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     Abstract—Dual Active Bridge (DAB) DC–DC converters are 

commonly used in high-power isolated systems, including on-

board and off-board electric vehicle chargers, because of their 

inherent bidirectional power transfer capability and compact 

design. However, as charging power levels and efficiency targets 

continue to rise in modern EV infrastructures, the associated 

increase in semiconductor losses and device temperatures makes 

thermal performance a critical design concern. Despite the 

advantages, traditional DAB converters with single-phase shift 

(SPS) control tend to incur considerable switching losses, 

especially at high power levels, which can raise semiconductor 

junction temperatures. In particular, the lack of a detailed, 

application-oriented comparison between the thermal loss 

behavior of conventional DAB converters and resonant-assisted 

variants under realistic EV charging conditions limits designers’ 

ability to select the most thermally efficient topology. For this 

reason, the power-loss characteristics and thermal response of a 

conventional DAB converter, related to its switches, are 

evaluated and compared with those of an LLL-tank-assisted 

DAB topology. The two converter topologies are modeled in 

MATLAB/Simulink and PLECS and tested under identical 

operating conditions, including power level and control method, 

so that the results can be directly compared. Semiconductor 

losses are then estimated by considering both conduction and 

switching components, with switching energy values taken from 

the IGBT manufacturer’s datasheet. Junction temperature is 

then estimated through a steady-state thermal resistance model 

that relates total power dissipation to ambient conditions. The 

influence of the LLL resonant tank on converter current profiles 

and thermal stress is analyzed. Simulation results show that 

introducing the LLL resonant tank reduces switching and 

conduction losses, thereby lowering the junction temperature of 

the power semiconductor devices compared with the 

conventional DAB converter. This improvement is achieved 
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without altering the original SPS control approach. The 

outcomes of this work offer valuable guidance for thermally 

optimized design of high-power isolated DC–DC converters 

used in electric vehicle charging systems, bridging an important 

gap between efficiency-oriented analysis and comprehensive 

thermal loss evaluation for practical EV charger applications.  

     This work presents a systematic comparative thermal loss 

analysis of a Dual Active Bridge (DAB) converter operating with 

and without an LLL resonant tank, specifically for high-power 

EV charger applications. Unlike prior studies that primarily 

focus on efficiency enhancement or soft-switching performance 

of resonant-assisted DAB topologies, this study provides a 

detailed device-level evaluation of thermal and loss distribution 

under identical operating conditions. The proposed comparison 

framework quantifies conduction and switching losses and the 

resulting impact on system-level thermal management 

requirements. This approach enables a clearer understanding of 

the trade-offs between conventional DAB and LLL-assisted 

configurations in terms of efficiency, thermal performance, and 

practical constraints for EV charger implementation. 

 

Index Terms- Dual Active Bridge Converter, LLL Resonant 

Tank, Switching Loss Analysis, Thermal Modeling, Junction 

Temperature, Electric Vehicle Chargers. 

I.  INTRODUCTION 

As electric vehicle (EV) adoption continues to expand 

worldwide, the demand for efficient, reliable, and compact 

power conversion systems in both on-board and off-board 

charging infrastructures has increased significantly. High-
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power EV chargers require galvanically isolated DC–DC 

conversion stages to ensure safety, enable voltage level 

adaptation, and support bidirectional power flow for vehicle-

to-grid (V2G) operation. Among various isolated DC–DC 

converter topologies, the Dual Active Bridge (DAB) 

converter has emerged as a widely adopted solution due to its 

symmetrical structure, inherent bidirectional capability, high 

power density, and suitability for high-frequency 

transformer-based isolation [1]-[4]. 

