




observed for the EPC 2047, while a significant discrepancy is noticed
for the OptiMOS 3 FD. This unexpected finding is further investigated
measuring Esw,ZCS for different dv/dt values, i.e. for different values
of the turn-on gate resistance Rg,on. The results of this analysis are
summarized in Fig. 11 and in Table V, where the measured values
of Esw,ZCS (solid) are compared with the calculated ones (dashed)
in dependency of Rg,on, for both DUT. As expected, the measured
Esw,ZCS of the EPC 2047 (red) are independent of Rg,on and validate
(5), additionally confirming the accuracy of the considered measure-
ment method. Differently, the measured Esw,ZCS of the OptiMOS 3 FD
(blue) are, for typical values of Rg,on, e.g. Rg,on ≤ 10Ω, significantly
higher than their nominal counterparts and strongly dependent on the
dv/dt values. This trend is ultimately responsible for compromising the
switching performance of the OptiMOS 3 FD, since Esw,ZCS defines
the lower boundary of the HS losses [39], i.e. k0.

The observed phenomenon originates from the internal structure of
the analyzed power semiconductor, as explained in the following.
Modern field plate or shielded gate transistors, such as the OptiMOS 3
FD, feature a three-dimensional (3D) structure able to simultaneously
reduce gate charge Qg and area-specific Rds,on values [40]–[42]. As
shown in Fig. 12(a), this 3D structure consists of a deep trench
comprising two electrodes: one is connected to the gate potential,
while the other one, i.e. the field plate, is tied to the source potential.
Whereas the gate forms a vertical MOS channel along the side face
of the mesa region between the trenches, the field plate buried within
the trench provides countercharges allowing to increase the n-doping

Fig. 11: Measured (solid and dots) and estimated (dashed) values of the
energy dissipated in one ZCS transition Esw,ZCS by the entire half-bridge
formed by either two OptiMOS 3 FD (blue), two EPC 2047 (red) or two of
the next generation Si switches (yellow) in dependency of the turn-on gate
resistance Rg,on. While the measured values of Esw,ZCS of the EPC 2047
and of the next generation Si switch are independent of the dv/dt values and
approach the results of the respective calculations, the measured Esw,ZCS of
the OptiMOS 3 FD are unexpectedly higher for low values of Rg,on, i.e. for
high dv/dt values.

TABLE V: Value of Rg,on and associated measured dv/dt and Esw,ZCS values
for the OptiMOS 3 FD Si Power MOSFET.

Power Semiconductor Rg dv/dt Esw,ZCS
Manufacturer Model (Ω) (V/ns) (µJ)

Infineon Tech. OptiMOS 3 FD

1.6 6.2 56.3

3.3 6.0 45.6

10 4.8 31.7

20 3.7 25.5

50 2.3 21.9

100 1.6 22.7

of the drift region, and hence to reduce the specific Rds,on of the
MOSFET for a given voltage rating [40]. Furthermore, the field plate
shields the gate electrode located above the drain contact and helps
to reduce the parasitic gate-drain capacitance Cgd, i.e. to increase
the switching speed while avoiding dv/dt induced parasitic turn-on
[43]. In contrast to Super-Junction (SJ) devices, the field plate is not
depleted when the transistor is in the blocking state; hence, the field
plate needs to be isolated from the surrounding Si area, e.g. through
a thick oxide able to withstand the breakdown voltage of the device.
However, the field plate structure introduces additional parasitic
elements affecting the dynamic performance of the switch; e.g., the
parasitic capacitances between the field plate and the drain Cdf and
between the field plate and the gate Cgf appear, as visible in Fig. 12.
The value of these capacitances is defined by the thickness of the
oxide between the field plate and the Si substrate and between the
field plate and the gate electrode, respectively. Moreover, since the
field plate is manufactured out of polysilicon, a non-zero resistance
Rfs between the field plate and the source is also present [40] (see
Fig. 12).
Analyzing the impedance network simplifying the internal structure
of the OptiMOS 3 FD, two intrinsic R-C snubber circuits can be
identified (see Fig. 12(b)). One is the Rfs-Cgf gate snubber that,
together with the internal gate resistance Rg, damps the ringing of the
gate-source voltage vgs during the switching transients. The other one
is the Rfs-Cdf snubber and it is designed to actively limit overvoltage
spikes occurring in HS transitions on the drain-source voltage vds.
Hence, by avoiding excessive ringing on vsw, it reduces the electro-
magnetic (EM) noise emissions.
Unfortunately, the parasitic elements introduced by the field plate
structure can as well have a negative impact on the switching losses.
In particular, when the displacement currents generated by a HS
transition cause the departing of the field plate potential from its
reference source potential, the gate-source capacitance Cgs is charged
through Cgd, as well as through the series connection of Cdf and Cgf.
With high values of dv/dt, a partial parasitic turn-on might occur as the
internal vgs approaches the gate threshold voltage. This phenomenon
is believed to cause the additional switching losses highlighted in
Fig. 11, which are consistently occurring at high dv/dt values.
Consequently, in the manufacturing process of field plate MOSFETs,
there is a trade-off between avoiding overvoltages and excessive
ringing of vgs and vds, and reducing the switching losses. Whereas
the OptiMOS 3 FD is optimized for the former to enable quiet EM
operation of HS converter systems, the next generation 200 V tran-
sistors are optimized for the latter, i.e. towards the lowest switching

