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1. INTRODUCTION 
The increasing adoption of continuous computing, data 

storage, and networking services has driven the demand for 
high-density Information and Communication Technology 
(ICT) equipment, resulting in a rapid increase in data centre 
power consumption. In a conventional data centre, 
approximately 55% of the total energy consumption is 
associated with facility infrastructure, while the remaining 45% 
is consumed directly by ICT equipment such as servers, storage, 
and networking devices [1]. Among the facility loads, cooling 
systems account for approximately 40% of the total power 
consumption, followed by power feeding systems and lighting. 
This demand is expected to increase further with the 
deployment of high-performance computing and high-density 
server racks. In Malaysia, data centre electricity demand in 
Peninsular Malaysia is projected to increase from 7% of total 
electricity consumption in 2026 to 31% by 2035 [3]. This rapid 
growth highlights the need for more efficient and compact 
power delivery systems for data centre applications 
[10],[11],[12],[13],[14]. 

Conventional data centres commonly employ alternating 
current (AC) power distribution with uninterruptible power 

supply (UPS) systems, which involve multiple power 
conversion stages between the utility supply and ICT loads [2]. 
In contrast, direct current (DC) distribution can reduce the 
number of conversion stages and associated conversion losses. 
The conventional 48 V DC distribution system used in ICT 
applications provides fewer conversion stages; however, 
supplying high-power and high-density ICT equipment at low 
voltage requires a large current. Consequently, larger power 
cables are required, increasing copper usage, cabling volume, 
and heat generation. Higher-voltage direct current (HVDC) 
distribution at approximately 380 V can significantly reduce the 
current required for the same power level. Previous studies have 
reported that the volume of copper required for a 380 V HVDC 
system can be substantially lower than that of a 48 V DC system 
[4]. Therefore, HVDC distribution is a promising approach for 
supporting the increasing power density of modern data centres 
[6]-[9],[16],[18],[19]. 

In addition to efficiency and voltage conversion capability, 
the physical size of power conversion equipment has become 
an important consideration in high-density data centre systems. 
Recent specifications for high-density computing applications 
require power converters to process several kilowatts within a 

The increasing power density of data centres has created a demand for efficient power 
conversion systems for computing and ICT loads. This paper presents a 4-stage Interleaved 
Marx Topology Boost Converter (IMTBC) for high-gain DC-DC conversion, focusing on 
improving current performance through interleaved switching. The converter converts 50 V 
to 800 V at 6 kW and 50 kHz. Its performance is evaluated against a Conventional Boost 
Converter (CBC) and a 4-stage Synchronized Marx Topology Boost Converter (SMTBC) 
using PLECS simulations. Results show that the IMTBC reduces output current ripple from 
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highly compact form factor. For example, a 6-kW converter 
with a footprint of 70 mm × 60 mm and a height of 11 mm 
corresponds to a power density of approximately 2130 W/in³ 
[5]. Therefore, future data centre power converters must 
achieve high voltage conversion ratios and efficiency while 
minimizing passive component size, semiconductor stress, and 
overall converter volume [12],[15],[20]. 

These requirements create a need for compact DC-DC 
converter topologies capable of providing high voltage gain 
from low-voltage sources to the 380–400 V HVDC bus. 
Conventional boost converters provide step-up operation, 
however, achieving a high conversion ratio from a low-voltage 
source to a 380–400 V bus can result in high component stress 
and demanding operating conditions. Integrating the boost 
structure with a multistage Marx topology can increase the 
voltage gain through capacitor-based voltage multiplication 
without relying solely on a very wide duty cycle. However, the 
switching technique significantly influences the converter 
performance. Synchronized switching provides a simple and 
coordinated operation of the Marx stages, but it can result in 
higher input and output current ripple. In contrast, interleaved 
switching introduces phase shifts between the switching stages, 
enabling better current distribution and reduced current ripple. 
Therefore, an improved topology is required to achieve high 
voltage gain operation while maintaining low current ripple, 
reduced component stress, and high-power density. In this 
work, a Marx topology boost converter is proposed for 380–400 
V HVDC data centre power distribution. The proposed 
converter aims to provide high voltage gain while improving 
the suitability of the converter for compact, high-power-density 
data centre applications [21], [22], [23], [24], [26], [27], [29], 
[30], [32]-[40], [42]-[47], [55], [56]. 

