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Abstract— This paper presents an overview of partial power 
processing (PPP) DC/DC converter architectures in PV 
applications which has maximum power point tracking (MPPT) 
capability. The main objectives of PPP in PV applications target 
to increase the power density and efficiency while reducing 
overall cost. The converters applied to the PPP is called partial 
power converter (PPC) and there are three most actively 
explored topologies in the solar industrial fields: differential 
power converter (DPC), fractional power converter (FRPC), 
and partial power converter (PPC). Some previous studies 
analyze and compare several PPCs in a highly qualitative 
manner. In this work, PPP topologies are classified in a 
comprehensive manner, and their power processing capabilities 
are analyzed with the volt-ampere (VA) area modeling. 
Moreover, quantitative comparison of PPP topologies by means 
of utilization factor (UF) is presented and compared for a utility 
scale solar park scenario. Finally, overview of PPP architectures 
are compared and organized with the table.  

Keywords— Partial power processing, MPPT converter, Novel 
PV architecture 

I. INTRODUCTION 
Partial power processing (PPP) DC/DC architectures for 

large Solar PV parks have been an interesting proposition for 
PV industries since the PPPs offers many possibilities to 
improve the efficiency, power density (PD) and reduce cost of 
the MPPT DC/DC converters [1]–[3].  

The most actively researched PPP architectures in 
literature are: differential power converter (DPC), fractional 
power converter (FRPC), and partial power converter (PPC).  
These converters are categorized based on the power 
processing features of converter. DPC [4]–[18] processes the 
differential power of PV cells. In DPC it is possible to connect 
many numbers of converters in series or parallel manner to the 
input PV string. The main function of DPC is compensating 
the power imbalance between series or parallel connected sub-
converters. 

Another PPP architecture is FRPC [19]–[22]. In FRPC, an 
auxiliary power source is adapted to decrease the voltage 
stresses to the converter and make it possible to processes the 
partial power (PP). Owing to the low voltage stresses on the 
converter components,  therefore, converter has the 
possibilities to have high power density structure. 

The third PPP scheme is PPC [23]–[30]. PPC achieves 
partial power flow by the current or voltage feedback path in 
the converter. The PPC MPPT converter designed to process 
partial power of PV which is targeted to track MPP of PV 
string. With the processing of partial current and voltage of 
PPC, it is possible to reduce the processed power between 

switching devices which yields the increase  of power density 
of power converter. PPC is again categorized into input series 
output parallel (ISOP) and input parallel output series (IPOS) 
PPC. Furthermore, IPOS is also divide into two groups based 
on the number of input/output ports: 2P-IPOS and 3P-IPOS. 
Fig. 1,  shows the categorization of PPP architectures. 

There are many previous studies where the PPC topologies 
are analyzed and characterized with qualitative manner. The 
application of different PPCs and mentioning of the converter 
topologies are also discussed in previous studies. However, it 
is difficult to find the comparison of the PPC topologies in 
quantitative terms.  

This paper presents the overview of the different PPP 
architectures in PV application with quantitative comparison. 
The differences of each architectures are highlighted not only 
with the description of architectural differences and power 
processing flow of each PPP architectures but also by means 
of comparing utilization factor (UF) which is the quantitative 
indicator of assessment for the expensive active 
semiconductors and passives. Finally, overview of all PPP 
architectures is organized and compared in a table that 
highlights the main features of each concept. 

II. CONCEPT OF PARTIAL POWER PROCESSING 
ARCHITECTURES 

Partial power processing is the concept that the converter 
processes only a part of the total input power in order to 
generate necessary output. In this concept, most of the input 
power is directly bypassing through the converter elements as 
shown in Fig. 2. (a). The converter is only processing partial 
power (PP) of the input power and convert it to the demanded 
output. In Fig. 2. (b), power delivery process with VA area 
model of PPC are described. VA area model is one of the 

 
Fig. 1. Categorization of partial power processing 

architectures. 



technique that visualizes the amount of processed power and 
bypassing power [1]. The VA area model shows that the 
converter only processes partial power and the rest of the 
power which is call direct power (Pdirect) is bypassing trough 
the converter elements without power processing. As shown 
in the VA area model, input and output of the converter is 
processing either “full current and partial voltage” or “partial 
current and full voltage”. 

