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Abstract — Calorimetric measurement methods allowed to
investigate power losses for high frequency and high-
efficiency power electronics components and systems, where
electrical methods reach their limits. In the present work, a
special calorimetric method based on radiation heat transfer
between the device under test and the measuring cell is used
for power loss measurements of electrical resistance, a fly-
back converter, a self-inductance, and a film capacitor for
illustration. The aim is to highlight our device's
experimental performance, for which the accuracy is close
to 2% for a measurable power loss higher than 100 mW.

Keywords — Calorimeter, dielectric loss, heat radiation,
measurement, power l0ss.

I. INTRODUCTION

Power electronics components are used in a wide
range of applications [1]. These components are subjected to
significant thermal stresses in operating conditions due to
heat losses by conduction and switching. Other specific
phenomena such as hysteresis in ferromagnetic materials,
dielectric polarization, and partial discharges can cause these
losses. The thermal gradients exposed to repetitive thermo-
mechanical stresses affect electrical components' lifetime
characteristics [2]. Regarding standards requirements to
ensure reliable operation conditions and safety, accurate
estimates of power losses have become substantial for proper
thermal management [3]. Recent advances toward integration
and higher operating frequencies in power electronics
systems have even increased the design process's important
to assess system performance and optimize design
characteristics [4].

Power loss estimates by analytical and numerical
modeling are particularly interesting. However, the model's
validation often requires comparisons with accurate
experimental measurements, mostly when the loss
mechanisms are nonlinear.

Evaluation of low power loss is a challenge with high-
efficiency electrical components and high frequency [5, 6].

Two sorts of power loss measurement techniques exist
the electrical and calorimetric measurement methods. The

HSE)

interest in electrical methods is well known. However, these
methods are no longer suitable for high-frequency signals
and highly distorted signals, such as pulse width modulation
in which high variations of current and voltage are
encountered.

The calorimetric principle is considered the most
promising method for accurate power loss measurements [7—
14]. This method has the advantage of measuring power
losses under normal operating conditions, and it is also
independent of electrical quantities supplying the device
under test (DUT). Disadvantages are that the measurement is
usually performed in steady-state, and therefore it is time-
consuming.

Different calorimetric methods are known today,
which are either based on adiabatic [5, 7, 15, 16],
isoperibolic or quasi-adiabatic [17-23], isothermal [24, 25],
or heat flow [26] principles have been widely used in power
electronics to measure power losses of magnetic components,
capacitors, switching semiconductors, superconductors,
power converters and electrical machines [4]. Most of these
methods show remarkable accuracies, as seen in TABLE |
giving the main ones.

However, it can be seen (TABLE 1) that these
calorimeters still present some limitations in measurable
power loss range, frequency, temperature, applied voltage, or
the tested component geometry as highlighted in [27].
Particularly measurements of a few tens of milliwatts to
several watts in a relatively wide range of temperature
remain challenging.

To improve some of the disadvantages observed in
recent calorimeters for specific research applications, mostly
the temperature range, we designed from analytical modeling
[28] and implemented an original thermal radiation
calorimeter. Our calorimeter's originality is based on the fact
that heat transfer between a measuring cell and a DUT is
achieved by radiation.

The radiation calorimeter has been designed for
operating Temperatures ranging from —-50 °C to 150 °C with
applied voltage up to 3 kV rms and frequency up to 1 MHz.
The characterization of power loss is achieved regardless of
the DUT geometry with a minimum measurable heat power
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loss of 15 mW. These features and the temperature and the
frequency ranges are defined to investigate heat loss in the
power converter and dielectric materials. More details about
the calorimeter and its theoretical performance have already
been described [27-29].

In the present work, we propose using our calorimetric
method to measure power losses with an electrical resistor, a
fly-back converter, a self-inductance for loss separation, and
a film capacitor. The aim here is to illustrate the
experimental behavior and the global accuracy of our I. R.
calorimetric method devoted to low loss measurements with
these simple cases.