 

2. THEORETICAL PRINCIPLE 
This section discusses the high voltage gain principle, 

multilevel and modular structure and output current ripple 
variation as a function of switching frequency. 

2.1 High Voltage Gain Principle 

Fig. 1. shows how output voltage (𝑉out) changes with duty 
cycle (𝐷) for three types of boost converters. The Conventional 
Boost Converter (CBC) has the lowest voltage gain. It rises 
slowly at low to medium duty cycles and needs a very high duty 
cycle of 𝐷 = 0.94 to reach 800 V. Operating at such a high 
duty cycle is not practical in real life because it forces the switch 
to turn off in a very short time, causing severe switch stress, 
high power losses, and poor efficiency [21], [29], [30], [33], 
[44], [46], [55]. 

In contrast, Synchronized Marx Topology Boost Converter 
(SMTBC) is able to significantly boosts the output voltage. The 
SMTBC gives the highest output voltage across the whole 
range, reaching 818 V at a much lower duty cycle of 𝐷 ≈ 0.81 
[24], [26], [35], [36], [42], [45]. 

The Interleaved Marx Boost Converter (IMTBC) applies 
an interleaved switching technique to reduce output current 
ripple. While its voltage starts lower than the CBC, its voltage 
rises quickly as 𝐷 increases, passing the CBC and reaching an 
output voltage of 816 V at 𝐷 = 0.84 [22], [34], [39], [43], [58]-
[60]. 

Overall, both SMTBC and IMTBC reach the high voltage 
gain at much lower duty cycles than the CBC. Operating at 
lower duty cycles avoids driving the converter to extreme limits 
which keeps the switches cooler, reduces stress on parts, and 
makes the system work much better. 

 

 
Fig. 1. Output Voltage vs Duty Cycle 

2.2 Multilevel and Modular Structure 

Fig. 2. shows the circuit of CBC. The CBC is not suitable 
for high voltage and high-power applications as the current 
drawn by the input converter will be high. As a result, the 
current flowing through the inductor is high and causing 
increased current stress in the inductor. Fig. 2. demonstrates 
that the inductor is connected in series with the input source. In 
this case, the current flow through the inductor is same as the 
input current of the converter [21], [29], [30], [35], [46]. 

 
Fig. 2. Conventional Boost Converter (CBC) 

Fig. 3 shows the modular structure of Marx Topology 
Boost Converter (MTBC). The MTBC improves the voltage 
conversion capability by combining multiple Marx modules to 
form a multilevel converter structure.  It consists of several 
capacitors and switching devices as spark gaps. During the 
charging stage, the capacitors are charged in parallel to the 
supply voltage. When the switches are triggered, the capacitors 
are effectively connected in series, causing their individual 
voltages to add together and produce a much higher output 
voltage [17], [23], [24], [37], [38], [47], [49], [50], [52]-[54]. 

Unlike the conventional boost converter (CBC), where the 
input source is connected to a single inductor and the entire 
input current flows through one switching path, the MTBC 
distributes the input current among multiple parallel-connected 
stages. For an n-stage MTBC, the total input current is shared 
among the n input stages, such that the average current handled 
by each stage is approximately reduced on each stage under 
balanced operating conditions. Consequently, the current stress 
experienced by each input inductor and switching device is 
significantly lower than that of the CBC at the same power 
level. This current-sharing characteristic is particularly 
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beneficial for high-power applications, where a large input 
current can result in increased conduction losses, magnetic 
component size, and electrical stress. In addition, the modular 
arrangement allows the voltage gain to be increased through the 
cascading of multiple stages without requiring the converter to 
operate at an extremely high duty cycle. Therefore, the MTBC 
provides both high voltage gain and improved current handling 
capability, making it more suitable for high-power, high voltage 
DC applications [23], [24], [37], [38], [47]-[50], [52]-[54], [56], 
[57]. 