It is possible to see in the VA area model that the partial 
power in PV application is achieved by processing the targeted 
voltage or current of input and output which is optimally 
selected for MPPT. The decrement of input and output 
current/voltage makes the less current/voltage stresses to the 
PPC switches and eventually yields lower losses on the 
semiconductor devices.  

In Fig. 3, the architectural concept and power flowing 
process of differential power converter (DPC) with the VA 
area model are plotted. DPC is one of the PPP concept for 
maximum power point tracking (MPPT) converters that 
processes differential power (Pdiff,n) of PV cells. PV string is 
comprising with many numbers of PV cells connected in 
parallel and series. The power on each PV cells are possible to 
have different powers since the solar irradiation on the each 
PV cells can be different owing to the position of sun, clouds, 
and the gradient of PV string. The power difference between 
PV cells inducing Pdiff,n. DPC processes the power by 
compensating current unbalances between each PV cells that 
induced by the Pdiff,n. The voltage stress between Pdiff,n is as 
much as cell voltage and current flowing through DPC is the 
current imbalance between cells which is small value compare 
to the full current of the PV string. Therefore, the power 
processing with the full voltage-partial current, DPC is 
possible to achieve PPP. Even though DPPs are possible to 
achieve PPP architecture, high number of converters should 
be connected in series between each PV cells to flow partial 
current also to achieve MPPT. This makes the high number of 
counting of switching devices that yields the higher cost. The 

high cost of the architecture and the incapability of per string 
MPPT are the biggest limit of the DPC. 

The second PPP concept is fractional power converter 
(FRPC) which is shown in Fig. 4. The key point of the FRPC 
is that the converter adapts auxiliary DC voltage source to 
achieve PP. As shown in the VA area model, the converter has 
less voltage stresses compare to the PV voltage since input 
FRPC is sharing low voltage of auxiliary DC source (Vaux). 
Hence, the converter is processing full current of the PV string 
but the processed voltage is lower voltage compare to the PV 
string which is full current-partial voltage PPP characteristics. 
Moreover, the converter is conducting MPPT per string with 
the auxiliary DC source unlike the DPC that was not possible 
to conduct individual MPPT per PV string. Nonetheless of the 
PPP and per string MPPT capabilities, FRPC needs one 
auxiliary DC source per one converter. This means that the 
redundant DC source of FRPC is still the factor that limits the 
cost of the architecture.  

Partial power converter (PPC) is the other PPP concept for 
the MPPT converter. In order to build the PPC, to have the 
current feedback path between PV and bus is the most 
important factor. This feedback connection makes energy 
conservation of system possible and also makes partial 
voltage. 

𝑉 = 𝑉 − 𝑉 ,  (1) 

where Vp is partial voltage and Vbus is bus voltage, and Vpv is 
PV voltage.  

 
(a) 

 
(b) 

Fig. 2. Concept of partial power converter (a) power 
flow diagram (b) VA area model. 

 

       
(a) 

 

 
(b) 

Fig. 3. Concept of DPC (a) architecture (b) VA area 
model. 

 



Moreover, PPC demands an isolation to prevent short 
circuit between PV and bus which generated from the current 
feedback path [1]–[3]. 

Based on the voltage rate on PV and bus, PPC can be 
categorized in two cases: input parallel output series (IPOS) 
and input series output parallel (ISOP) architectures.  

Fig. 5 (a) shows the block diagram of IPOS PPC for MPPT 
converter. The voltage of PV applied to the input of IPOS and 
the current of PV divided by the parallel node on input of 
IPOS. The positive output port of IPOS is connecting to the 
bus and the negative output port of IPOS is connecting to the 
positive input port and generating feedback path. Partial 
current (Ip,n) is compensating the PV current and makes the 
partial current processing possible on the PV side, and the 
partial voltage (Vp) is compensating bus voltage and allows 
the partial voltage processing possible on the bus side. IPOS 
is only processing partial power owing to the partial current 
and voltage processing of the PV and bus sides, and the rest 
of the power is bypassing through the common ground of the 
converter. 

Another PPC category is shown in Fig. 5. (b), (c), which 
is called ISOP. There are two different types of input series 
output parallel PPCs: 2P-ISOP and 3P-ISOP.  