Fig. 12: (a) Cross section of a field plate transistor, similar to the one of
the OptiMOS 3 FD; the parasitic components originating from the internal
structure of the device are shown according to their physical origin. (b)
Circuit schematic of the parasitic components highlighted in (a). The parasitic
elements associated to the field plate are represented in gray.
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losses, by entirely suppressing any coupling between gate and field
plate electrodes, and by having a quasi-zero impedance connection
between the field plate and the source.

To conclude this analysis, research samples belonging to the next
generation of 200 V transistors are analyzed for the same conditions
used for the OptiMOS 3 FD, and the measured (solid and dots)
and calculated (dashed) values of Esw,ZCS are also shown in Fig. 11
(yellow) for comparison. Supporting the previous explanation, the
measured values of Esw,ZCS of the next generation switches are
independent of Rg,on, i.e. of the dv/dt values; hence, significantly
enhanced switching performance are expected.

VII. POWER CONVERTER CASE STUDY

The conduction, thermal and switching characteristics of the DUT,
i.e., the OptiMOS 3 FD Si Power MOSFET and the EPC 2047
GaN e-FET, are separately evaluated in Sections III, IV and V.
These experimental results are combined herein to determine the
performance limits of a basic power converter in dependency of the
devices selected for the realization of its power stage (see Fig. 4 and
Fig. 5). Additionally, since this converter can be considered as part of
a more complex system, e.g. of a three-phase inverter, of a modular
multi-phase inverter or of a multi-level inverter (cf. the gray area in
Fig. 2(a)), the obtained results can be generalized. The ultimate goal
of this analysis is to quantify the expected superiority of GaN 200 V
over Si 200 V power semiconductors and to identify the bottlenecks
limiting further performance improvements.

A. Converter Specifications and Loss Models

Since DC/AC power converters are of most interest in the mentioned
application areas, a HS half-bridge operated as single-phase inverter,
which is identified as the fundamental building block of several
M/ML inverter topologies (see Fig. 2(a)), is considered in this
analysis. As a performance metric, the efficiency of the half-bridge η
is calculated as a function of the switching frequency fsw and of the
RMS value of the output current Io,RMS. The calculations consider all
the aspects mentioned in the previous sections, in particular:

• Conduction Performance: the conduction losses Pcond are calculated
as Rds,onI

2
o,RMS with a sinusoidal output current io. The dependence

of Rds,on on Tj (see Fig. 6) is considered for both DUT. Addition-
ally, the dynamic Rds,on phenomenon is taken into account for the
EPC 2047 [25].

• Thermal Performance: Tj is iteratively determined according to
the measurement results presented in Fig. 7 and Table II, and
accounted for in the calculation of Pcond, given the dependency
of Rds,on with Tj (see Fig. 6). The maximum Tj is fixed at
Tj,MAX = 100 ◦C and Ths = 50 ◦C is considered, similar to the
specifications given in [44].

• Switching Performance: the switching losses Psw are calculated
according to Fig. 10(a) and Table IV, i.e. only the HS losses
are considered (the ZVS losses are neglected). In particular, an
appropriate value of Isw is selected for each switching period
from the sampling of io (the current ripple is neglected); thus,
Esw is calculated according to (4) per each switching period and
all contributions in one AC output period are summed. Finally,
the total switching energy is multiplied with the output frequency,
determining Psw.