 

Fig. 3. MTBC modular structure 

2.3 Current Ripple Variation with Switching Frequency 

By applying an interleaved switching technique to the 
primary switches, Switch A across the converter stages, the gate 
control signals are phase-shifted by half switching cycle of the 
switching period. Switch A operates at the fundamental 
switching frequency, 𝑓sw to manage energy storage within the 
input inductors. Conversely, the secondary auxiliary switches, 
Switch B and Switch C, controls the charging and discharging 
of the capacitors, operating inversely from primary switches, 
Switch A. The two phases interleaved by Switch A causing 
switch B and C to occur twice within each switching period 
thereby doubling their effective operating frequency to 2𝑓sw. As 
the Switch A operate at switching frequency, 𝑓sw is 50 kHz, 
switch B and C operate at 100 kHz. Fig. 4. shows the 
relationship between the current ripple and switching 
frequency. This demonstrates that the output current ripple of 
the converter decreases as the switching frequency increases 
[22], [34], [39], [43], [58]-[60]. 

 

 
Fig. 4. Current ripple vs switching frequency 

 

3. CONVERTER CONFIGURATION 
This section will discuss about circuit structure, switching 

strategy and parameter design of the interleaved Marx 
Topology Boost Converter. 

 

3.1 Circuit Structure 

Fig. 5. shows the 4-stage of MTBC circuit structure. Each 
stage consists of an inductor, diode, stage capacitor and 3 set of 
switches which are SA, SB and SC. The input source Vin will be 
a low voltage source such as battery or solar panel. On the 
output side, an inductor and capacitor are placed to filter the 
output voltage and current for the suitable loads [25], [28], [32]. 

 

Fig. 5. MTBC circuit structure 

3.2 Interleaved Switching Strategy 

Interleaved switching techniques in 4-stage MTBC is 
defined as stage 1 and stage 2 operated alternately with stage 3 
and stage 4. By using the interleaved switching techniques, the 
inductance values are reduced due to the increasing of 
equivalent frequency at the output side [22], [34], [43], [59], 
[60]. 

Fig. 6. shows the switching techniques of IMTBC. S1A, S2A, 

S3A and S4A is the main switch of the converter where S3A and 
S4A are phase-shifted by half a switching cycle from S1A and 
S2A. SC is the inverse of S1A and S2A, while SB is the inverse of 
SC. The output side switches group which are SB and SC has a 
twice of the equivalent frequency of the input side switches 
group. 

For a converter system operating at a duty cycle of 0.80 and 
a switching frequency of 50kHz, the switching period is 20µs. 
Accordingly, Dα occurs at 10µs, followed by Dβ at 10.2µs and 
Dꞷ is 14.3µs. Since this converter considering dead-time and 
delay to avoid short circuit and surge voltage of the switches, 
where DTβ is 0.2µs and DTꞷ is 0.1µs. 

Interleaved switching techniques consist of 12 operation 
modes. The stage capacitors C1 and C2 are charging together at 
the same time meanwhile C3 and C4 is charging alternately. All 
the capacitors discharged simultaneously Therefore, within one 
cycle of interleaved switching techniques, the stage capacitors 
undergo charging and discharging twice. As a result, the 
equivalent frequency at the output side is doubled of the 
switching frequency, achieving the high boost ratio. 
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Fig. 6. Interleaved switching techniques 

From switching scheme shown in Fig. 6., the capacitor 
charging and discharging behaviour can be identified as in 
Table 1. 

Table 1. Stage capacitors operation on 4-stage MTBC 

Mode Switches Capacitor 

 S1A, 

S2A 

S3A, 

S4A 

SB SC C1, C2 C3, C4 

1 ON ON ON OFF Discharging 

2 ON ON OFF OFF Dead time 

3 ON ON OFF ON Delay 

4 ON OFF OFF ON Charge Discharge 

5 ON ON OFF ON Delay 

6 ON ON OFF OFF Dead time 

7 ON ON ON OFF Delay 

8 ON ON OFF OFF Dead time 

9 ON ON OFF ON Delay 

10 OFF ON OFF ON Discharge Charge 

11 ON ON OFF ON Delay 

12 ON ON OFF OFF Dead time 

 