2P-ISOP which is plotted in Fig. 5. (b), has opposite 
structure compare to the IPOS which the input is connected in 
series to the PV and the parallel connection exists on bus side. 
Ip,n is compensating the bus current and  makes the partial 
current processing on the bus side and Vp is compensating the 
PV voltage and makes the partial voltage processing on the 
PV side possible. Like the IPOS, the partial power is 
processed from the 2P-ISOP and the rest of the power is 
flowing through the common ground of the converter. 

3P-ISOP is comprising with one isolated converter and 
auxiliary converter that conducts MPPT. The isolated 
converter makes the current feedback loop for the PPPs and 
managing the partial voltage of the converter. The MPPT 
converter stage of 3P-PPC is controlling the PV current and 
tracking the MPP. MPPT converter port is conducting partial 
voltage processing and isolated converter stage is conducting 
partial current processing. 

VA area model also shows the characteristics of each PPC 
topologies and shows the clear power rate of each part of the 
converter elements. The partial power generation and delivery 
processes of PPCs are possible to be known in VA area model 
in Fig. 6.  

Fig. 6. (a), shows the VA area model of IPOS. In order to 
make the IPOS structure, bus voltage should be higher than 
the PV voltage which also implies that IPOS is appropriate 
topology for step-up applications. PV side and bus side partial 
power can be calculated as following: 

𝑃 , = 𝑉 𝐼  ,   (2) 

𝑃 , = 𝑉 𝐼 ,   (3) 

where Vpv is PV voltage, Ip is partial current, Vbus is bus side 
voltage, Vp is partial voltage. 

As discussed before, partial current is processed from the 
PV side and partial voltage is processed from the output side. 
The partial powers of Pp,pv and Pp,bus are processed by IPOS 
and the common bypassing power which is 

 𝑃 = 𝑉 𝐼 ,  (4) 

is flowing through the ground of converter.  

VA area model of 2P-ISOP is plotted in Fig. 6. (b). VA 
area model of the converter has opposite characteristics 
compare to the IPOS PPC as the description with the block 
diagram. The higher PV voltage appears to build 2P-ISOP and 

 
(a) 

 

 
(b) 

Fig. 4. Concept of FRPC (a) architecture (b) VA area 
model. 

 

               
    

        (a)                                         (b)                      (c) 
Fig. 5. Concept of PPC architectures (a) IPOS (b) 2P-ISOP (c) 3P-ISOP. 

 



this implies that the converter is appropriate solution for the 
step-down applications. The partial power on the PV and bus 
side can be calculated as following: 

𝑃 , = 𝑉 𝐼 ,   (5) 

𝑃 , = 𝑉 𝐼 ,   (6) 

The VA area clearly shows that the partial voltage is 
processed on the input side and the partial current is processed 
from the bus side of 2P-ISOP. The rest of the bypassing power 
which is  

𝑃 = 𝑉 𝐼 ,  (7) 

is flowing through the ground of converter.  

In Fig. 6. (c), VA area model of 3P-PPC is described. VA 
area model of 3P-PPC has different structure compare to the 
IPOS and 2P-ISOP. Unlike previous two PPCs, partial voltage 
of 3P-ISOP is manipulated by the isolated converter and the 
partial power through the primary and secondary sides of 
isolated converter are calculated the same as (5) and (6). 

It is possible to see from the diagram and the partial power 
equations that the MPPT current is flowing through the PV 
side converter stage with partial voltage processing and the 
isolated converter is circulating power with the partial current. 
3P-ISOP is possible to apply to both step-up and step-down 
solutions since the isolated converter is flowing partial power 
in a bidirectional way. The bidirectional power flow is 
possible to compensating partial power from both PV and bus. 

III. OVERVIEW OF PARTIAL POWER PROCESSING 
ARCHITECTURES 

In this section overall comparison of PPP architectures are 
compared. In order to analyze and compare each of PPC 
topologies quantitatively, a common condition is required 
which written in table I. The condition is assuming utility 
condition of PV application. 

In order to compare the PPP architectures, there needs a 
quantitative standard to see the characteristics of each PPP 
topologies more clearly. Utilization factor (UF) is one of the 
factor that can compare the PPP architecture in quantitative 
manner [1],[31]. UF shows how much total power of system 
is utilized by the devices. Lower UF implies that the higher 
power customer can utilize from the PVs and higher power 
density converter can achieve.  The equation of UF can be 
written as following: 

𝑈𝐹 = 𝑃𝑃𝑉/ ∑ 𝑉 𝐼 ,= ,  (8) 

where VQi, IQi are the voltage and current on the 
semiconductor devices. 

