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Graphical Abstract (Grafik Özet) 

This study compares constant on-time (COT) and variable on-time (VOT) control techniques for completely 

digitally controlled buck/buck-boost power factor correction (PFC) converters operated in critical conduction 

mode (CRM). It examines the dynamic behavior of converters under various operating conditions to better 

understand the stability and robustness of the control system. / Bu çalışma, kritik iletim modunda (CRM) 

çalıştırılan tamamen dijital olarak kontrol edilen düşürücü/düşürücü-yükseltici güç faktörü düzeltme (PFC) 

dönüştürücüleri için sabit açık zaman (COT) ve değişken açık zaman (VOT) kontrol tekniklerini karşılaştırır. 

Kontrol sisteminin kararlılığını ve sağlamlığını daha iyi anlamak için dönüştürücülerin çeşitli çalışma 

koşulları altındaki dinamik davranışını inceler. 

 

Figure A: Conventional buck PFC and buck/buck-boost PFC converter  /Şekil A:.Klasik düşürücü PFC ve 

düşürücü/düşürücü-yükseltici PFC döünüştürücü 

Highlights (Önemli noktalar)  

➢ The paper allows fully digitally controlled COT and VOT control methods to be applied to the 

buck/buck-boost converter. / Makale, tamamen dijital olarak kontrol edilen COT ve VOT kontrol 

yöntemlerinin düşürücü/düşürücü-yükseltici dönüştürücüye uygulanmasına olanak tanır. 

➢ The THD and PF values obtained from both control methods under different load and input voltage 

conditions are compared. / Her iki kontrol yönteminin farklı yük ve giriş gerilimi koşulları altında 

elde edilen THD ve PF değerleri karşılaştırılır. 

➢ By presenting simulation results, an important gap in the literature has been eliminated. / 

Simülasyon sonuçları sunularak literatürdeki önemli bir eksiklik giderilmiştir. 

Aim (Amaç): The aim is to apply fully digital control methods to the buck/buck-boost PFC converter and 

compare the total harmonic distortion (THD) and power factor (PF) performances of these control strategies. 

/ Amaç, düşürücü/düşürücü-yükseltici PFC dönüştürücüye tamamen dijital kontrol yöntemlerini uygulamak 

ve bu kontrol stratejilerinin toplam harmonik bozulma (THD) ve güç faktörü (PF) performanslarını 

karşılaştırmaktır. 

Originality (Özgünlük): A significant weakness in the literature on this topic is the lack of simulations in the 

papers. The absolutely separates this study from other studies in the literature is the thorough reporting of the 

completely digital controlled converter simulation results. / Bu konuyla ilgili literatürdeki önemli bir zayıflık, 

makalelerde simülasyonların bulunmamasıdır. Bu çalışmayı literatürdeki diğer çalışmalardan kesinlikle 

ayıran şey, tamamen dijital kontrollü dönüştürücü simülasyon sonuçlarının kapsamlı bir şekilde 

raporlanmasıdır. 

Results (Bulgular): The VOT control method demonstrates higher PF and lower THD compared to the COT 

control method for both 220VAC and 110VAC input voltage under full load conditions. / VOT kontrol yöntemi, 

tam yük koşulları altında hem 220VAC hem de 110VAC giriş voltajı için COT kontrol yöntemiyle 

karşılaştırıldığında daha yüksek PF ve daha düşük THD gösterir. 

Conclusion (Sonuç): The VOT control strategy offers the advantage over COT of dynamically adapting the 

on-time based on input and output voltage conditions, resulting in improved load regulation and stability. / 

VOT kontrol stratejisi, giriş ve çıkış voltajı koşullarına dayalı olarak açık kalma süresini dinamik olarak 

uyarlama konusunda COT'ye göre avantaj sunar ve bu da gelişmiş yük düzenlemesi ve stabilite sağlar. 
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Abstract 

This paper compares two frequently used control strategies for fully digitally controlled 

buck/buck-boost power Factor Correction (PFC) converters operated in critical conduction mode 

(CRM): constant on-time (COT) and variable on-time (VOT). The aim is to evaluate and compare 

the total harmonic distortion (THD) and power factor (PF) performance of these control 

strategies. The COT control technique employs a fixed on-time period for each switching cycle, 

resulting in a predictable and straightforward control scheme. On the other hand, VOT control 

dynamically adapts the on-time period based on the input and output voltage conditions, offering 

potential advantages in terms of load regulation and stability. Results of the paper ensure precious 

insights into strengths and limitations of each control technique. Additionally, the dynamic 

behavior of the converters under various operating conditions is investigated, shedding light on 

the stability and robustness aspects of each control scheme. The study is conducted using a fully 

digital setup and evaluated in Matlab/Simulink software platform. The results demonstrate that 

under steady-state conditions, VOT control superior to COT in terms of THD and PF. These 

results provide valuable insight on selecting a suitable control method for PFC converters, 

considering specific requirements of their applications. 
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Öz 

