1 (𝑢 = 1) and Eq. (11) becomes 

 

�̇� = 𝑒 [−
𝑅

𝐿
(𝑒 + 𝑣𝑑) +

𝑅

𝐿
𝐸] < 0                                                                                                        (12) 

Since 𝑒 < 0, then the other term enclosed in brackets must be positive to ensure that �̇� < 0, then 

 

−
𝑅

𝐿
(𝑒 + 𝑣𝑑) +

𝑅

𝐿
𝐸 > 0                                                                                                                     (13) 

Multiply both sides by 
𝐿

𝑅
 gives 

 

−𝑒 − 𝑣𝑑 + 𝐸 > 0                                                                                                                               (14) 

Since 𝑒 < 0, then −𝑒 > 0 already, which leaves  

 

−𝑣𝑑 + 𝐸 > 0                                                                                                                                      (15) 

 

And finally  

 

𝐸 > 𝑣𝑑                                                                                                                                                (16)     

On the other hand, if the output voltage 𝑣𝑜 is greater than the desired 𝑣𝑑(𝑣𝑜 > 𝑣𝑑), i.e. (𝑒 > 0), then 

the control action u will have the value 0 (𝑢 = 0), and Eq. (11) becomes 

 

�̇� = 𝑒 [−
𝑅

𝐿
(𝑒 + 𝑣𝑑)] < 0                                                                                                                  (17) 

 

Since 𝑒 > 0, then the other term enclosed in brackets must be negative to ensure that �̇� < 0, then 

−
𝑅

𝐿
(𝑒 + 𝑣𝑑) < 0                                                                                                                                (18) 

 

Since 𝑒 > 0 and 𝑣𝑑 assumed to be positive as mentioned earlier, 𝑅 and 𝐿  are positive, then the above 

inequality is proved. 

The above results of Eq.’s (16) and (18) shows that in case that the desired voltage 𝑣𝑑 is positive, 

then the supply voltage 𝐸 must always be greater than the desired voltage 𝑣𝑑, in addition, when the 

output voltage is greater than the desired, then the control action u=0 and the output voltage will 

decay to the desired. A block diagram of the overall system is shown in Figure 3. 

A final note can be made for the equivalent control action. Back to Eq. (7), when the voltage error 𝑒 

reaches zero, i.e. = 0 , which also leads to �̇� = 0, then Eq. (7) becomes 

0 = −
𝑅

𝐿
(𝑣𝑑) +

𝑅

𝐿
𝑢𝐸                                                                                                                          (19) 

Which leads to  

𝑢𝑒𝑞 =
𝑣𝑑

𝐸
                                                                                                                                             (20) 

What Eq. (20) means is that, despite that the controller action u has a discontinuous nature which 

alternate between values 0 and 1 only, the average of that signal is equal to the ratio between the 

desired voltage 𝑣𝑑 and supply voltage E.  
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Figure 3: Block diagram of step-down DC-DC voltage converter 

 

4. Simulation and Results 

In order to verify that the operation of the converter and controller, a numerical simulation using 

MATLAB is performed. For all simulations, the sampling time assumed to be 0.01msec and the 

inductance 𝐿 = 0.2 H. the next simulations show the converter operation under different operation 

conditions which include the variety of the supply voltage E and the load resistance R. 

 

I. Constant supply voltage 

In the first simulation, the converter is assumed to supply a constant value desired voltage. In this 

simulation, the desired voltage is 𝑣𝑑 = 5 volts. The converter is assumed to be supplied by 𝐸 = 12 

volts source and load resistance 𝑅 = 10 𝑜ℎ𝑚. The simulation results are shown in Figures 4-9. 

Figure 4 shows the output voltage 𝑣𝑜, Figure 5shows the load current 𝐼, the voltage error 𝑒 is shown 

in Figure 6, the Lyapunov function is shown in Figure 7 and control action u and its equivalent value 

are shown in Figures 8 and 9 respectively. 

Figure 8 below shows the control action described by Eq. (8). It can be seen how the control action 

oscillates between values 0 and 1 in order to keep the output voltage 𝑣𝑜 at the desired level. 

However, to get more insight into the operation of control action, the control signal can be filtered to 

get rid of the high-frequency components and the averaged control signal is obtained. In this work, a 

second-order filter is applied with the time constant of 1ms sec is used and the equivalent control 

action is shown in Figure 9. The equivalent control action here is obtained only for explanation 

purpose and do not play rule in performance. It’s worth noting that the final equivalent control value 

should be compatible with Eq. (20), which in this case  𝑢𝑒𝑞 =
𝑣𝑑

𝐸
=

5

12
= 0.417. 

 

 

Figure 4: Output voltage 𝒗𝒐. 
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Figure 5: Load current. 

 

 

Figure 6: Voltage error e. 

 

 

Figure 7: Lyapunov function V. 

 

 
Figure 8: Control action u. 
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Figure 9: Equivalent control action 𝒖𝒆𝒒. 

 

 

 

II. Variable supply voltage  

In this simulation, the supply voltage source assumed to be variable, in this case, the supply voltage 

has the form 𝐸(𝑡) = 12 + 3sin (1000𝑡). Figure 10 below shows the waveform of the supply voltage. 

The other parameters of the circuit are the same as the previous simulation.  

 

 

Figure 10: Supply voltage E. 

 

 

Figure 11: Output voltage 𝒗𝒐. 
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Figure 12: Load current. 

 

 

Figure 13: Voltage error e. 
 

 

Figure 14: Control action u. 
 

 

Figure 15: Equivalent control action 𝒖𝒆𝒒. 
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Figure 16: Lyapunov function V. 

 

III. Load variation 

In this last simulation, the case of the load resistance value is considered. The supply Voltage E is 

considered to be constant as in the first simulation. The load assumed to change its value from 10 

ohms to 5 ohms at time instant t=0.03sec. Figures 17-23 below show the converter performance 

under load variation. 

 

 

Figure 17: Load value R. 

 

 

Figure 18: Output voltage 𝒗𝒐. 
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Figure 19: Load current. 

 

 

Figure 20: Voltage error e. 

 

 

Figure 21: Control action u. 

 

 

Figure 22: Equivalent control action 𝒖𝒆𝒒. 
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Figure 23: Lyapunov function V. 

 

5. Discussion 

In this work, the problem of stability and control of step-down DC-DC converters have been 

addressed. The main contribution of this paper was to investigate the criteria that make the converter 

work properly. The analysis in section 3 shows that the condition for converter stability is that the 

supply voltage E must always be greater than the output voltage 𝑣𝑜 which is demonstrated by Eq. 

(16). 

Simulation results show that the converter works properly and it’s able to give the desired voltage 

despite variations in supply voltage and load value as long as the condition of Eq. (16) is satisfied. 
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