For consistency with Section V, the DC input voltage is Vdc = 120 V
and the modulation index m is fixed to m = 2 v̂o/Vdc = 1, where v̂o

indicates the peak value of the sinusoidal output voltage vo. Hence,

the output power Po = Vdc/2
√

2 Io,RMS ≈ 42 Io,RMS is considered to
calculate η = 1− (Psw+Pcond)/Po. Io,RMS is varied in the few tens of
A range, resulting in values of Po of up to approximately 1 kW,
apparently lower than the output power requirements of DC/AC
converters in the application areas of interest. However, if three- (or
more) phase M/ML inverters are considered, the overall output power
is obtained, in first approximation, multiplying Po by the number of
phases, the number of levels and/or the number of modules forming
the converter, thus reaching several kW or few tens of kW. For
example, considering Vdc = 480 V for a three-phase five-level FCC
(see Fig. 2(a)), already Io,RMS = 10 A, i.e. Po = 420 W, translates
into an output power rating of 3 · 4 ·Po = 5 kW. Additionally, more
than one DUT can be connected in parallel to realize each switch
forming the bridge-leg, but this option is not considered herein for
the sake of simplicity.

B. Calculation Results

The results of the analysis introduced above are shown in Fig. 13,
where the calculated values of η are plotted in dependency of fsw and
Io,RMS, for both DUT. The white areas in the plots indicate operating
regions beyond the thermal limit of the half-bridge, and thus highlight
how the superior thermal performance of the OptiMOS 3 FD enable
higher values of Io,RMS, and hence Po, for a given fsw, with respect
to the EPC 2047 (cf. Fig. 13(a) and Fig. 13(b)). From an efficiency
point of view, instead, the EPC 2047 outperforms the OptiMOS 3
FD in the whole operating region where the GaN design is thermally

Fig. 13: Efficiency η of the HS half-bridge formed by either (a) two OptiMOS
3 FD Si Power MOSFETs or two (b) EPC 2047 GaN e-FETs, in dependency
of fsw and of the RMS value of the output current Io,RMS.

TABLE VI: Maximum switching frequency fmax
sw achievable by the HS half-

bridge formed by either two OptiMOS 3 FD Si Power MOSFETs or two EPC
2047 GaN e-FETs, for different values of Po and η.

Power Semiconductor f max
sw @ Po = 250 W

Manufacturer Model η = 99 % η = 98 % η = 97 %

Infineon Tech. OptiMOS 3 FD 35 kHz 77 kHz 119 kHz

EPC Co. EPC 2047 130 kHz 299 kHz −

Power Semiconductor f max
sw @ Po = 500 W

Manufacturer Model η = 99 % η = 98 % η = 97 %

Infineon Tech. OptiMOS 3 FD 38 kHz 97 kHz 156 kHz

EPC Co. EPC 2047 73 kHz − −
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feasible, mostly because of its lower switching losses (see Fig. 10(a)).
The latter statement is confirmed in Table VI, where the maximum
achievable switching frequencies fmax

sw are listed for different values
of Po and η, for both DUT.
In Fig. 13 and Table VI, it can be additionally observed how the
half-bridge performance estimated through the FoM (see Fig. 1) are
confirmed, at least in relative terms. In fact, approximately a 3 times
higher fmax

sw can be achieved for the same η and Po by the EPC
2047, with respect to the OptiMOS 3 FD, as expected from Table I
[11]. However, the FoM approach neglects several aspects with a
strong impact on the converter design, e.g. the thermal limit of the
half-bridge. In a first step, a factor considering the typical Rth,j-hs

value of the power semiconductors could be included in their FoM
to account for their thermal characteristics, thus providing a more
accurate insight on the converter performance limits.
Continuing with the analysis of Table VI, it can be observed how, e.g.
for Po = 500 W, the Si-based design achieves higher values of fsw

than the GaN-based design, however, at the expense of lower η. As
well, the opposite variation of fmax

sw for increasing Po characterizing
the two DUT, i.e. an increasing fmax

sw for the OptiMOS 3 FD and
a decreasing fmax

sw for the EPC 2047, indicates significantly different
values of optimum Po in the two cases. In other words, even if the two
characterized power semiconductors have comparable Rds,on values
and the EPC 2047 generally ensures better switching performance,
the packaging of the OptiMOS 3 FD allows it to remain competitive
for higher power applications.
Nevertheless, in a comprehensive multi-objective optimization proce-
dure, also the chip area should be considered as a design parameter;
i.e., η should be evaluated for several EPC 2047 connected in parallel
(i.e. for a larger chip area) in order to increase the power rating of
the GaN-based solution, and for Si Power MOSFETs with a smaller
chip area, since higher Rds,on and lower Qoss values could enhance the
performance of the Si-based design at low Po and high fsw values.