Bu makale, kritik iletim modunda (CRM) çalıştırılan tamamen dijital olarak kontrol edilen 

düşürücü/düşürücü-yükseltici güç faktörü düzeltme (PFC) dönüştürücüleri için sıklıkla kullanılan 

iki kontrol stratejisini karşılaştırır: sabit açık zaman (VOT) ve değişken açık zaman (VOT). 
Amaç, bu kontrol stratejilerinin toplam harmonik bozulma (THD) ve güç faktörü (PF) 

performansını değerlendirmek ve karşılaştırmaktır. COT kontrol tekniği, her anahtarlama 

döngüsü için sabit bir açık kalma süresi kullanır ve bu da öngörülebilir ve basit bir kontrol 

şemasıyla sonuçlanır. Öte yandan VOT kontrolü, giriş ve çıkış voltajı koşullarına göre açık kalma 

süresini dinamik olarak uyarlayarak yük düzenlemesi ve kararlılık açısından potansiyel avantajlar 

sunar. Makalenin sonuçları, her kontrol tekniğinin güçlü yönleri ve sınırlamaları hakkında değerli 

bilgiler sağlamaktadır. Ek olarak, dönüştürücülerin çeşitli çalışma koşulları altındaki dinamik 

davranışları incelenerek her kontrol şemasının kararlılık ve sağlamlık yönlerine ışık tutulmuştur. 

Çalışma tamamen dijital ortamda gerçekleştirilmiş ve Matlab/Simulink yazılım platformunda 

değerlendirilmiştir. Sonuçlar, kararlı durum koşulları altında VOT kontrolünün, THD ve PF 

açısından COT'dan daha üstün olduğunu göstermektedir. Bu sonuçlar, uygulamalarının özel 

gereksinimleri dikkate alınarak PFC dönüştürücüler için uygun bir kontrol yönteminin seçilmesi 

konusunda değerli bilgiler sağlamaktadır. 

1. INTRODUCTION (GİRİŞ) 

AC/DC power conversion systems play a crucial 

role in various power electronic devices, enabling 

efficient power conversion from the AC grid to DC 

load. However, the increasing number of devices 

has given rise to a significant concern: harmonic 

pollution. In response, various power factor 

correction (PFC) circuits have been designed to 

comply with IEC 61000-3-2 current harmonic 

standards, effectively addressing this issue. These 

circuits aim to ensure high PF and low THD in 

power systems. Among different types of AC/DC 

PFC converters, boost, buck-boost, buck, cúk, and 

sepic converters are commonly used due to their 
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versatility and wide range of applications. Each 

topology has unique benefits and drawbacks. 

 
Figure 1. Current and voltage waveforms of the 

conventional buck PFC converter (Klasik düşürücü 

PFC devresinin akım ve gerilim dalga formları) 

The boost PFC converter [1] increases voltage, 

helping to stabilize voltage and enhance power 

factor (PF), but it may also increase current stress 

on the switch due to continuous conduction mode 

(CCM) operation. The buck-boost PFC converter 

[2] combines the benefits of both boost and buck 

converters but requires careful design to mitigate 

switching losses. Also, even if the topology has a 

single switch, inversion of output leads to a complex 

sensing and feedback circuit. Cúk [3] and sepic [4] 

PFC converters are known for their ability to 

provide step-up/step-down capability of the output 

voltage and to reducing voltage stress on 

semiconductors, ideal for high-power applications. 

However, the main drawback of these topologies is 

that they have the same voltage gain as buck-boost 

converters but require more components. On the 

contrary, the buck PFC converter efficiently reduces 

voltage, improving voltage stress on the switches, 

voltage regulation, and conduction losses, making it 

suitable for applications where voltage reduction is 

required. Nevertheless, due to its dead zones, the 

conventional buck PFC converter is unable to 

control the input current to be fully sinusoidal, 

which results of significant losses in regions where 

the input voltage is lower than the output voltage. 

Consequently, the circuit has trouble meeting with 

the IEC61000-3-2 current harmonic limits. Figure 1 

shows the input and output voltages as well as the 

input current waveforms for conventional buck PFC 

converter within a half period. 

The implementation of the constant on-time (COT) 

control method to the buck PFC converter was first 

discussed in [5]. In this study, where dead zones 

could not be entirely eliminated, a power factor (PF) 

of 0.965 was achieved. First study in which variable 

on-time (VOT) control method is applied to the 

buck PFC converter is presented in [6]. However, 

the reported study was unable to eliminate dead 

zones. Another noteworthy study in which the COT 

control method and soft switching technique are 

used both to the buck converter is presented in [7]. 