TABLE 1. Main characteristics of current calorimeters
applied in electrical engineering measurements, R.T.
stands for Room Temperature

Measurements range
Type of
calorimeter Tem?’ecr?ture Fre(ql_lrze)ncy Loss (W) | Accuracy
[5] 20to 70 - 02tol >10% @
o [6] RT to 80 0to1.3M 0.8 to 30 2%
s [11] 01to 90 - 10 to 90 3%
S| [13] RT - 74 to 200 <1%
S [14] - - 11030 >9%
[15] 20to 80 - 10 to 100 <4%
[16] RT to 80 - 1to 50 5.9%W
o 07 RT - 1tolk 0.7%
= [19] RT - uptolk 2%
2 [ [20] RT - 1t013k 5%
S| [21] RT 100 k ~0.4 > 10%
3| [22] RT - 2.68 5%
[23] RT ~200 k 20 to 40 15%
<
El
e -50 to 100 10%to 10° 10%to 10 1.5%
= [25]
g
= | [26] RT - <50 18%®
Q
I

(1) at T=30 °C and P=1W, (2) at 0.4 W, (3) at T=50 °C and P= 1W. k =
1000.

Il. CALORIMETRIC DEVICE

The radiation calorimeter has been designed and
implemented to characterize power losses in materials and
devices under electrical constraints (Fig 1). In this
calorimeter, heat power losses between the DUT and the
isothermal calorimetric block (measuring cell) are achieved
by infrared radiation.

The measuring cell is shown in Fig. 2, and it is made in
two half copper spheres with an external diameter of 200
mm and 10 mm thickness. These dimensions were largely
influenced by the calorimeter developed in [24]. The

copper used here is the Oxygen Free High Conductivity
type (OFHC) with 392.3 W/(m K) thermal conductivity
and 389.4 J/(kg K) specific heat capacity at 300 K. [30].
The measuring cell's geometry, thickness, and
manufacturing material are selected to achieve an
isothermal body. This is why the contact section between
the half spheres has also been optimized.

The half-spheres are assembled by a system of eight
screw—nuts to minimize the thermal contact resistance
between them. Their external surface has been polished
and golden (Fig. 2) to lower their thermal emissivity. This
favors the cell's temperature homogenization since heat
transfer by radiation is lowered outside, and the gilding
ensures the cell's protection against oxidation.

1% stape: DUT switched off

2 stape: DUT switched on

Cryotank Cryotank
Radiation
PO Pl

_ Controller DUT
switched off /switched on

Heater

element L Heat exchange

by radiation

Measuring cell controlled in temperature

Fig. 1. Overview of our new calorimetric setup and
representation of its measurement principle (differential
method). The calorimeter is equipped with a liquid
nitrogen tank that loses about 0.4 I/h (= 18 W) of liquid
nitrogen by evaporation when the measuring cell is
controlled at 30 °C with 21 °C ambient temperature.
Heat power required by the controller to set 30 °C on the
measuring cell is about 3 W. Measurements are
performed in the calorimetric enclosure exhausted at 10~
® mbar. The enclosure time of the enclosure to reach the
indicated pressure is about 12 h. The stabilization of the
calorimetric system's temperature (steady-state thermal
regime) is about 48 h, after which measurements can
start.
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Fig. 2. Constitution of the measuring cell. The external surface
is polished and golden, while the internal surface is rough and
coated with Nextel — velvet coating 811 — 21® black paint. Six
cylindrical Pt100 sensors (F1, F2, F3, M1 M2, and M3) are
introduced in holes drilled in the measuring cell thickness and
glued.

However, the internal surfaces are rough and coated by
Nextel® Velvet Coating 811-21 black paint having 0.97
normal emissivities. The latter is temperature independent
[31], and it is almost stable when the wavelength ranges
from O pm to 15 pm [32]. The aim here is to approach the
black body characteristics.

Cylindrical Pt100 probes control the measuring cell
temperature. To assess the measuring cell's thermal
homogeneity, three sensors noted F1, F2 and F3 are located
on the fixed half-sphere (Fig. 2) and three others M1, M2,
and M3 removable half sphere. However, temperature
management is carried out only by one of these sensors
(F2). The tolerance class of our sensors is 1/3 DIN B,
according to EN 60 751 standards with a resolution of
0.001 °C [33]. These probes' characteristics and the
measuring cell pre-test characterizations are highlighted in
[27-29].

The calorimeter allows thus to handle the DUT in an
isothermal controlled environment. The device's accuracy
is better than 2% when a dissipated heat power measured is
higher than 100 mW [27]. The maximum heat power loss
measurable is about 10 W when the measuring cell
temperature set point is 100 °C (table 2), and the
measurement time does not exceed 180 min.