The conventional DAB converter typically operates under 

Single Phase Shift (SPS) modulation, where the transferred 

power is controlled by the relative phase shift between the 

primary and secondary full-bridge voltages. While SPS 

control offers simplicity and robustness, it is well 

documented that conventional DAB converters can suffer 

from excessive circulating currents, hard-switching behavior, 

and elevated current stress under high power transfer, wide 

voltage conversion ratios, and light-load operating conditions 

[2], [3], [5], [6]. These effects lead to increased conduction 

and switching losses in power semiconductor devices, 

resulting in higher junction temperatures and reduced system 

efficiency. In EV charging applications, where converters 

often operate continuously at high power levels, thermal 

stress becomes a dominant design constraint affecting 

reliability, lifetime, and cooling system requirements [7], [8]. 

To mitigate these drawbacks, a substantial body of 

research has focused on improving DAB performance 

through advanced modulation strategies. Techniques such as 

dual-phase-shift (DPS), triple-phase-shift (TPS), and 

extended phase-shift (EPS) control have been proposed to 

reduce circulating current, improve soft-switching 

conditions, and enhance efficiency across a wider operating 

range [1],[2],[9],[10]–[12]. Although effective, these 

modulation schemes typically increase control complexity, 

computational burden, and sensitivity to parameter 

variations, which may limit their practicality in industrial EV 

charging systems where robustness and simplicity are highly 

valued [13],[14]. 

An alternative approach to performance improvement 

involves modifying the DAB power stage itself by integrating 

resonant or quasi-resonant networks. Resonant-assisted DAB 

topologies, including CLLC, LCL, and other multi-element 

resonant structures, have been investigated to reshape current 

waveforms, reduce di/dt during switching transitions, and 

extend zero-voltage-switching (ZVS) operation [15–18]. 

These topologies leverage interactions between transformer 

leakage inductance and additional resonant elements to soften 

switching transitions and reduce switching energy losses 

without fundamentally altering the bidirectional nature of the 

DAB converter. 

Among resonant-assisted structures, LLL-type resonant 

tanks have attracted attention for their ability to improve 

switching behavior while maintaining compatibility with 

conventional SPS control [19]-[21]. By introducing multiple 

inductive elements into the power transfer path, the LLL 

resonant tank can modify current dynamics during 

commutation intervals, reduce instantaneous voltage–current 

overlap in switching devices, and alleviate current stress. This 

makes LLL-assisted DAB converters particularly attractive 

for high-power applications where switching frequency and 

device ratings impose strict thermal constraints. 

Despite the extensive literature on efficiency optimization 

and soft-switching operation of resonant and quasi-resonant 

DAB converters, relatively few studies have explicitly 

examined the thermal implications of these topological 

modifications. In high-power EV charging systems, 

semiconductor junction temperature is a critical performance 

metric, as it directly influences device reliability, cooling 

system design, and long-term operational stability 

[6],[8],[22],[23]. While several works report reductions in 

electrical losses, they often do not quantify how these 

reductions translate into junction temperature improvement 

under identical operating and thermal boundary conditions 

[24],[25]. As a result, the thermal benefits of resonant-

assisted DAB converters remain insufficiently characterized. 

Thermal modeling of power electronic converters is 

therefore essential for meaningful performance evaluation. 

Datasheet-based loss estimation combined with steady-state 

thermal resistance networks is widely used in comparative 

studies to relate semiconductor power dissipation to junction 

temperature rise [22], [26]-[28]. Such approaches provide 

valuable insight into the coupling between electrical loss 

mechanisms and thermal stress while maintaining reasonable 

modeling complexity, making them suitable for early-stage 

design evaluation and topology comparison. 

Motivated by these considerations, this paper presents a 

comparative thermal and power loss analysis of a 

conventional SPS-controlled DAB converter and a DAB 

converter assisted by an LLL resonant tank. Both topologies 

are modeled in MATLAB/Simulink and PLECS and 

evaluated under identical electrical operating conditions, 

power rating, switching frequency, and control strategy to 

ensure a fair and topology-independent comparison. 