The processed power ratio (Kpr) is another quantitative 
factor which shows the ratio of the PV power and processed 
partial power. Hence, the lower Kpr means PPC can process 
lower power through it. Kpr is expressed as following: 

 𝐾 = 𝑃
𝑃

= 𝑉 𝐼
𝑉 𝐼

,  (9) 

where Pp is processed power, Ppv is PV power, Vp is partial 
voltage, Ip is processed current, Vpv is PV voltage, and IPV is 
PV current. 

Fig. 7 shows the utilization factor of PPCs with increasing 
number of PV strings. DPC has the lowest UF among all the 
cases and this concept only can conduct MPPT per cell. 
Hence, the possibilities of applying DPP to the PV system is 
lower than the other topologies. On the other hand, FRPP has 
the highest UF in all the cases. However, FRPP needs higher 
counting of DC source as increasing of PV string counting 

TABLE I  -  COMPARISON CONDITION 

Paramters Symbol Value 
Maximum power voltage Vpv,MPP 1 kV 
Battery voltage (FRPC) Vaux 200 V 

Panel voltage Vpv,p 12 V 
Bus voltage Vbus 1.2 kV 
PV current Ipv 10 A 

Nominal Power Psys 10 kW 
 

 
Fig. 7. Utilization factors of PPPAs 

                                   
                       (a)                                                (b)                               (c) 

Fig. 6. VA are models of (a) IPOS (b) 2P-ISOP (c) 3P-ISOP. 



which induces the decrease of PD. The higher counting of 
auxiliary source impact on the increasing of costs. In the case 
of single PV string application, IPOS and 2P-ISOP has the 
highest UF among the topologies that does not demand 
auxiliary source. However, if the number of PV strings are 
increasing, 3P-ISOP has more chances to have higher power 
density than IPOS and 2P-ISOP. The overview of all 
topologies are organized in the table II. The overview implies 
that PPCs is the most advantageous topology with comparing 
it to the others. As discussed before, the auxiliary voltage 
source limits in terms of the cost efficiency and PD, even if 
FRPC has the highest UF. DPC has the lowest advantage 
owing to the incapability of per string MPPT and the low cost 
efficiency. 

IV. CONCLUSION 
An overview of possible PPP architectures for DC/DC 

MPPT converters for solar PV application is presented. There 
are three big categories of PPP architectures: DPC, FRPC and 
PPC. Owing to the low UF and incapability of per string 
MPPT, DPC is not a perfect solution for PV applications. On 
the other hand FRPC and PPCs have high UF potential for per 
string MPPT. FRPC has the highest UF compare to the other 
PPCs. On the other hands, the converter requires redundant 
DC sources for each MPPT converters to achieve PPP. IPOS 
and 2P-ISOP has higher UF than 3P-ISOP in single PV string 
application. However, the increasing number of PV strings 
counting, 3P-ISOP has more advantage in terms of UF. 

REFERENCES 
[1] Y. Zhu, Y. Wang, J. Teng, X. Sun, M. Qi, W. Zhao, and X. Li, “Review 

of Architectures Based on Partial Power Processing for DC-DC 
Applications,” IEEE Access, vol. 8, pp.103405–103418, 2020. 

[2] Y. Nimni and D. Shmilovitz, “A Returned Energy Architecture for 
Improved Photovoltaic Systems Efficiency,” Proc. IEEE Intern. Symp. 
Circuits and Systems, 2010, pp.2191–2194. 

[3] C. K. Tse, M. H. L. Chow, and M. K. H. Cheung, “A Family of PFC 
Voltage Regulator Configurations with Reduced Redundant Power 
Processing,” IEEE Trans. Power Electron., vol. 16, no. 6, pp. 794–802, 
Nov. 2001. 

[4] C. Li and J. A. Cobos, “Classification of Differential Power Processing 
Architectures Based on VA Area Modeling,” IEEE J. Emerg. Sel. Top. 
Power. Electron., Jun. 2021.  

[5] C. Schaef and J. T. Stauth, “Multilevel Power Point Tracking for Partial 
Power Processing Photovoltaic Converters,” IEEE J. Emerg. Sel. Top. 
Power. Electron., vol. 2, no. 4, pp. 859–869, Dec. 2014. 