The study on eliminating the dead zones of the buck 

PFC converter with additional circuit is given in [8]. 

The new topology obtained by adding a switch and 

two diodes is superior to the conventional ones. The 

implementation of the fully analog VOT control 

method to the flyback circuit is given in [9]. A study 

on the control of the buck PFC converter with the 

COT control method is also presented in [10]. 

However, dead zones could not be controlled. The 

study in which flyback topology is added to 

eliminate dead zones in the forward converter is 

presented in [11]. The forward PFC converter is 

similar to the buck PFC converter in that it has dead 

zones in regions where the input voltage is lower 

than the output voltage.  

It is presented in the fully analog controlled buck 

PFC converter [12], where the switching frequency 

is reduced with the VOT control method. In 

addition, the study in which the improved VOT 

control technique is applied to a fully analog 

controlled CRM flyback PFC converter is given in 

[13]. The implementation of VOT control technique 

to buck-flyback PFC topology is explained in [14]. 

The application of the VOT control technique to a 

fully digitally controlled flyback topology is first 

presented in [15]. Fully analog VOT controlled 

buck/buck-boost PFC converter implementation is 

given in [16]. Segmented COT control method is 

applied to the buck/buck-boost PFC converter in 

[17]. Besides, fully analog constant switching 

frequency control method for the conventional 

buck/buck-boost PFC converter is applied in [18]. 

In [19], fixed on-time ratio control (FOTRC) and 

fixed duty-cycle ratio control (FDCRC) method 

have been implemented to the buck/buck-boost PFC 

converter. Finally, the buck PFC topology 

controlled by only single switch is given in [20]. In 

the literature, other than the COT and VOT control 

techniques, some papers based on soft switching 

techniques have also been presented to eliminate 

dead zones of the buck PFC converter [21], [22]. 

Analog control approach is proposed in almost all 

of the above-mentioned studies. Major gap in the 

literature regarding this topic is the lack of 

presentation of simulations in the papers. This paper 

presents a comparison for fully digital COT and 

VOT control methods and its implementation for 

buck/buck-boost PFC topology given in [16]. The 

complete reporting of simulation results of fully 

digital controlled converter in this study stands out 

as the most important aspect that separates it from 

other studies in the literature. The simulation is 

carried out in MATLAB/Simulink. 
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The rest of this paper is as follows: In section 2, 

operating principle of the buck/buck-boost 

converter is presented. Analysis and 

implementation of the COT and VOT control 

methods is presented in section 3. Results of the 

study are given in section 4. Finally, the conclusion 

section is presented. 

2. OPERATING PRINCIPLE OF THE 

CRM BUCK/BUCK-BOOST CONVERTER 
(DÜŞÜRÜCÜ/DÜŞÜRÜCÜ-YÜKSELTİCİ 

DÖNÜŞTÜRÜCÜNÜN ÇALIŞMA PRENSİBİ) 

Figure 2 shows the main circuit of the buck/buck-

boost converter topology. The topology consists of 

EMI filter, universal bridge rectifier, inductor (𝐿), 

output capacitor (𝐶𝑜), freewheeling diode (𝐷1), 

output load (𝑅𝐿), buck (𝑆𝑏) and buck-boost switches 

(𝑆𝑏−𝑏).  

 

Figure 2. Main circuit of the buck/buck-boost 

converter topology ([16]) (Düşürücü/düşürücü-yükseltici 

topolojisinin ana devresi) 

When input voltage is greater than output voltage, 

converter operates in buck mode; otherwise, it 

operates in buck-boost mode. Circuit is controlled 

in CRM and the steady state analysis can be 

implemented in two cases: 𝑉𝑖𝑛 > 𝑉𝑜 and  𝑉𝑖𝑛 < 𝑉𝑜. 

         

(a)  

 

(b) 

Figure 3. Operation modes of the topology in buck 

mode (a) Sb is turned-on (b) Sb is turned-off 
(Düşürücü modunda topolojinin çalışma modları (a) Sb açık 

(b) Sb kapalı) 

When 𝑉𝑖𝑛 > 𝑉𝑜, the topology operates in buck 

mode. 𝑆𝑏 switch is active and 𝑆𝑏−𝑏 switch is in zero 

state, during this mode. Therefore, this mode has 

two states depending on the position of the 𝑆𝑏 

switch. These modes are given in Figure 3 (a) and 

(b), respectively. Besides, current shapes of the 

topology operated in CRM buck mode is shown in 

Figure 4. 

