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Abstract Beyond-NomlnaI Characteristics  Figure 7 highlights the experimentally
. . . . .. . L. . . , , , , , measured T; with respect to loading. The
There is zero-tolerance for failure in various critical applications, including * By using the normalized curve for the Rps,,, of this device provided by the manufacturer, switchin de</ice diodepand - ductor riached
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converter can risk critical operation capabilities. A 1-MHz buck converter is . or-ear onmLsen-normt - N this experiment, the diode was Intentionally 2
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6.5 A and nominal operation of 5.5 A and tested up to 30 % above the nominal Pios] experiment, are. Hlustrated in Fig. S, where Load (PU)
. ‘ . .o L GaN HEMT, inductor, and the overall
current rating. Operating a converter beyond-nominal test conditions places PRSP . L .

. ; . . — o o |, + converter  temperatures  are  shown Fig. 7. GaN HEMT, SiC diode and inductor
each component at risk of degradation or failure which needs to be — . . ' temperature profiles at various loads.
monitored in these conditions. For example, the change in on-resistance is an v = o | 7N i ¥ RSy
important factor to consider for beyond-nominal operating conditions in T FZSVR”;;)_ ) B
switching devices for monitoring health. Therefore, a simple and accurate o )| .
method to measure the dynamic on-resistance is also provided with , , = , , ,

Fig. I. MHz buck converter showing components susceptible to failure. Fig. 2. Thermal network for GaN HEMT.

experimental results.

Results and Discussion

Introduction | o o
* Buck converter operating at |-MHz is utilized, as depicted in Fig. 3.
* Power electronics have become integral for electrified transportation, such as electric * Figure 4 presents GaN HEMT Rpg,n caic With respect to load in per unit (PU). Overall, (b
vehicles, eVTOLs, and electric ships [1],[2]. Due to their critical role in these systems there is 46% increase in on-resistance under beyond-nominal load conditions compared to | | | | | - | |
and impact on application safety, these applications demand a zero-tolerance for using the static normalized RDSOn provided i the datasheet. zliill'l'ch;r:'\:r;i;?ages taken during beyond-nominal operating conditions (a) GaN HEMT device (b) inductor and (c)
failure. Therefore, the reliability of power converters should be given priority in the * Figure 5 illustrates the GaN HEMT losses and the discrepancy in error, comparing on-
design process [3]. In this context, reliability can be defined as the ability of the resistance values from the datasheet against those derived using the method presented. Conclusions
system to perform as expected under given conditions for a specified period [4]. Figure 5 (a) highlights a rise in GaN losses attributed to an increase in on-resistance when| | Th . | ts showed that th hod used in thi J ded
Failures 'in. converte.rs not only compromise system integrity but also lead to subjected to beyond-nominal load conditions. Figure 5 (b) illustrates the error percentage, reaeliset)i(cpz::peenr?cul;ees:sttsinswaSi\c’)Vr?s tthaant :_h: zaettic?*es?ss'cezt n:;t 'S study provided more
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substantial increases in the overall cost of these systems. V\{Ith losses differing by 7A.at nominal load a:md nearing I !A at beyond-n0|.11.|nal Ioa::l. + The power losses in GaN HEMT and SiC Schottky diode reveal a notable increase,
Problem Statement * Figure 6 shows that there is an observed | 1% difference in T; under conditions 307% above accompanied by a significant increase in junction temperatures. With amplifying load,

nominal, compared to a 6.5% difference at nominal operation.

* Studying converters that operate beyond their designed limits is pivotal to preparing losses increase due to an increase in Rpson ,and T} rises as well.

for inevitable damaged conditions and enabling the system to continue at near full
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05 * The diode Tj, calculated from the thermal network, shows that it reached its

capacity. maximum thermal rating at a 6.5 A load, eventually leading to its failure at 7 A.
: . .. : . S N | * The important precursors for degradation, such as changes in Rpg,, in the
* Operating beyond-nominal conditions puts each component at risk of degradation. E o , , ,
. . . . . switching device and temperature stresses in other parts in converter should be
For example, inductors can saturate beyond certain current values while capacitors 3 85 dered
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may experience reduced lifetimes under extreme temperature, voltage, and current 2 , , , , , .
conditions [5] 80 - * Itis paramount to consider beyond-nominal operation scenarios when designing

converters for high-power dense applications.
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