To conclude, the impact of fmax
sw on the volumetric power density of

the considered single-phase inverter can be qualitatively estimated.
First, the output inductor Lo can be designed according to

Lo =
Vdc d(1− d)

∆Io,pkpk fmax
sw
≥ Vdc

4 kripple
√

2Io,RMS fmax
sw

, (6)

where ∆Io,pkpk indicates the peak-to-peak ripple of io, and kripple is
defined as

∆Io,pkpk = kripple
√

2Io,RMS. (7)

Considering kripple = 0.3, Po = 500 W (Io,RMS = 11.8 A) and the
values of fmax

sw associated to η = 99 % (see Table VI) as an example,
Lo = 158 µH and 82 µH are obtained for the Si- and GaN-based
designs, respectively. The reduction by factor 1.9 in the value of
Lo is directly related, i.e. inversely proportional, to the increase of
fmax

sw achieved by the EPC 2047. Moreover, since the volume of an
inductor can be assumed proportional to its inductance value for
a given current rating [45], a factor 1.9 more compact design of
Lo is expected in this case. Finally, since the same value of η is
considered for both designs, comparable heat sink volumes can be
assumed, hence leading to the GaN-based solution having a higher
power density than its Si-based counterpart.

C. Sensitivity Analysis

Figs. 14(i-v) summarize the sensitivity of the results shown in Fig. 13
with respect to the parameters defining the conduction (i)-(ii), thermal
(iii)-(iv) and switching (v) performance of the DUT [46]. Only one

Fig. 14: Sensitivity analysis of η of the HS half-bridge formed by either
(a) two OptiMOS 3 FD Si Power MOSFETs or two (b) EPC 2047 GaN e-
FETs, in dependency of fsw and of Io,RMS, for different perturbations of the
parameters defining the conduction (i)-(ii), thermal (iii)-(iv) and switching (v)
performance of the DUT. The thermal limit (black, dashed) and η = 99 %
(red, dashed) curves of the reference designs (see Fig. 13) are reported in the
corresponding plots for comparison.

parameter at a time is modified while the others are kept constant;
thus, the limit values of η, fsw and Io,RMS are analyzed in order to
understand which characteristics of each DUT constitute the major
bottleneck for the performance of the power stage, i.e. which key
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factors should preferably be improved at the device level by the
semiconductor manufacturers. In particular, the maximum achievable
switching frequency fηsw for a given η, the maximum achievable
output power P fsw

o for a given fsw and the maximum achievable
switching frequency fPo

sw for a given Po are compared.
The most relevant observations, focusing on the η, Po and fsw values
of interest, are commented in the following:

(i) Halving the value of Rds,on enhances the performance of both
solutions, offering higher η at low fsw and high Io,RMS values.
However, already at fsw = 100 kHz, the improvement in terms
of P fsw

o is almost negligible for both DUT. The reduction of
conduction losses provides more room for switching losses;
hence, both fηsw and fPo

sw increase. The effect on fPo
sw is stronger on

the EPC 2047, since the conduction losses generally dominate
its loss breakdown, particularly for low values of fsw.

(ii) Eliminating the dynamic Rds,on phenomenon by setting kdyn = 0
has only a small effect on the EPC 2047.

(iii) An increase of the allowed junction temperature Tj,MAX from
100 ◦C to 150 ◦C does not influence η but extends the operating
range of both designs. Since more conduction losses are allowed
for the same fsw, P fsw

o increases in both cases. More significantly,
since more switching losses are allowed for the same Po, fPo

sw

doubles for the OptiMOS 3 FD and triplicates for the EPC 2047
if, e.g., Po = 500 W is considered.

(iv) Decreasing Rth,j-hs has a similar effect as increasing Tj,MAX. In
addition, the associated reduction of Tj, i.e. of Rds,on, slightly
improves η for every operating point. With the considered
perturbation of parameters, Rth,j-hs has the strongest influence
on P fsw

o and fPo
sw , both for the OptiMOS 3 FD and for the EPC

2047.