Semiconductor conduction and switching losses are 

estimated using datasheet-based models, and a steady-state 

thermal resistance network is employed to calculate junction 

temperature. By analyzing current waveforms, loss 

components, and resulting thermal behavior, this study aims 

to clarify the impact of LLL resonant tank integration on the 

thermal performance of DAB converters used in EV charging 

applications. 

II.  CONVERTER TOPOLOGY UNDER STUDY 

This work compares two isolated bidirectional DC–DC 

converter topologies derived from the Dual Active Bridge 

(DAB) family: (A) a conventional soft-switched DAB 

operating under Single Phase Shift (SPS) control, and (B) a 

DAB augmented by a LLL resonant tank (LLL-DAB) while 

retaining the same SPS control scheme. Both topologies are 

modeled and simulated under identical electrical and control 

conditions to permit direct comparison of electrical losses and 

thermal response. The following subsections define each 

topology, enumerate modeling assumptions, and list the key 

parameters used for fair comparison. 

A.  Conventional Dual Active Bridge Converter 

The conventional DAB under study consists of two full-

bridge H-bridge converters (primary and secondary) 

connected by a high-frequency isolated transformer, as 

illustrated in Fig. 1. Each H-bridge converts its DC link 

voltage into a bipolar square-wave voltage applied to the 

transformer. Power transfer is controlled by the relative phase 

shift Δφ between the primary and secondary bridge 

waveforms (SPS modulation) [1],[3].  
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Fig. 1.  Overall Topology of a conventional Dual Active Bridge Converter 

(DABC). 

 

The transformer leakage inductance 𝐿ℓ and any intentionally 

inserted series inductance limit the current slope and 

determine the energy exchange during each switching 

interval. Key characteristics and modeling choices for the 

conventional DAB are: 

• Topology: two H-bridges + high-frequency 

transformer with leakage inductance Lℓ. 

• Modulation: Single Phase Shift (SPS) — phase shift 

Δφ controls the average power flow while switching 

frequency fs is fixed. 

• Dominant reactive element: series leakage 

inductance Lℓ. 

• Assumptions: ideal transformer turns ratio n, 

lossless magnetics except for leakage Lℓ, H-bridge 

switches represented by datasheet-based (Infineon 

IKQ50N120CH3) switching and conduction models 

in the loss calculation stage (detailed in Section III) 

[25]. Parasitic capacitances and stray resistances are 

included in device-level loss estimation but are not 

treated as separate tuning elements in the baseline 

topology. 

 

 
Fig. 2.  Phase-shift applied in the conventional DAB. 

 

Fig. 2 illustrates the distinct phase-shift between the voltages 

generated by each H-bridge. As shown, both the conventional 

Dual Active Bridge (DAB) and the LLL-DAB converter are 

designed to facilitate a DC-DC conversion from 1000 V to 

500 V. Furthermore, the series inductance of the high-

frequency (HF) transformer is a critical parameter in the 

system model. A value of 0.0102 mH is utilized for both the 

conventional DAB and LLL-DAB configurations to 

accurately characterize their power transfer behavior. To 

facilitate the understanding of the operating behavior of a 

conventional Dual Active Bridge converter, the voltage 

across the leakage inductance and the corresponding leakage 

inductance current waveforms are illustrated in Fig. 3. In 

addition, the battery state of charge (SOC) and the converter 

output voltage are presented in Fig. 4. 

 

 

 
Fig. 3.  Voltage and current of the leakage inductance in the conventional 

DAB. 

 

 

 
Fig. 4.  SOC and Output Voltage of the conventional DAB. 

 

B.  LLL Resonant Tank DAB Converter 

The LLL-DAB topology retains the same H-bridges and 

isolated transformer as the conventional DAB. Still, it 

introduces a passive resonant network (here referred to as an 

LLL resonant tank) that interacts with the transformer 

leakage inductance and device parasitic capacitances to alter 

switching transients and waveform shapes. The resonant 

network is arranged so that, during switching transitions, the 

current of the switching device are reshaped to reduce the 

instantaneous overlap of voltage and current and thereby 

reduce switching energy per transition as the topology 

illustrated in Fig. 5. The resonant network is arranged so that, 

during switching transitions, the current of the switching 

device is reshaped to reduce the instantaneous overlap of 

voltage and current and thereby reduce switching energy per 

transition [9],[19]. 
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Fig. 5.  Overall Topology of an LLL-DAB Converter. 