 

Figure 4. Current shapes of the topology operated 

in CRM buck mode (CRM düşürücü modda çalışan 

topolojinin akım biçimleri) 

The detailed equations of the circuit operating in 

buck mode can be examined in [16]. During the 

buck mode, average input current of the converter is 

calculated as: 

𝑖𝑖𝑛𝑏_𝑎𝑣𝑔 =
1

2
𝑖𝐿𝑝𝑘1𝐷𝑏                   (1) 

𝑖𝑖𝑛𝑏_𝑎𝑣𝑔 =
𝑉𝑜(𝑉𝑚𝑎𝑥|𝑠𝑖𝑛𝜔𝑡|−𝑉𝑜)𝑡𝑜𝑛

2𝐿𝑉𝑚𝑎𝑥|𝑠𝑖𝑛𝜔𝑡|
             (2) 
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where 𝑖𝐿𝑝𝑘1
 is inductor current peak value, 𝐷𝑏 is 

duty cycle (𝐷𝑏 = 𝑡𝑜𝑛/𝑡𝑠), 𝑉𝑚𝑎𝑥|𝑠𝑖𝑛𝜔𝑡| is 

sinusoidal input voltage, 𝑉𝑜 is output voltage, 𝐿 is 

inductor value and 𝑖𝑖𝑛𝑏_𝑎𝑣𝑔 is average input current 

value of the converter in buck mode. 

When 𝑉𝑖𝑛 < 𝑉𝑜, the topology operates in buck-boost 

mode. 𝑆𝑏−𝑏 switch is active and 𝑆𝑏 switch is in zero 

state during this mode. Therefore, this mode has two 

states depending on the position of the 𝑆𝑏−𝑏 switch. 

These modes are shown in Figure 5 (a) and (b), 

respectively. Besides, the current shapes of the 

buck/buck-boost converter topology operated in 

buck-boost mode is given in Figure 6. 

         

(a)    

(b) 

Figure 5. Operation modes of the topology in 

buck-boost mode (a) Sb−b is turned-on (b) Sb−b is 

turned-off (Düşürücü-yükseltici modunda topolojinin 

çalışma modları (a) Sb−b açık (b) Sb−b kapalı) 

The detailed equations of the circuit operating in 

buck-boost mode are given in [16]. During the 

buck-boost mode, average input current of the 

converter is calculated as: 

𝑖𝑖𝑛𝑏𝑎𝑣𝑔 =
1

2
𝑖𝐿𝑝𝑘2𝐷𝑏−𝑏                     (3) 

𝑖𝑖𝑛𝑏−𝑏𝑎𝑣𝑔 =
𝑉𝑜𝑉𝑚𝑎𝑥|𝑠𝑖𝑛𝜔𝑡|

2𝐿(𝑉𝑚𝑎𝑥|𝑠𝑖𝑛𝜔𝑡|+𝑉𝑜)
𝑡𝑜𝑛           (4) 

where 𝑖𝐿𝑝𝑘2
 is inductor current peak value, 𝐷𝑏−𝑏 is 

duty cycle (𝐷𝑏−𝑏 = 𝑡𝑜𝑛/𝑡𝑠) and 𝑖𝑖𝑛𝑏−𝑏𝑎𝑣𝑔  is average 

input current value of the converter in buck-boost 

mode. 

 

Figure 6. Current shapes of the topology operated 

in CRM buck-boost mode (CRM düşürücü-yükseltici 

modda çalışan topolojinin akım biçimleri) 

3. IMPLEMENTATION OF DIGITAL COT 

CONTROL METHOD (COT KONTROL 

METODUNUN UYGULANMASI) 

According to the analysis above, the average input 

current for the COT control is defined as follows: 

𝑖𝑖𝑛𝐶𝑂𝑇 =

{
  
 

  
 

𝑡𝑜𝑛𝑉𝑜

2𝐿
(
𝑉𝑚𝑎𝑥|𝑠𝑖𝑛𝜔𝑡|−𝑉𝑜

𝑉𝑚𝑎𝑥|𝑠𝑖𝑛𝜔𝑡|
)     

(𝜃 ≤ 𝜔𝑡 ≤ 𝜋 − 𝜃)
𝑡𝑜𝑛𝑉𝑜

2𝐿
(

𝑉𝑚𝑎𝑥|𝑠𝑖𝑛𝜔𝑡|

𝑉𝑚𝑎𝑥|𝑠𝑖𝑛𝜔𝑡|+𝑉𝑜
)   

(0 ≤ 𝜔𝑡 ≤ 𝜃  &  𝜋 − 𝜃 < 𝜔𝑡 < 𝜋)
 

    (5) 

     

Figure 7. Average input current waveform of the 

COT controlled buck/buck-boost topology (COT 

kontrollü düşürücü/düşürücü-yükseltici topolojinin ortalama 

giriş akımı dalga formu) 
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Figure 8. Control scheme for the digital COT controlled CRM buck/buck-boost topology (Dijital COT 

kontrollü CRM düşürücü/düşürücü-yükseltici topoloji için kontrol şeması)

While 𝑡𝑜𝑛, 𝑉𝑜, and 𝐿 terms are constant in steady-

state, terms in parentheses are not sinusoidal 

according to the equation (5). Hence, in the COT 

method, it is not possible for the average input 

current to be sinusoidal. Figure 7 shows average 

input current resulting from COT control for 

220sin (𝜔𝑡) input voltage, 80𝑉𝐷𝐶 output voltage, 

100W output power and 𝐿 = 118𝜇𝐻 conditions. 