(v) A reduction of Qoss is of particular interest for high efficiency
applications. For instance, considering η = 99 %, halving Qoss

translates into approximately a 50 % increase in fηsw for both
DUT, i.e. Qoss is the parameter with the strongest influence on
fηsw. Differently from (i), the effect on fPo

sw is more evident on
the OptiMOS 3 FD, which suffers mostly from the switching
losses.

Summarizing the results of this sensitivity analysis, it can be
concluded that, to realize high efficiency and high power density
converters at the considered voltage level and power ratings, an
improvement in the switching performance is the most desirable;
however, the thermal characteristics are the factor limiting a further
increase of switching frequency and/or of output power rating. In
particular, mainly the value of Qoss defines η for high values of fsw,
while the value of Rth,j-hs limits the safe operating area, i.e. Po.

VIII. CONCLUSION

Virtual prototyping and multi-objective optimization procedures of
modular and/or multi-level (M/ML) power converters support the
aerospace, EV and renewable energy industries in meeting more
and more demanding requirements in terms of efficiency and vol-
umetric/gravimetric power density. These approaches strongly rely
on accurate models of the power stage performance, which allow
to identify the performance limits, and support the perfection of the
design, of power converters.
Accordingly, silicon (Si) and gallium nitride (GaN) power semi-
conductors with 200 V blocking voltage capability and the lowest
value of on-state resistance Rds,on currently available in the market

are experimentally characterized in this paper. These devices, i.e.
the OptiMOS 3 Fast Diode (FD) Si Power MOSFET [22] and the
EPC 2047 GaN e-FET [23], are identified as the best candidates for
realizing efficient and compact M/ML inverters in the application
areas of interest.
The conduction performance of both DUT (excluding the dynamic
Rds,on phenomenon of the GaN e-FET) are comparable and are in
good agreement with the information provided in the respective
datasheets. From the thermal point of view, given the better thermal
conductivity of its package, the Si MOSFET is able to dissipate 5
times more power than the GaN e-FET for the same case temperature.
On the other hand, the GaN e-FET offers from 3 to 6 times lower
switching losses, mostly originating from its smaller parasitic output
capacitance value, which results in higher voltage switching speeds.
Additionally, an undesired switching behavior of the considered Si
MOSFET is observed; after analyzing the internal structure of the
device, this lossy phenomenon is clarified and proven to be eliminated
in research samples of next generation Si devices, which are also
analyzed experimentally.
Two different transient calorimetric switching loss measurement
methods are considered to accurately measure the switching losses
of the DUT; one of them is proposed in this paper and offers very
short measurement times in the order of a few seconds.
In the last section, the described experimental results are combined
in the performance analysis of a hard switching half-bridge operated
as single-phase inverter, enabling a comparison of the two DUT
in a real converter application. Additionally, a sensitivity analysis
is performed to separately evaluate the influence of the different
device parameters on the overall converter performance: a reduction
of the parasitic output charge has the most significant impact on
the converter efficiency at switching frequencies above 100 kHz,
whereas better cooling performance increase the converter output
power rating. In general, considering a typical switching frequency
of modern hard switching topologies, i.e. 140 kHz, the Si-based
(OptiMOS 3 FD) half-bridge offers higher power ratings (500 W)
with lower efficiencies (97 %), while, at the contrary, the GaN-based
(EPC 2047) design, ensures ultra-high efficiencies (99 %), but at
lower power ratings (250 W).

APPENDIX

CALORIMETRIC SWITCHING LOSS MEASUREMENT METHODS

A brief overview of the different calorimetric switching loss mea-
surement methods recently proposed in literature is presented in
this Appendix, before providing more details on the novel ultra-fast
Tc-based transient calorimetric measurement method introduced in
Section V-B.