Important aspects of the LLL-tank arrangement used in this 

study are: 

• Resonant network: the LLL tank comprises three 
inductive elements arranged to form a resonant path that 
couples to the transformer leakage inductance and 
device capacitances. The practical implementation in 
the Simulink model uses discrete inductors L1, L2, and 
L3, whose values are just to establish a target resonance 
that produces favorable current shaping at switching 
instants. 

• Placement and interaction: The resonant tank is inserted 
between the H-bridges and the transformer on both the 
primary and secondary sides, enabling resonant current 
flow through the transformer leakage inductance during 
commutation intervals. The conventional power transfer 
path is preserved for steady-state operation, while the 
resonant branch handles transient energy exchange. 

• Control compatibility: SPS modulation is preserved for 
power control; no additional active timing or phase-
interleaving control is required, and it is considered a 
simple modulation method. The resonant tank is passive 
and does not alter the steady-state phase-shift control 
law; thus, the two topologies are compared under 
identical control inputs (same Δφ and 𝑓𝑠). 

• Design objective: We use L1=L2=L3=0.0102 mH 
values only to show the effect of the LLL resonant tank 
in this paper, as this paper is only a comparative study. 

• Expected switching behavior: softening of transitions, 
reduced di/dt at switching instants, and altered current 
waveform shape; representative waveforms for the 
LLL-DAB are shown. 

 
Fig. 6.  Phase-shift applied in the LLL-DAB. 

 

As is shown, the difference between Figs. 2 and 6 is obvious. 

Moreover, the phase shift in Fig. 6 is much more than that in 

Fig. 2. 

 
Fig. 7.  Voltage and current of the leakage inductance in the LLL-DAB. 

 
Fig. 8.  SOC and Output Voltage of the LLL-DAB. 

The leakage inductance voltage and current waveforms of the 

LLL-DAB converter are shown in Fig. 7, while the battery 

SOC and output voltage are presented in Fig. 8. 

III.  SEMICONDUCTOR POWER LOSS MODELING 

This section describes the device-level loss model used to 

estimate semiconductor dissipation in both converter 

topologies. The model is datasheet-driven, theoretical, and 

implemented in PLECS, so that switching and conduction 

losses are computed from device-level waveforms and the 

manufacturer’s different variables curves [27].  

A.  Switching Loss Model 

The structure and architecture of a DAB consist of two full 

bridges, and each bridge consists of four switches. Therefore, 

the total switching losses of our converter equal the algebraic 

sum of the switching losses of our eight switches in the 

converter.  

𝑃𝑠𝑤 = ∑(
1

2
)

8

𝑖=1

𝑉𝑠𝑤𝐼𝑠𝑤(𝑡𝑜𝑛

+ 𝑡𝑜𝑓𝑓)𝑓𝑠𝑤                                         (1) 

Where Vsw and Isw are the voltage and current through the 

switch during its on and off states, as clearly stated in each 

switch datasheet [27].  

Also, by including explicit dependence on device 

voltage/current at switching instants, the two bridges can be 

interpreted as: 

 

 𝑃𝑠𝑤,𝑘 = 𝑓𝑠𝑤(𝐸𝑜𝑛,𝑘

+ 𝐸𝑜𝑓𝑓,𝑘)                                                (2) 
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Where fsw is the switching frequency and Eon, and Eoff are 

the energy lost in device k during turn-on switching and the 

energy lost in device k during turn-off switching r. For a 

deeper dive, we have the following equations for Eon and 

Eoff: 

 