[6] R. C. N. Pilawa-Podgurski and D. J. Perreault, “Submodule Integrated 
Distributed Maximum Power Point Tracking for Solar Photovoltaic 
Applications,” IEEE Trans. Power Electron., vol. 28, no. 6, pp. 2957–
2967, Jun. 2013. 

[7] M. S. Zaman, Y. Wen, R. Fernandes, B. Buter, T. Doorn, M. Dijkstra, 
H.-J. Bergveld, and O. Trescases, “A Cell-Level Power Management 
IC in BCD-SOI for Partial Power Processing in Concentrating-PV 
Systems,” IEEE 26th International Symposium on Power 
Semiconductor Devices & IC’s (ISPSD), pp. 410–413, Jun. 2014. 

[8] Y.-T. Jeon and J.-H. Park, “Unit-Minimum Least Power Point Tracing 
for the Optimization of Photovoltaic,” IEEE Trans. Power Electron., 
vol. 34, no. 1, pp. 311–324, Jan. 2019. 

[9] M. Chen, F. Gao, and T. Yang, “A Central Capcitor Partial Power 
Processing DC/DC Converter,” IEEE Energy Conversion Congress 
and Exposition (ECCE), 2015, pp.1995–2002. 

[10] J. Du, R. Xu, X. Chen, Y. Li, and J. Wu, “A Novel Solar Panel 
Optimizer with Self-Compensation for Partial Shadow Condition,” 28th 
Annual IEEE Applied Power Electronics Conference and Exposition 
(APEC), 2013, pp.92–96. 

[11] P. S. Shenoy and P. T. Krein, “Differential Power Processing for DC 
Systems,” IEEE Trans. Power Electron., vol. 28, no. 4, pp. 1795–1806, 
Apr. 2013. 

[12] P. S. Shenoy, K. A. Kim, B. B. Johnson, and P. T. Krein, “Differential 
Power Processing for Increased Energy Production and Reliability of 
Photovoltaic Systems,” IEEE Trans. Power Electron., vol. 28, no. 6, 
pp. 2968–2979, Jun. 2013. 

[13] A. Elrayyah, M. Badawey, and Y. Sozer, “Feeding Partial Power into 
Line Capacitors for Low Cost and Efficient MPPT of Photovoltaic 
Strings,” 2016 IEEE Applied Power Electronics Conference and 
Exposition (APEC), 2016, pp.392–397. 

[14] Z. Ye, H. Wen, G. Chu, and X. Li, “Minimum-power-tracking for PV-
PV Differential Power Processing Systems,” 6th International 
Conference on Renewable Energy Research and Application, 2017, 
pp.696–700. 

[15] H. J. Bergveld, D. Buthker, C. Castello, T. Doorn, A. d. Jong, R. v. 
Otten, and K. d. Waal, “Module-Level DC/DC Conversion for 
Photovoltaic Systems: The Delta-Conversion Concept,” IEEE Trans. 
Power Electron., vol. 28, no. 4, pp. 2005–2013, Apr. 2013. 

[16] C. Olalla, C. Deline, D. Clement, Y. Levron, M. Rodriguez, and D. 
Maksimovic, “Performance of Power-Limited Differential Power 
Processing Architectures in Mismatched PV Systems,” IEEE Trans. 
Power Electron., vol. 30, no. 2, pp. 618–631, Feb. 2015. 

[17] Y. Zhu, H. Wen, G. Chu, X. Wang, Q. Peng, Y. Hu, and L. Jiang, 
“Power-Rating Balance Control and Reliability Enhancement in 
Mismatched Photovoltaic Differential Power Processing Systems,” 
IEEE Trans. Power Electron., vol. 37, no. 1, pp. 879–895, Apr. 2022. 

[18] C. Li, Y. E. Bouvier, A. Berrio, P. Alou, J. A. Oliver, and J. Cobos, 
“Revisiting “Partial Power Architectures” from the “Differential 
Power” Perspective,” 2019 20th Workshop on Control and Modeling 
for Power Electronics (COMPEL), 2019, pp.1–8. 

[19] Y. Tsuruta and A. Kawamura, “Principle verification prototype 
chopper using SiC MOSFET module developed for partial boot circuit 
system,” IEEE Energy Conversion Congress and Exposition (ECCE), 
2015, pp.1421–1426.  