3.3 Parameter Design 

The simulation will compare the result between 
synchronized and interleaved switching techniques. The output 
voltage of Synchronized Marx Topology Boost Converter 
(SMTBC) and Interleaved Marx Topology Boost Converter 
(IMTBC) can be determined as follows: 

 𝑉𝑜𝑢𝑡 = (
𝐷𝑆𝑀𝑇𝐵𝐶

1−𝐷𝑆𝑀𝑇𝐵𝐶
) 𝑛𝑉𝑖𝑛 (1) 

 𝑉𝑜𝑢𝑡 = (
2𝐷𝐼𝑀𝑇𝐵𝐶−1

1−𝐷𝐼𝑀𝑇𝐵𝐶
) 𝑛𝑉𝑖𝑛 (2) 

The resistor load for each simulation of SMTBC and 
IMTBC can be expressed as follows: 

 𝑅 =
𝑉𝑜𝑢𝑡

2

𝑃𝑜𝑢𝑡
 (3) 

The minimum inductor for the converter to operate at 
continuous conduction mode (CCM) can be determined using 
the following formula: 

 𝐿𝑖𝑛(𝑚) >
𝑛(𝑉𝑖𝑛)

2𝐷

2𝑃𝑜𝑢𝑡𝑓𝑠𝑤
 (4) 

The relationship between inductor current ripple and input 
inductor current can be investigated using the formula below: 

 𝛥𝐼𝐿𝑖𝑛(𝑚) =
𝑉𝑖𝑛𝐷

𝑓𝑠𝑤𝐿𝑖𝑛(𝑚)
 (5) 

The average of input inductor current on each stage can be 
calculated as follows: 

 𝐼𝐿(𝑚)−𝑎𝑣𝑔 =
𝑃𝑖𝑛

𝑛𝑉𝑖𝑛
 (6) 

The inductance of output inductor can be determined using 
the following formula: 

 𝐿𝑜𝑢𝑡 =
(𝑛

𝑉𝑖𝑛
1−𝐷

−𝑉𝑜𝑢𝑡)𝐷

𝑓𝑠𝑤𝛥𝐼𝐿𝑜𝑢𝑡
 (7) 

The capacitance of each stage capacitor can be formulated 
as follows: 

 𝐶(𝑚) =
𝐼𝐿−𝑎𝑣𝑒(𝑚)(1−𝐷)

𝛥𝑉𝐶(𝑚)𝑓𝑠𝑤
=

𝑃𝑖𝑛(1−𝐷)

𝑛𝑉𝑖𝑛𝛥𝑉𝐶(𝑚)𝑓𝑠𝑤
 (8) 
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The maximum stage capacitor voltage is calculated to 
ensure it does not exceed the drain source voltage of the 
switching devices using the following formula: 

 𝑉𝐶(𝑚)−𝑚𝑎𝑥 = 𝑉𝐷𝑆−𝑚𝑎𝑥 = 𝑉𝑖𝑛 +
𝑉𝑜𝑢𝑡

𝑛
 (9) 

 

4. SIMULATION SETUP 
The proposed converters were modelled and simulated 

using PLECS software. The design specifications are 
summarized in Table 2. 

Table 2. Simulation specifications 

Specifications Value 

Input voltage, Vin 48 V 

Output voltage, Vout 300 V 

Output power, Pout 600 W 

Switching frequency, fsw 50 kHz 

Input inductance, Lin 500 µH 

Output inductance, Lout 650 µH 

Stage capacitors, Cin 44 µF 

Output capacitor, Cout 50 µF 

Resistance, R 150 Ω 

 

The simulation results obtained from the developed model 
are presented and discussed in the subsequent section to verify 
the voltage boosting capability, switching behaviour, and 
overall performance of the proposed IMTBC. 

 

Fig. 7. Key performance waveform of the converter 

Fig. 7. illustrates the key performance waveform of the 
steady state behaviour of the converter where the input voltage 
is set to 50 V to get an output of 800 V with output power 6kW. 
The current and voltage ripple tolerance is set at 1% and 1% 
respectively. 

 

5. RESULTS AND DISCUSSIONS 
This section discusses about the simulation results 

comparing Conventional Boost Converter (CBC), SMTBC and 
IMTBC. The discussion will include current stress, current 
ripple, and voltage stress of the converters. 