During measurements, heat power dissipated by the
DUT is deducted from a differential method. In steady-
state thermal condition, one measures the heat power PO
supplied by the temperature controller to the measuring
cell when switched off (DUT off). One measures the heat
power P; supplied by the controller when the tested
component is energized (DUT on). The power losses
dissipated by the sample noted P is given by (1)

P =Po—-Pi1+ AP (D)
The quantity AP stands for the physical measurement
error due to current leads and the variation of the heat
power exchanged by the measuring cell with surrounding
objects. The influence of ambient temperature is seen
negligible [28] (almost stable external temperature).
Therefore heat power exchanged between the measuring
cell and surrounding objects is mainly influenced by the
status change of the DUT (i.e., DUT off and DUT on)
when Py and P; are measured and by the change of the
cryotank temperature. Finally, it should be noted that the
Temperature of the DUT is necessarily higher than that of
the measuring cell (DUT on) and is not measurable in the
calorimeter. However, the temperature difference between
the measuring cell and the DUT noted AT remains lower
than 5 K in theory when the tested device's thermal
emissivity is above 0.5 [28]. For the tested sample's critical
case with low thermal emissivity, it is possible to increase
this latter by using the Nextel velvet coating 811-21®
black paint.
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Fig. 3 shows the stability of both the heat power
supplied to the measuring cell by the temperature
controller and the liquid nitrogen tank (cryotank) versus
time. This allows highlighting the disturbances produced
during the temperature regulation.

TABLE 2. Characteristics of the radiation calorimetric device

Measurement Absolute Temperature Threshold:
range error range Voltage /
frequency
15 mW to 10 W 2 mW for -50 °C to 150 3kv/1
100 mwW °C MHz
power loss

One can observe that the cryotank refilling (i.e., each 12
h although its autonomy is 24 h) affects the heat power
supplied by the temperature controller of about 30 mW and
leads to a temperature change cryotank of about 0.15 °C.
Note that the disturbances of the liquid nitrogen refilling on
the heat power supplied are cycling with a period of about
12 h. The cryotank refilling leads to additional cooling of
the calorimeter and then the measuring cell. The
temperature controller reacts to this disturbance by
increasing the heat power supply of about 7.5 mW/h for
about two hours to maintain the measuring cell temperature
setpoint. After this period, the controller heat power supply
starts to decrease linearly (5 mW/h slope) during six hours
because of the reheating of the cryotank caused by nitrogen
evaporation. The decrease phase is followed by a relatively
slow increase period (1 mW/h slope during four hours).

Therefore, the nitrogen refilling should lead to an error
of about 10 mW (1%) for a heat power loss of 1 W in the
controller heat power decrease phase, with a measurement
duration of 2 h (worse case). And this error should be
about 10% for 100 mW power loss and 33% for 15 mW (1
h measurement duration).

However, the calorimeter's calibration has been carried
out regardless of the influence of the measuring cell
external current leads because of their thermalization and
the low thermal emissivity of the external surface of the
cell. The tested component used for the calibration is a
wire — wounded resistor of constantan of 1047.2 Q at 20 °C
[27, 29]. The copper current leads inside the measuring cell
are 1 mm? cross-section and 10 cm in length, and the
maximum current supplying the resistor is lower than 50
mA. Therefore the heat losses due to current leads inside
the measuring cell are negligible (lower than 10 pW).

As a result, a power loss of 14 mW has been measured
with an accuracy better than 12%. This accuracy is better
than 2% for heat power losses higher than 100 mwW [29].
These measurements are performed exclusively from the
decrease phase after the cryotank refilling (2 h after the
refilling).

Therefore the calibration of the calorimeter shows an

accuracy better than that expected. Note that the quantity
Po (DUT off) is measured during each cycle of refilling to
reduce this latter's influence on measurement accuracy. At
the same time, P1 (DUT on) is measurement just when the
measuring cell temperature reached the setpoint again.

However, to limit the influence of the cryotank refilling
on the controller heat power supply for better measurement
accuracy completely, a continuous filling of the tank is
needed. Such a method should need more sophisticated
equipment.

35 -168,4
P calorimeter [W] . R -168,5
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Fig. 3. Change in the heat power supplied by the
controller to set the measuring cell at 30 °C and the
temperature of this cell versus time and cryotank
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Fig. 4. The time response of the controller heat power
supplied to the measuring cell regulated at 30 °C and the
temperature of this latter versus time during the change

in the status of the DUT from ""DUT on" to ""DUT off.”