[20] N. Kim, and B. Parkhideh, “Comparative Analysis of Non-isolated and 
Isolated type Partial-Power Optimizers for PV-Battery Series Inverter 
Architecture,” IEEE Energy Conversion Congress and Exposition 
(ECCE), 2018, pp.6207–6213. 

[21] F. Xue, R. Yu, and A. Huang, “A Family of Ultrahigh Efficiency 
Fractional dc-dc Topologies for High Power Energy Storage Device,” 
IEEE J. Emerg. Sel. Top. Power. Electron., vol.  9, no. 2, pp. 1420–
1427, Apr. 2021. 

[22] F. Xue, R. Yu, and A. Huang, “Fractional Converter for High 
Efficiency High Power Battery Energy Storage System,” IEEE Energy 
Conversion Congress and Exposition (ECCE), 2017, pp.5144–5150. 

[23] J. W. Zapata, S. Kouro, G. Carrasco, H. Renaudineau, and T. Meynard, 
“Analysis of Partial Power DC-DC Converters for Two-Stage 

TABLE II  -  OVERVIW OF PPP ARCHITECTURES 

PPP MPPT per string Auxilary Source Transformers Cost Kpr Overall 
Rate 

DPC X X Based on 
Purpose + 2 + 

FRPC O O X - 5 ++ 

PPC 
IPOS O X O +++ 6 +++ 

2P-ISOP O X O +++ 6 +++ 
3P-ISOP O X O +++ 5 +++ 

 



Photovoltaic Systems,” IEEE J. Emerg. Sel. Top. Power. Electron., 
vol.7, no. 1, pp. 591–603, Mar. 2019. 

[24] C. K. Tse, M. H. L. Chow, and M. K. H. Cheung, “Series-Connected 
Partial-Power Converters Applied to PV Systems: A Design Approach 
Based on Step-Up/Down Voltage Regulation Range,” IEEE Trans. 
Power Electron., vol. 33, no. 9, pp. 7633–7622, Sep. 2018. 

[25] J. W. Zapata, H. Renaudineau, S. Kouro, M. A. Perez, and T. Meynard, 
“Analysis and Comparison of Partial Power Processing Based DC-DC 
Converters in Renewable Energy Application,” 2018 IEEE 
International Power Electronics and Application Conference and 
Exposition (PEAC), 2018, pp. 1–5. 

[26] H. Zhou, J. Zhao, and Y. Han, “PV Balancers: Concept, Architectures 
and Realization,” IEEE Trans. Power Electron., vol. 30, no. 7, pp. 
3479–3487, Jul. 2015. 

[27] Y. Zhu, Y. Wang, J. Teng, X. Sun, M. Qi, W. Zhao, and X. Li, “Partial 
Power Conversion and High Voltage Ride-Through Scheme for a PV-
Battery Based Multiport Multi-Bus Power Router,” IEEE Access, vol. 
9, pp.17020–17029, 2021. 

[28] M. S. Agamy, M. H.-Todorovic, A. Elasser, S. Chi, R. L. Steigerwald, 
J.- A. Sabate, A. J. McCann, L. Zhang, and F. J. Mueller, “An Efficient 
Partial Power Processing DC/DC Converter for Distributed PV 
Architectures,” IEEE Trans. Power Electron., vol. 29, no. 2, pp. 674–
686, Feb. 2014. 

[29] J. R. R. Zientarski, M. L. da S. Martins, J. R. Pinheiro, and H. L. Hey, 
“Evaluation of Power Processing in Series-Connected Partial-Power 
Converters,” IEEE J. Emerg. Sel. Top. Power. Electron., vol.7, no. 1, 
pp. 343–352, Mar. 2019. 

[30] J. Zhao, K. Yeates, and Y. Han, “Analysis of high Efficiency DC/DC 
Converter Processing Partial Input/Output Power,” IEEE 14th 
Workshop on Control and Modeling for Power Electronics 
(COMPEL), 2013, pp. 1–8. 

[31] H. Heydari-Doostabad, S. H. Hosseini, R. Ghazi, and T. O’Donnell, 
“Pseudo DC-Link EV Home Charger with a High Semiconductor 
Device Utilization Factor,” IEEE Tran. Ind. Electron., vol. 69, no. 3, 
pp. 2459–2469, Mar. 2022. 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 