 𝐸𝑜𝑛,𝑘

≈ ∫ 𝑣𝑑𝑠,𝑘(𝑡) 𝑖𝑑,𝑘 (𝑡). 𝑑𝑡      𝑑𝑢𝑟𝑖𝑛𝑔 𝑜𝑛 𝑡𝑖𝑚𝑒           (3) 

 

 𝐸𝑜𝑓𝑓,𝑘

≈ ∫ 𝑣𝑑𝑠,𝑘(𝑡) 𝑖𝑑,𝑘 (𝑡). 𝑑𝑡      𝑑𝑢𝑟𝑖𝑛𝑔 𝑜𝑓𝑓 𝑡𝑖𝑚𝑒       (4) 

 

For simplification in switching loss calculation, we have to 

consider some assumptions: first, the current through the 

Core resistance Rm and magnetizing inductor is negligible, 

as these currents are much less than the series inductance Leq 

and Req. As a result, we should precisely calculate the overall 

switching losses based on the given equation.              

B.  Conduction Loss Model 

Conduction loss is evaluated from device conduction 

characteristics and the actual current waveform. The model is 

selected based on device type and available datasheet 

parameters. 

The exact instantaneous conduction power is 

 𝑃𝑐𝑜𝑛𝑑(𝑡)
= 𝑉𝑐𝑒𝑖𝑐(𝑡)                                                                      (5) 

Where Vce is the voltage across the switch, and ic is actually 

the current passing through it. 

And the average conduction power over one switching period 

is 

 𝑃𝑐𝑜𝑛𝑑

= (
1

𝑇𝑠

) ∫ 𝑉𝑐𝑒(𝑡). 𝑖𝑐

𝑡0+𝑇𝑠

𝑡0

(𝑡). 𝑑𝑡                                          (6) 

For approximation, we would have: 

 

 𝑉𝑐𝑒(𝑡) = 𝑉𝑓 𝑠𝑖𝑔𝑛(𝑖𝑐(𝑡))

+ 𝑅𝑜𝑛  𝐼2
𝑟𝑚𝑠                                           (7) 

 

then: 

 

      𝐼𝑟𝑚𝑠 = √
1

𝑇𝑠

∫ 𝑖𝑐
2

𝑡0+𝑇𝑠

𝑡0

(𝑡). 𝑑𝑡                                        (8) 

 

When waveform integration is impractical, we can use a 

relevant datasheet parameter for the switch we are analyzing. 

C.  Total Device Power Loss 

The total steady-state power dissipated by a semiconductor 

device is the sum of conduction and switching losses. For 

each power device, we compute: 

 𝑃𝑙𝑜𝑠𝑠 = 𝑃𝑐𝑜𝑛𝑑 + 𝑃𝑠𝑤                                                        (9) 

Where Ploss is the total power loss of the switch, Pcond is the 

conduction power loss of the switch, and Psw is the switching 

power loss of the switch. 

For a bridge composed of N identical switching devices and 

M diodes, the bridge loss is 

𝑃𝑏𝑟𝑖𝑑𝑔𝑒 = ∑ 𝑃𝑙𝑜𝑠𝑠,𝑠𝑤𝑖𝑡𝑐ℎ𝑖

𝑁

𝑖=1

+ ∑ 𝑃𝑙𝑜𝑠𝑠,𝑑𝑖𝑜𝑑𝑒𝑗

𝑀

𝑗=1

                            (10) 

IV.  THERMAL MODELING AND JUNCTION TEMPERATURE 

ESTIMATION 

Electrical loss reduction is only meaningful in high-power 

converter design if it translates into reduced thermal stress on 

semiconductor devices. For this reason, the power losses 

calculated in Section III are used as inputs to a device-level 

thermal model to estimate junction temperature under steady-

state operating conditions. This section describes the adopted 

thermal modeling approach, assumptions, and junction 

temperature calculation methodology used for both converter 

topologies. 