5.1 Input Inductor Current Stress 

The MTBC multilevel structure demonstrates that parallel 
inductor configuration effectively distributes the current stress 
among the stages. The stress is significantly reduced by 
approximately 75%, decreasing from 120 A to 30 A, as 
illustrated in Fig. 8. 

 

Fig. 8. Input inductor current stress 

5.2 Output Current Ripple 

Fig. 9. shows a comparison of the output current ripple 
among the CBC, SMTBC, and IMTBC. Fig. 9. (a) shows the 
desired output current ripple of CBC at 0.20 A while Fig. 9. (b) 
shows the output current ripple increased to 4.29 A. After 
implementing interleaved switching techniques, the output 
current ripple of MTBC achieved the same desired ripple level 
as CBC. The reduced current ripple highlights the effectiveness 
of the proposed converter in supporting sensitive loads, 
including data centre equipment, GPUs, CPUs, and artificial 
intelligence (AI) computing applications. 

 

(a) 

 

(b)

 

(c) 

Fig. 9. Output current ripple of (a) CBC (b) SMTBC and (c) 
IMTBC 
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5.3 Switching Devices Voltage Stress 

Principally, the voltage stress on switching device of CBC 
is equal to the output voltage produced by the converter. The 
simulation results of voltage stress on CBC proved that the 
CBC suffered high voltage stress on switching device as shown 
in Fig. 10. It indicated that when the converter produced an 
output voltage of 800 V, the maximum voltage across switching 
device which is a drain-source voltage of the MOSFET is 800 
V. The drain-source voltage of the MOSFET increase according 
to the increasing the output voltage of the converter. A high 
voltage rating of switching device needs to be considered so 
that the switching device can withstand the output voltage of 
CBC. 

 

Fig. 10. Voltage stress on switching device of CBC 

With the intention to reduce the voltage stress on the 
switching device of CBC, the simulation continue to test the 
reliability of MTBC structure in reducing the voltage stress on 
switching device. The result of voltage stresses on switching 
devices of SMTBC is shown in Fig. 11. The SMTBC reduces 
the switch voltage stress by approximately 68.75% compared 
to the CBC. Consequently, the SMTBC provides the better 
reduction in switch voltage stress and allow converter to use 
lower rating of switching devices. 

 

Fig. 11. Voltage stress on switching device of SMTBC 

As illustrated in Fig. 12, the switching devices in the IMTBC 
configuration are subjected to a voltage stress of 300 V each, 

while the SMTBC switches experience a significantly reduced 
stress of 250 V. Compared to the CBC, the MTBC lowers the 
voltage stress on each switching device by introducing auxiliary 
switches, SB and SC to distribute the stress evenly. 

 

Fig. 12. Voltage stress on switching device of IMTBC 

5.4 Capacitor Voltage Balancing 

Fig. 13. presents a steady-state performance comparison of 
stage capacitors voltage of SMTBC and IMTBC operating 
under identical conditions. Both topologies maintain a constant 
output voltage, Vout of 800 V over time. However, the stage 
capacitor voltage stress differs significantly between the two 
structures as the capacitor in the IMTBC operates at a higher 
voltage level of 300 V represented by the red line, whereas the 
capacitor in the SMTBC experiences a lower voltage stress of 
250 V represented by the blue line. This lower voltage stress in 
the SMTBC topology is advantageous because it allows the use 
of lower-voltage-rated components, which typically offer 
smaller physical sizes, lower manufacturing costs, and higher 
overall system conversion efficiency. 

 

Fig. 13. Capacitor voltage on each stage of SMTBC and 
IMTBC 
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5.5 Inductor Current Sharing 

Fig. 14. shows the inductor current sharing between each 
stage of input inductors. The average current of each stage 
inductor is reduced by a factor of four due to the four parallel-
connected input stages. As the number of interleaved stages 
increases, the input current is distributed among the 
corresponding inductors, resulting in a proportional reduction 
of the current stress on each inductor. Consequently, the 
conduction losses and copper losses are reduced, improving the 
overall efficiency and thermal performance of the converter. 