 

Figure 9. The flowchart of the sawtooth generator 

algorithm (Testere dişi jeneratör algoritması akış diyagramı) 

The aim of this paper is not to give all mathematical 

equations, but to simplify the study and perform it 

in a digital environment. For detailed analysis of all 

equations, [16] can be examined. Digital control 

scheme for COT controlled buck/buck-boost 

topology is given in Figure 8. Zero current detection 

method is used for the detection zero points of 

inductor current. Gate signals of the switches are 

generated by SR flip-flop and a digital sawtooth 

generator block. This control scheme ensures 

variable switching frequency and forces to obtain 

sinusoidal input current. 

In Figure 8, the digital component responsible for 

enabling the COT operation of the circuit is the 

sawtooth generator block. The flowchart of this 

block is provided in Figure 9. According to the 

flowchart, when the switch is on-state, the timer 

continuously counts; while when it is off-state the 

timer is reset. The data obtained at the output of this 

sawtooth generator block is compared with the data 

from the PI block as shown in Figure 8, leading to 

the resetting of the SR-type flip-flop. 

4. IMPLEMENTATION OF DIGITAL VOT 

CONTROL METHOD (VOT KONTROL 

METODUNUN UYGULANMASI) 

To provide  unity PF in buck operation mode, 𝑡𝑜𝑛 in 

equation (5) should be expressed as follows.      

𝑡𝑜𝑛 =
(𝑉𝑚𝑎𝑥|𝑠𝑖𝑛𝜔𝑡|)

2

𝑉𝑜(𝑉𝑚𝑎𝑥|𝑠𝑖𝑛𝜔𝑡|−𝑉𝑜)

 (𝜃 ≤ 𝜔𝑡 ≤ 𝜋 − 𝜃)
                      (6) 

Therefore, average input current in buck mode is 

calculated as follows: 

𝑖𝑖𝑛𝑏𝑎𝑣𝑔 =
𝑉𝑚𝑎𝑥|𝑠𝑖𝑛𝜔𝑡|

2𝐿
    

(𝜃 ≤ 𝜔𝑡 ≤ 𝜋 − 𝜃)
                    (7) 
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Also, to provide  unity PF in buck-boost operation 

mode as given in (5), 𝑡𝑜𝑛 should be expressed as 

follows.         

𝑡𝑜𝑛 =
𝑉𝑚𝑎𝑥|𝑠𝑖𝑛𝜔𝑡|+𝑉𝑜

𝑉𝑜

(0 ≤ 𝜔𝑡 ≤ 𝜃  &  𝜋 − 𝜃 < 𝜔𝑡 < 𝜋)
         (8) 

Hence, average input current in buck-boost mode is 

calculated given below:                     

𝑖𝑖𝑛𝑏_𝑏𝑎𝑣𝑔 =
𝑉𝑚𝑎𝑥|𝑠𝑖𝑛𝜔𝑡|

2𝐿

(0 ≤ 𝜔𝑡 ≤ 𝜃  &  𝜋 − 𝜃 < 𝜔𝑡 < 𝜋)
          (9) 

As a result, in buck-boost mode, average input 

current of the topology is given below: 

𝑖𝑖𝑛𝑉𝑂𝑇 =

{
 
 

 
             

𝑉𝑚𝑎𝑥|𝑠𝑖𝑛𝜔𝑡|

2𝐿
                                

(𝜃 ≤ 𝜔𝑡 ≤ 𝜋 − 𝜃)
𝑉𝑚𝑎𝑥|𝑠𝑖𝑛𝜔𝑡|

2𝐿
   

(0 ≤ 𝜔𝑡 ≤ 𝜃  &  𝜋 − 𝜃 < 𝜔𝑡 < 𝜋)
 

 (10) 

According to the equation (10), input current of the 

converter is pure sinusoidal for all conditions (buck 

and buck/buck-boost modes) and ensure high PF 

and low THD. Figure 10 shows average input 

current resulting from VOT control for 220sin (𝜔𝑡) 

input voltage, 80𝑉𝐷𝐶 output voltage, 100W output 

power and 𝐿 = 118𝜇𝐻 conditions. 