A.  Thermal Modeling Approach 

A lumped, steady-state thermal resistance model is employed 

to estimate the junction temperature of power semiconductor 

devices [7],[27]. This approach is widely used in preliminary 

thermal design and comparative studies, as it provides a direct 

and physically meaningful relationship between device 

power dissipation and temperature rise while avoiding 

excessive computational complexity. 

Each semiconductor device is represented by a one-

dimensional thermal network consisting of: 

• Junction-to-case thermal resistance Rth(j-c), 

obtained from the manufacturer’s datasheet. 

• Junction-to-case thermal resistance Rth(j-c), 

obtained from the manufacturer’s datasheet. 

The thermal model assumes uniform heat generation within 

the semiconductor die and neglects lateral thermal coupling 

between devices. This assumption is reasonable for the 

comparative analysis performed in this work, as identical 

thermal boundary conditions are applied to both converter 

topologies. 

B.  Junction Temperature Calculation 

Under steady-state conditions, the junction temperature Tj of 

each device is calculated from the total device power loss 

using the linear thermal resistance relationship. 

  𝑇𝑗 = 𝑇𝑎𝑚𝑏 + 𝑃𝑙𝑜𝑠𝑠( 𝑅𝑡ℎ(𝑗−𝑐)

+ 𝑅𝑡ℎ(𝑐−𝑎))                    (11) 

Where 

• Tamb is the ambient temperature. 

• Ploss is the total steady-state power dissipation of 

the device calculated in Section III. 

• Rth(j-c) is the junction-to-case thermal resistance. 

• Rth(c-a) is the case-to-ambient thermal resistance. 

The junction temperature is evaluated individually for the 

targeted switching device in the converter. 

V.  RESULTS AND COMPARISON 

This section presents and compares the simulation results 

obtained for the conventional DAB converter and the LLL-

tank-assisted DAB under identical electrical, modulation 

(SPS), ambient temperature, and cooling conditions [29]. 
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Fig. 9(a) and Fig. 9(b) show the detailed Simulink simulation 

models of the conventional DAB converter and the proposed 

LLL-resonant-tank-assisted DAB, respectively. 

 

 
(a) 

 
(b) 

 
Fig. 9.  Simulink model of (a) Conventional DAB and (b) LLL-DAB 

 

The performance metrics considered in this comparison 

include: 

• Switching loss for the switch 

• Conduction loss for the switch 

• Total semiconductor power loss 

• Peak junction temperature 

• Thermal distribution across the active switch 

All results are extracted after steady-state operation is 

reached to ensure consistency and repeatability. 

A.  Switching Loss Comparison 

Switching losses are calculated using the PLECS thermal 

model detailed in Section III-A. The switching loss 

comparison indicates that the LLL-assisted DAB achieves 

substantially less switching dissipation than the conventional 

topology. As summarized in Table I, the total switching loss 

of the LLL-DAB is reduced by approximately 292 W relative 

to the conventional DAB. 

TABLE I 

ESTIMATED SWITCHING LOSSES RESULTS 

Topology Estimated Switching Loss 

DAB 302.1 W 

LLL-DAB 9.54 W 

 

This reduction is mainly attributed to the resonant current 

shaping introduced by the LLL tank. In the conventional 

DAB, the bridge current overlaps more significantly with 

voltage transitions during commutation, resulting in higher 

turn-on and turn-off energy losses. By contrast, the LLL 

network modifies the current waveform so that the current 

magnitude at switching instants is reduced, which improves 

the soft-switching condition and limits the simultaneous 

presence of high voltage and current. 

The switching loss reduction can therefore be interpreted as: 

 

  𝛥𝑃𝑠𝑤 = 𝑃𝑠𝑤,𝑐𝑜𝑛𝑣

− 𝑃𝑠𝑤,𝐿𝐿𝐿                                                 (12) 

 

B.  Conduction Loss Comparison 

Conduction losses for both converters are also calculated 

using PLECS. Table II summarizes the conduction loss 

results.  