Fig 4 gives the change in the heat power supplied by the
controller to the measuring cell and the latter's temperature
as a function of time just before and after the DUT was
switched off. This graph allows us to see the accuracy and
response time of the temperature controller. Thus one can
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note that a time interval of 2 hours between the "DUT on"
and "DUT off" is enough to measure 2.7 W of heat power
loss. As observed in Fig 4, the measuring cell temperature
controlled by F2 (Fig 2) is within = 4 10~ 4 °C.
Measurements duration being strongly dependent on the
dissipated heat power loss increases with the increase of
power loss and conversely.

The frequency is an important parameter for various
applications; therefore, our calorimeter device has been
designed to investigate the DUT with frequency ranging
from 0 to 1 MHz. The limitation in frequency here depends
only on the current leadership characteristics, which can be
adapted to the measurement conditions. Note that the BNC
adapter mounted on the measuring cell for the DUT power
supply is used up to 5 MHz.

I11. PRESENTATION OF TESTED COMPONENTS

We have chosen to study different components that are
very well-known in the design of electronic power systems
and for their ability to measure losses with different devices
under the same experimental conditions.

A. Electrical resistance

Six-wire wounded resistors to make the electrical
resistance of 500 Q (£ 1%), 4 W connected in parallel and
equivalent to a resistance of 71.6 Q at ambient temperature
(23 °C) and that the copper loss is about 2 W under 12 V, DC
applied voltage. The thermal stability of the component is
600/7 ppm/°C (i.e., 4 mQ for a AT =40 °C).

B. Fly-back converter

The device under test used for power loss estimation is a
static converter based on a flyback topology (SW02112
provided by SWITCHY) (Fig. 5.). It is used in strongly
thermal constraints environments with an applied A.C.
voltage and a frequency ranging respectively from 65 V to
265 V (rms) and 47 to 440 Hz. The converter's D.C. output
voltage is 12 V with a rated current of 167 mA when the load
resistance is 71.6 Q.

D1A D3

D2/ D4

Fig. 5. Schematic diagram (without D.C. voltage
controller system) and photography of the SW02112
encapsulated in a resin

C. Self — inductance and capacitor

We investigated distinctly and successively two types of
self-inductance and a capacitor, all of them connected in
series according to Fig. 6. The power supply is achieved by a
half-bridge converter in which the output voltage is 150 V
and variable with the frequency. The duty cycle is adjusted to
maintain a triangular signal of current as close as possible to
1Arms.

Fig. 6. Schematic diagram used for the investigation of
the power loss in toroidal inductance with soft iron core.
Power losses measurements by calorimeter is performed
on each of these components: L =30 pH, Lo =0.5 pH, C

=30 pF, Vmuid.c.=150 V, I = lrms =1 A4

The self-inductances are made with 21 whorls of Litz wire
(50 strands of 0.355 mm diameter) of 4.95 mm? equivalent
cross-section. The whorls are coiled around: a toroidal soft
iron core of type Magnetics High Flux, 125, C058906A2
(Lf = 78 pH) or a dry wood core (Lo = 0.5 pH). The cores
with the same geometric characteristics are made with 221
mm? cross-section, 79 mm external diameter, 48 mm internal
diameter, and 17 mm height. The wood core allows the
measurements of “copper loss exclusively" in inductance for
loss separation (Fig. 6).

The capacitor (CDE UNL4W30K-F) is of dry coiled
topology (C = 30 uF) based on the metalized polypropylene
(P.P.) with low loss (ESR = 6 mQ at 100 kHz/ 25 °C).

IV. RESULTS AND DISCUSSION

A. Stability and accuracy of measurements versus time and
temperature

Fig 7 represents the quantity Po — P as a function of time
measured at different imposed measuring cell temperatures:
20 °C and 40 °C. The component investigated here is the
electrical resistance of 71.6 Q for which the thermal drift
between 20 °C and 40 °C is negligible.