A. State-of-the-Art

The most widely adopted approach to measure the switching losses
of a power device is the Double Pulse Test (DPT) [47], [48]. This
method is defined electric, since it relies on the measurement of
electrical quantities, i.e., of the voltage across and of the current
through a switch, to calculate the energy dissipated in a switching
transition. The measurement accuracy of electric methods is generally
defined by the performance, e.g. in terms of bandwidth and intru-
siveness, of the selected voltage and current probes. Accordingly,
the high switching speeds of WBG semiconductors are limiting the
applicability of these methods, and motivated, in the recent years,
the need to investigate alternative electric [49], [50], as well as
calorimetric, switching loss measurement methods. The latter are
based on the observation of thermal quantities [32]–[38], [51]–[55],
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and are thus typically independent from the electric characteristics of
the analyzed devices. Generally, calorimetric measurement methods
can be divided into two subcategories, i.e., steady-state methods
and transient methods. In steady-state methods [32], [51]–[54],
the setup is continuously operated until the thermal steady-state is
reached and, only then, the occurring losses are determined from
the observation of specific temperature values. Differently, transient
methods [33]–[38], [55] analyze the thermal dynamics of the system,
e.g. its thermal step response after turn-on, and, at the expense of
slightly increased complexity, offer reduced measurement times and
comparable accuracies [35], [37], [38].

B. Advanced Analysis of the Novel Ultra-Fast Tc-based Transient
Calorimetric Measurement Method

1) Thermal Model: The system of ODEs describing the evolution of
Tc over time in thermal model shown in Fig. 8(c) is

Ṫc,h

Ṫc,l

 =


− Rth,h +Rth,m

Cth,h Rth,h Rth,m

1

Cth,h Rth,m

1

Cth,l Rth,m
− Rth,l +Rth,m

Cth,l Rth,l Rth,m


Tc,h

Tc,l

 +


PT,h

Cth,h

PT,l

Cth,l


Ṫhs = −PT,h + PT,l

Cth,hs
. (8)

Solving (8) for Tc,h and Tc,l provides the expressions necessary to
estimate the values of PT,h and PT,l, as described in Section V-B.

2) Comparison: As anticipated, several advantages are introduced
by this approach compared with the Ths-based method. First, PT,h

and PT,l can be, in this case, estimated separately, since both Tc,h

and Tc,l (rather than only Ths) are measured. This possibility can be
exploited when the loss distribution between Th and Tl is asymmetric;
however, if e.g. PT,h � PT,l, an excessive coupling between Tc,h and
Tc,l can negatively affect the measurement accuracy of the individual
semiconductor losses. Second, and most important, the measurement
time is conveniently reduced to a few seconds, i.e. to the time
sufficient to capture the transient behavior of Tc.
To maintain a high measurement resolution with shorter measurement
times, the high frame rate (up to hundreds of frames-per-second)
high resolution infrared thermo-camera [56] shown in Fig. 9(a) is
used to measure Tc,h and Tc,l. In particular the camera measures
the average temperature of specified areas, e.g. coinciding with
the package of Th and Tl. Accordingly, there is no inaccuracy of
the temperature measurement due to electro-magnetic coupling, as
could occur with thermocouples or dedicated ICs [38]. In principle,
any temperature measurement device can be used, however, an
excessively large sampling time inevitably penalizes the measurement
accuracy. Finally, no additional component, e.g. no customized heat
sink, must be necessarily installed on the power circuit to perform
the measurements. Hence, this switching loss measurement method
can be more easily applied to existing power converters, as far as the
DUT are visible/reachable from the outside.

The accuracy of this approach in the considered measurement setup
(Fig. 9(a)) is verified for all operating points of interest, i.e. approxi-
mately 0 W ≤ PT,h < 15 W and 0 W ≤ PT,l < 15 W, by comparing
the estimated values of PT,tot, PT,h and PT,l to a reference electrical
measurement. The comparison is performed in DC conditions, such
that constant PT,h and PT,l, generated from a power source, can be
accurately measured with precision multimeters. The obtained relative
error, both on the total power eP,T,tot and on the individual ones eP,T,h

and eP,T,l, are plotted in absolute values in Fig. 15. It can be observed

Fig. 15: Absolute value of the relative error of the Tc-based transient
calorimetric loss measurement method on the estimation of PT,tot, i.e., eP,T,tot,
and of PT,h and PT,l, i.e., eP,T,h and eP,T,l, in dependency of PT,h and PT,l
(approximately 0 W ≤ PT,h < 15 W and 0 W ≤ PT,h < 15 W). The
measurement accuracy is considered satisfactory, since eP,T,tot is limited below
3 % for all calibrated cases.

that eP,T,tot is limited below 3 % (0.8 % on average), while the average
eP,T,h and eP,T,l are 2.3 % and 2.0 %, respectively.
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