 

Fig. 14. Inductor current on each stage of MTBC 

5.6 Overall Performance Comparison 

The performance comparison across the three converter 
topologies CBC, SMTBC and IMTBC reveals significant 
operational deviations across current stress, voltage stress, and 
output ripple performance. As shown in Fig. 15., both the 
IMTBC (D=0.833) and SMTBC (D=0.800) achieved 75% 
reduction in input inductor current stress compared to the 
traditional CBC, effectively minimizing conduction losses 
(I²R). 

 

Fig. 15. Significant finding regarding reduction of current 
stress on input inductor 

Furthermore, Fig. 16. demonstrates that the SMTBC 
topology provides the lowest semiconductor voltage stress at 
250 V, marking 68.75% reduction from the CBC's full output 
stress of 800 V, which enables the selection of lower-voltage-
rated MOSFETs to boost overall system efficiency. 

 

Fig. 16. Key outcome regarding reduction of voltage stress on 
switching devices 

Finally, Fig. 17. highlights that while the SMTBC 
experiences a slightly higher output current ripple of 4.29 A, the 
IMTBC topology achieves better ripple reduction capability 
with a lower ripple of 0.3 A, presenting a design variation of 
ripple reduction and component stress minimization. 

 

Fig. 17. Principal outcome on reduction of output inductor 
current ripple 

5.7 Future Converter Extensions 

The successful implementation of interleaving in the 
MTBC suggests that the Marx capacitor charging and 
discharging concept may be extended to other converter 
structures. Potential future research directions include Marx-
assisted buck converters, buck-boost converters, flyback 
converters, SEPIC converters, and isolated converter 
topologies. 

Further investigation into Automatic Voltage Regulation 
(AVR), Automatic Current Regulation (ACR), and digital 
control strategies may also improve converter dynamic 
performance. 
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1. CONCLUSION 
This paper has presented the analysis and performance 

evaluation of the proposed interleaved Marx topology-based 
converter (IMTBC), with particular focus on input and output 
current ripple characteristics as well as current and voltage 
stress distribution among components. The results demonstrate 
that the interleaved switching strategy significantly improves 
the input current behaviour, enabling the IMTBC to achieve a 
ripple level comparable to that of a conventional boost 
converter, while the SMTBC fails to achieve similar 
performance. Quantitatively, the IMTBC achieves a 93% 
reduction in output current ripple relative to the SMTBC, 
highlighting the effectiveness of the interleaving technique in 
mitigating source-side current ripples. 

In addition, the multilevel MTBC structure with parallel 
inductor configuration is shown to effectively distribute current 
stress across the converter components. This configuration 
leads to a significant reduction in current stress, decreasing 
from 120 A to 30 A, corresponding to an improvement of 
approximately 75%. Such a reduction is particularly beneficial 
for enhancing converter efficiency, reducing component stress, 
and improving overall system lifetime. 

A detailed performance analysis reveals that SMTBC 
offers the lowest switch voltage stress of 250 V, representing a 
68.75% reduction compared to CBC. Meanwhile, the proposed 
IMTBC excels in output power quality, successfully 
minimizing output current ripple compared to the other 
topologies. Specifically, the IMTBC operates at a moderate 
duty cycle D = 0.833 vs D = 0.938 for CBC while delivering 
better ripple reduction capability, reducing the output current 
ripple to 0.30 A compared to 4.29 A in the SMTBC.  

Furthermore, frequency analysis confirms that increasing 
switching frequency significantly decreasing output ripple, 
allowing a reduction in magnetic component size. Overall, the 
IMTBC provides a balanced solution combining lower duty 
cycle operation, reduced switch voltage stress and exceptional 
output current quality, making it highly suitable for powering 
sensitive loads such as GPUs, CPUs, and AI computing 
hardware. 

Future work will focus on extending the proposed IMTBC 
topology toward higher power levels and experimental 
hardware validation to complement the simulation results. 
Further investigation will also consider efficiency optimization 
under wide load and duty-cycle variations, as well as the impact 
of non-ideal component characteristics such as parasitic 
inductance and capacitance. In addition, advanced control 
strategies, including digital current-mode control and adaptive 
interleaving techniques, will be explored to further enhance 
dynamic performance and improve robustness under transient 
operating conditions. 
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