     

Figure 10. Average input current waveform of 

VOT controlled buck/buck-boost topology (VOT 

kontrollü düşürücü/düşürücü-yükseltici topolojinin ortalama 

giriş akımı dalga formu) 

When the 𝑆𝑏 switch is turned-on, the current across 

the current sense resistance can be expressed as 

follows: 

𝑣𝑅𝑠1 =
𝑉𝑚𝑎𝑥|𝑠𝑖𝑛𝜔𝑡|−𝑉𝑜

𝐿
 𝑡𝑜𝑛                (11) 

When equation (6) is applied to equation (11): 

𝑣𝑅𝑠1 =
(𝑉𝑚𝑎𝑥|𝑠𝑖𝑛𝜔𝑡|)

2

𝑉𝑜𝐿
                    (12) 

In addition, when the 𝑆𝑏−𝑏 switch is turned-on, the 

current across the current sense resistance can be 

expressed as follows: 

𝑣𝑅𝑠2 =
𝑉𝑚𝑎𝑥|𝑠𝑖𝑛𝜔𝑡|

𝐿
 𝑡𝑜𝑛                  (13) 

When equation (8) is applied to equation (13): 

𝑣𝑅𝑠2 =
(𝑉𝑚𝑎𝑥|𝑠𝑖𝑛𝜔𝑡|)(𝑉𝑚𝑎𝑥|𝑠𝑖𝑛𝜔𝑡|+𝑉𝑜)

𝑉𝑜𝐿
         (14) 

The operating principle of the VOT control method 

is based on generating a reference inductor current 

and comparing the actual inductor current with this 

reference. The mathematical equation of the 

reference inductor current for buck mode is 

calculated as follows: 

𝑖𝐿𝑟𝑒𝑓_𝑏𝑢𝑐𝑘 = (𝐾𝑝1(𝑉𝑟𝑒𝑓 − 𝑉𝑜) + 𝐾𝑖1 ∫(𝑉𝑟𝑒𝑓 −

𝑉𝑜)𝑑𝑡) (
(𝑉𝑚𝑎𝑥|𝑠𝑖𝑛𝜔𝑡|)

2

𝑉𝑜𝐿
)                      (15) 

where 𝑉𝑟𝑒𝑓 is reference output voltage, 𝑉𝑜 is actual 

output voltage, 𝐾𝑝1 and 𝐾𝑖1 are proportional and 

integral terms of the PI controller. Besides, for the 

proportional and integral terms of PI controller 

𝐾𝑝1 = 0.1 and 𝐾𝑖1 = 7 coefficients are used. 

Also, the mathematical equation of the reference 

inductor current for buck mode is calculated as 

follows: 

𝑖𝐿𝑟𝑒𝑓_𝑏𝑢𝑐𝑘 = (𝐾𝑝(𝑉𝑟𝑒𝑓 − 𝑉𝑜) + 𝐾𝑖 ∫(𝑉𝑟𝑒𝑓 −

𝑉𝑜)𝑑𝑡) (
(𝑉𝑚𝑎𝑥|𝑠𝑖𝑛𝜔𝑡|)(𝑉𝑚𝑎𝑥|𝑠𝑖𝑛𝜔𝑡|+𝑉𝑜)

𝑉𝑜𝐿
)           (16) 

𝐾𝑝2 = 0.1 and 𝐾𝑖2 = 3 coefficients are used for the 

PI controller's proportional and integral terms, 

respectively. 

Digital control scheme for VOT controlled 

buck/buck-boost converter is shown in Figure 11. In 

this figure 𝑉𝑖𝑛 represents 𝑉𝑚𝑎𝑥|𝑠𝑖𝑛𝜔𝑡|. Zero current 

detection method is used for the detection zero 

points of inductor current. Gate signals of the 

switches are generated by the SR flip-flop. This 

control scheme ensures variable switching 

frequency to provide pure sinusoidal input current. 

Although the VOT control method is more complex 

than the COT method, it gives better results in terms 

of sinusoidal input current, PF and THD. 
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Figure 11. Control scheme for the digital VOT controlled CRM buck/buck-boost topology (Dijital VOT 

kontrollü CRM düşürücü/düşürücü-yükseltici topoloji için kontrol şeması)

5. SIMULATION RESULTS (SİMÜLASYON 

SONUÇLARI) 

The simulation studies are carried out by the 

MATLAB/Simulink software platform to evaluate 

the performance of COT and VOT control methods 

under various parameter variation conditions. PF 

and THD values are obtained as the key metrics for 

comparison. Besides, the key variables used to carry 

out the simulation are listed in Table 1. 