TABLE II 

ESTIMATED CONDUCTION LOSSES RESULTS 

Topology Estimated Conduction Loss 

DAB 131.12 W 

LLL-DAB 9.12 W 

A significant discrepancy is observed between the switch 

conduction losses of each topology. The LLL-DAB 

demonstrates a reduction of approximately 122W relative to 

the conventional DAB configuration. 

This reduction can be explained by the altered current RMS 

profile resulting from the resonant tank integration. The LLL 

network reshapes the circulating current and reduces peak 

current stress, which directly lowers RMS current through the 

semiconductor devices. Since conduction losses are 

proportional to the following term 

 

  𝑃𝑐𝑜𝑛𝑑 ∝  𝐼2
𝑟𝑚𝑠 . 𝑅𝑜𝑛                                                         (13) 

 

Even a moderate reduction in RMS current leads to a 

noticeable decrease in conduction dissipation. 

The conduction-loss improvement can be written as: 

 

  𝛥𝑃𝑐𝑜𝑛𝑑 = 𝑃𝑐𝑜𝑛𝑑,𝑐𝑜𝑛𝑣

− 𝑃𝑐𝑜𝑛𝑑,𝐿𝐿𝐿                                                 (14) 

 

C.  Total Power Loss Comparison 

As mentioned, the combined effect of switching and 

conduction losses leads to the total power loss of the switch. 

Combining the reported reductions in switching and 

conduction losses, the LLL-DAB achieves a significantly 

lower total power loss than the conventional DAB. This 

reduction is particularly important because the junction 

temperature rises approximately linearly with total dissipated 

power under steady-state thermal conditions: 

 

  𝛥𝑇𝑗

= 𝑃𝑙𝑜𝑠𝑠 −  𝑅𝜃𝑗𝑎                                                                     (15) 

 

Therefore, the reduction in total semiconductor loss directly 

translates into lower thermal loading, reduced heat sink 

demand, and improved converter reliability. 

D.  Junction Temperature Comparison 

Table III and Fig. 10 show that the conventional DAB 

exhibits a noticeably higher junction temperature than the 

LLL-DAB under the same ambient temperature and cooling 

conditions. The LLL-assisted topology reduces the peak 

junction temperature by approximately 24°C, representing a 

substantial improvement in reliability. 

This behavior follows directly from (11). Because LLL-

DAB switches dissipate less total loss, the device temperature 

rise above ambient is correspondingly smaller. More 

importantly, the thermal distribution is also improved. In 
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conventional DAB, thermal stress is concentrated more 

heavily on the primary-side devices due to higher circulating 

current and greater current overlap during switching. This 

concentration leads to localized hot spots and may accelerate 

thermo-mechanical fatigue. 

In contrast, the LLL-DAB exhibits a more uniform 

thermal profile across the active switches. The thermal 

balance improves because the resonant tank redistributes 

current flow and reduces peak current stress. As a result, the 

temperature difference among devices becomes smaller, 

which is highly beneficial for long-term reliability in EV 

charger applications. 

The thermal improvement may be summarized as: 

 

  𝛥𝑇𝑗

= 𝑇𝑗,𝑐𝑜𝑛𝑣 −  𝑇𝑗,𝐿𝐿𝐿                                                        (16) 

 

The observed reduction in junction temperature confirms that 

the improved electrical performance of the LLL tank directly 

enhances thermal performance. 

TABLE III 

ESTIMATED JUNCTION TEMPERATURE RESULTS 

Topology Estimated Junctions Temperatures 

DAB 54.1 °C 

LLL-DAB 30.06 °C 

 

 
(a) 

 

(b) 

Fig. 10.  Estimated junction temperature of the switch in (a) Conventional 

DAB, (b) LLL-DAB 

 