Table 1. The key variables used to carry out the 

simulation (Simülasyonu gerçekleştirmek için kullanılan 

temel değişkenler) 

Parameters Symbols Values 

Input voltage 𝑉𝑖𝑛 90-270 [VAC] 

Output load 𝑅𝐿 64 [Ω] 

Inductance 𝐿 118 [μH] 

Capacitor 𝐶𝑜 1000 [μF] 

Output power 𝑃𝑜 100 [W] 

Line frequency 𝑓 50 [Hz] 

 

A digital low pass filter is used for a non-filtered 

input current. Transfer function block in 

MATLAB/Simulink is used for the filter of input 

current and transfer function of this digital low pass 

filter is given below: 

𝐹𝑖𝑙𝑡𝑒𝑟𝑇𝐹 =
1

0.0003𝑠+1
                    (17) 

Figure 12 (a) shows the control scheme of the digital 

COT controlled buck/buck-boost converter in 

MATLAB/Simulink. Besides,  Figure 12 (b) shows 

the digital COT controller design. It can be seen 

from the figure that a separate sawtooth wave 

generator is used for both switching elements. 

 

(a) 

 

(b) 

Figure 12. (a) Control scheme of the digital COT 

controlled converter (b) controller design ( (a) Dijital 
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COT kontrollü dönüştürücünün kontrol şeması (b) kontrolör 

dizaynı) 

Figure 13 (a) and (b) show the input current, 

inductor current, filtered input current and output 

voltage waveforms of the digital COT controlled 

buck/buck-boost converter for 220VAC and 110 VAC 

input voltage conditions, respectively. As can be 

seen from the figure, input current quality suffers as 

the input voltage decreases in the COT control 

method. 

 

(a)  

(b) 

Figure 13. Input current waveform of the digital 

COT controlled buck/buck-boost converter (a) for 

220VAC input voltage condition (b) for 110VAC 

input voltage condition (Dijital COT kontrollü 

düşürücü/düşürücü-yükseltici dönüştürücünün giriş akım 

formu (a) 220VAC giriş gerilimi koşulu için (b) 110VAC giriş 

gerilimi koşulu için) 

For the COT control method, the simulation reveals 

a PF of 0.98 and a THD value of 14.69% for the 

220VAC input voltage condition as shown in Figure 

14 (a). Similarly, for the 110 VAC input voltage 

condition, the power factor is measured as 0.94 with 

a THD value of 33.26% as shown in Figure 14 (b). 

These results under steady-state conditions indicate 

the performance of the COT control method. 

       

(a)     

 

(b) 

Figure 14. Input current THD values of digital 

COT controlled buck/buck-boost converter (a) for 

220VAC input voltage condition (b) for 110VAC 

input voltage condition (Dijital COT kontrollü 

düşürücü/düşürücü-yükseltici dönüştürücünün giriş akım THD 

değerleri (a) 220VAC giriş gerilimi koşulu için (b) 110VAC giriş 

gerilimi koşulu için) 

The international current harmonic standard IEC 

61000-3-2 applies to equipment using a voltage not 

less than 220VAC and up to (including) 16 A per 

phase to limit the emission of harmonic current. 

Also, IEEE 519 STD standard defines the voltage 

and current harmonic criteria of the electrical 

devices. According to this standard, for voltages 

between 120V-69 kV and currents less than 20 A, 

the THD of the average current is required to be less 

than 5%. Therefore, these THD results do not meet 

either standard. 

Moreover, Figure 15 (a) shows the control scheme 

of the digital VOT controlled buck/buck-boost 

converter in Matlab/Simulink. Also,  Figure 15 (b) 

shows the digital VOT controller design. It can be 

seen from the figure that this VOT control scheme 

is more complex than conventional COT control 

technique. It should be noted that in both methods, 

a separate PI controller is designed for the switching 

elements. Also, unlike the other method, two small 
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resistors (0.125Ω) are placed at the source pin of the 

switches to measure the current passing through the 

switches. 

 

(a) 

 

(b) 

Figure 15. (a) Control scheme of the digital VOT 

controlled converter (b) controller design  ( (a) 

Dijital VOT kontrollü dönüştürücünün kontrol şeması (b) 

kontrolör dizaynı) 

Figure 16 (a) and (b) show the input current, 

inductor current, filtered input current and output 

voltage waveforms of the digital VOT controlled 

buck/buck-boost converter for 220VAC and 110VAC 

input voltage scenarios, respectively. As can be seen 

from the figure, the input current, output voltage and 

inductor current qualities are better than COT 

control method. 