E.  Discussion of Thermal Distribution 

Beyond peak temperature, the spatial thermal distribution is 

an essential indicator of converter robustness. In conventional 

DAB, the higher RMS and commutation current cause 

stronger thermal stress on selected switches, particularly 

those operating under more severe current-overlap 

conditions. This results in a non-uniform temperature field 

and localized hot spots. By contrast, the LLL topology 

reduces this non-uniformity through resonant current 

shaping. Lower current stress diminishes the thermal load on 

the most critical devices and spreads dissipation more evenly 

across the bridge. This balanced thermal distribution is 

desirable because: 

1. It reduces hotspot severity, 

2. It lowers the likelihood of bond-wire and solder 

fatigue, 

3. It improves long-term reliability under repetitive 

charging cycles, 

4. It relaxes cooling-system requirements. 

Therefore, the advantage of the LLL-DAB is not limited to 

lower losses; it also includes better thermal symmetry and 

more favorable reliability behavior. 

F.  Critical Evaluation 

Although the LLL tank improves both electrical and thermal 

performance, it introduces additional passive components and 

design sensitivity. The resonant parameters must be carefully 

selected to preserve the soft-switching region and avoid 

performance degradation under parameter drift. Moreover, 

the increased component count may raise cost and design 

complexity. Nevertheless, for high-power EV charger 

applications where efficiency, thermal stability, and 

reliability are more important than minimal hardware count, 

the LLL-assisted DAB offers a compelling advantage. The 

reduction in switching and conduction losses, and in junction 

temperature, provides strong evidence that resonant tank 

integration is an effective approach for improving converter 

thermal performance. 

The overall Comparison of the two converter topologies 

is summarized in Table IV. Table IV provides an easy-to-use 

comparison of the main electrical and thermal performance 

metrics. The results clearly indicate that integrating the LLL 

resonant tank significantly improves the converter’s thermal 

and electrical performance by reducing switching and 

conduction losses, leading to lower junction temperatures and 

improved thermal balance among semiconductor devices. 

However, design constraints should be considered. 

TABLE IV 

OVERALL COMPARISON BETWEEN DAB & LLL-DAB 

Performance Metric Conventional DAB LLL-DAB 

Switching Loss Higher Lower 

Conduction Loss Higher Lower 

Total Semiconductor 
Loss 

Higher Lower 

Peak Junction 

Temperature 

Higher Lower 

Number of Elements Lower Higher 

Design Complexity Lower Higher 

Control Complexity Lower Higher 
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VI.  CONCLUSION 

This paper presents a comparative thermal and power-loss 

analysis of a conventional dual-active-bridge (DAB) 

converter and an LLL-tank-assisted DAB topology for high-

power isolated DC–DC applications, such as EV charging 

systems. Detailed switching and conduction loss models were 

developed and implemented under identical operating 

conditions to ensure a fair and topology-independent 

comparison. A lumped thermal resistance network was then 

employed to estimate semiconductor junction temperatures 

based on the calculated device power dissipation. 

Thermal analysis confirms that the reduction in junction 

temperature closely follows the trend in loss reduction, 

highlighting the strong coupling between electrical loss 

mechanisms and thermal performance. Lower junction 

temperatures imply improved semiconductor reliability, 

relaxed cooling requirements, and potentially higher 

allowable power density, all of which are critical factors in 

compact and high-efficiency EV charger designs. 

Overall, the findings indicate that resonant-assisted DAB 

converters offer tangible thermal advantages beyond 

efficiency improvement alone. These results support the 

suitability of LLL-tank-assisted DAB topologies for next-

generation high-power DC fast-charging systems where 

thermal constraints and long-term reliability are of primary 

concern.  

Finally, this paper contributes to the existing literature by 

providing a structured, quantitative thermal-loss-oriented 

comparison between conventional DAB and LLL-resonant-

assisted DAB topologies under realistic EV charger operating 

conditions. The present study distinguishes itself by 

performing a detailed breakdown of conduction and 

switching losses at the semiconductor device level. The 

results demonstrate that adding the LLL resonant tank alters 

not only the switching dynamics but also the thermal loading 

profile, which has important implications for reliability, 

cooling design, and long-term EV charger operation. 
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