 

(a)  

(b) 

Figure 16. Input current waveform of the digital 

VOT controlled buck/buck-boost converter (a) for 

220VAC input voltage condition (b) for 110VAC 

input voltage condition (Dijital VOT kontrollü 

düşürücü/düşürücü-yükseltici dönüştürücünün giriş akım 

formu (a) 220VAC giriş gerilimi koşulu için (b) 110VAC giriş 

gerilimi koşulu için) 

     

(a)   
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(b) 

Figure 17. Input current THD values of the digital 

VOT controlled buck/buck-boost converter (a) for 

220VAC input voltage condition (b) for 110VAC 

input voltage condition (Dijital VOT kontrollü 

düşürücü/düşürücü-yükseltici dönüştürücünün giriş akım THD 

değerleri (a) 220VAC giriş gerilimi koşulu için (b) 110VAC giriş 

gerilimi koşulu için) 

On the other hand, THD simulations using the VOT 

control method demonstrate superior performance 

compared to COT. For the 220VAC input voltage 

condition, the VOT control method achieved a 

higher PF of 0.99 and a lower THD value of 6.52% 

as shown in Figure 17 (a). Similarly, for the 110VAC 

case, the VOT control method exhibited a PF of 

0.99 and a THD value of 8.34% as shown in Figure 

17 (b). These results highlight the effectiveness of 

the VOT control method in improving PF and 

reducing harmonic distortion even if it does not 

meet the IEEE 519 STD standards. Based on these 

simulation results, the VOT control method 

outperforms the COT control method in terms of PF 

and THD under full load conditions for both 220VAC 

and 110VAC. These findings indicate the potential 

advantages of using VOT control in AC-DC PFC 

converters, providing better efficiency and 

improved performance in terms of power quality. 

 

(a)  

 

(b) 

Figure 18. Input current THD comparison of the 

topology (a) COT control method (b) VOT control 

method (Topolojinin giriş gerilim THD karşılaştırması (a) 

COT kontrol metodu (b) VOT kontrol metodu) 

Figure 18 (a) depicts input current THD comparison 

of the topology with [16] for COT control 

technique. As can be seen from the figure, data 

obtained from the simulation studies are compatible 

with [16]. Also, Figure 18 (b) depicts input current 

THD comparison of the topology with [16] for VOT 

control technique. Although it is observed in [16] 

that THD decreased as the voltage increased, it is 

observed in this study that THD decreased to a 

certain level and then increased for  VOT control 

method. 

 

(a)    

 

(b) 

Figure 19. PF comparison of the topology (a) COT 

control method (b) VOT control method (Topolojinin 

PF karşılaştırması (a) COT kontrol metodu (b) VOT kontrol 

metodu)
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Table 2. Calculated and measured parameters of the COT and VOT control methods (COT ve VOT kontrol 

metodlarının hesaplanan ve ölçülen parametreleri) 

P
a

ra
m

et
e

rs
 

COT VOT 

𝟏𝟏𝟎𝑽𝑨𝑪 𝟐𝟐𝟎𝑽𝑨𝑪 𝟏𝟏𝟎𝑽𝑨𝑪 𝟐𝟐𝟎𝑽𝑨𝑪 

Calculated Measured Calculated Measured Calculated Measured Calculated Measured 

PF 0.95 % 0.95 % 0.98 % 0.98 % 1.00 % 0.98 % 1.00 % 0.99 % 

THD 32.45 % 33.26 % 14.21 % 14.69 % 7.95 % 8.34 % 6.17 % 6.52 % 

𝑉𝑜𝑟𝑖𝑝𝑝𝑙𝑒 3.45V 3.50V 3.74V 3.85V 4.10V 4.15V 4.10V 4.17V 

𝐼𝐿𝑝𝑒𝑎𝑘  5.8A 5.9A 4.6A 4.8A 5.0A 5.3A 5.0A 5.4A 

 

Figure 19 (a) gives the PF comparison of the 

topology with [16] for COT control method. Also, 

Figure 19 (b) gives the PF comparison of the 

topology with [16] for VOT control method. 

According to the figure, data obtained from both 

simulation studies are compatible with [16]. Finally, 

calculated and measured parameters of the 

implemented methods are listed in Table 3. 
According to the table, calculated and measured 

parameters are compatible with each other. 

6. CONCLUSION (SONUÇ) 

In this study, a comparative analysis of two control 

techniques, COT and VOT, for fully digitally 

controlled CRM buck/buck-boost converter is 

implemented. The objective is to evaluate and 

compare the performance of these control strategies 

in terms of THD and PF. 

The results obtained from the simulations 

performed in the Matlab/Simulink software 

platform revealed that the VOT control technique 

outperforms the COT control technique in terms of 

THD and PF under steady-state conditions. The 

VOT control method demonstrated higher PF 

values and lower THD compared to the COT control 

approach for both 220VAC and 110VAC input voltage 

under full load conditions. 

The results of this paper ensure valuable insights 

into strengths and limitations of each control 

technique. The VOT control strategy offers the 

advantage of dynamic adaptation of the on-time 

period based on input and output voltage conditions, 

resulting in improved load regulation and stability. 

These benefits make it a suitable choice for AC-DC 

PFC converters in applications that require high PF 

and low THD. 
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