One can observe that the calorimeter's power loss is equal
to 1.982 W when the measuring cell is set at 40 °C. This
power loss is 1.45% lower than what the wattmeter
measured. The wattmeter used for our power loss
measurement is the Chauvin Arnoux C.A. 405 type with
2.5% and 1% accuracies respectively for D.C. and A.C.
Therefore, the result obtained here (Fig 7) is faithful with the
accuracy of the calorimeter, the typical error being 2%. For
fewer than two hours, it is observed that power loss is almost
stable versus temperature with a precision of 0.25%.
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Nevertheless, these results allow the estimation of power
losses provided by the resistance with a precision of 1.6%.
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Fig. 7. Power losses Po — P1 of equivalent resistance of 71.6 Q as

a function of time at different measuring cell controlled
temperature of 20 °C, 40 °C

B. Power loss measurement in flyback SW02112 as the
function of A.C. applied voltage

Fig. 8 highlights the behavior of heat power losses (Po —
P1) of the loaded fly—back converter as a function of the A.C.
applied voltage when the measuring cell is set at 30 °C in
comparison with the wattmeter measurements.
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Fig. 8. Change in power loss (Po—P1) of the loaded
converter as functions of the 50 Hz applied voltage when
the measuring cell is controlled at 30 °C in comparison
with the power loss measured with a wattmeter (IES
ISW8300)

With 230 Vrus applied voltage supplying the converter
power losses measured by the calorimeter, it is 2.683 W,
while the same measurement performed with the wattmeter
has 2.65 W. In general, it is observed that power losses
measured by the calorimeter are closed to that measured by

the wattmeter, and the difference between these

measurements is lower than 0.045 W (5%).

C. Power loss measurements for a self-inductance with a
wood core versus frequency

Fig. 9 highlights the change of losses (Po — P1) of the
self-inductance with a toroidal dry wood core as a function
of the applied frequency when the measuring cell is set at 30
°C. Owing to the core material, the heat power loss measured
here is exclusively the copper loss.

The heat power losses measured show a stable
characteristic for the frequency ranging from 20 kHz to 80
kHz, and any skin effect does not appear on the
measurements. All measurements of power losses performed
in the present case are 161 mW to 142 mW.

0,25 ~
0,20 A ) I
@ [ [ I [ W
5
go15 1 o, 013 _51enadn
= 0,146 0,144 0,142 0,144 |
E0,10 I R J
o
0,05 - ~+P0-P1 (calorimeter) [W] @ 30 [°C]
0,00 T T T 1
10 30 50 70 90
f [kHz]

Fig. 9. Power loss measurements (Po — P1) in the wood
core inductance (Lo = 0.5 pH) versus applied frequency
ranging from 20 kHz to 80 kHz when the measuring cell
is controlled at 30 °C (i.e., the temperature of the tested

sample =42 °C)

The cross-section radius of the wire coiled in our self-
inductance (0.178 mm) being lower than the skin depth
(0.233 mm for 80 kHz in copper at 25 °C); the skin effect is
therefore negligible. Losses due to the proximity effect are
also insignificant because of the low number of whorls in the
coil distributed over a single layer.

The theoretical value of the D.C. resistance of our self—
inductance is 10 mQ. Therefore the expected value of losses
should be in the order of 10 mW (Irms = 1 A). The higher
quantity of losses measured highlights the importance of
connectors and current leads within the calorimeter. Indeed
connectors introduce a significant series resistance.

D. Power loss measurements for a self — inductance with a
soft iron core versus frequency

Fig. 10 shows the change in power losses (Po — P1) of a
self-inductance with a toroidal soft iron core, as a function of
the applied frequency when the measuring cell is set at 30
°C.
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Fig. 10. Fig. 10. Power loss measurements (Po — P1) in a
self — inductance with a toroidal soft iron core (L= 30
KH) versus applied frequency ranging from 20 kHz to 80
kHz when the measuring cell is controlled at 30 °C (i.e.,
the temperature of the inductance = 50 °C).

One can observe a regular increase in power losses with
frequency in all the frequency range. It is noted, therefore,
that these losses have tripled from 20 kHz to 80 kHz. They
are ranging from 715 mW to 2148 mW.
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Fig. 11. An estimate of iron losses of our self-inductance
with a toroidal soft iron core versus frequency supply
ranging from 20 kHz to 80 kHz. The measuring cell was
controlled at 30 °C, and Iron losses have been obtained
by removing the copper losses (fig. 9) to the global losses
(fig 10) and are compared with the predicted losses from
the Steinmetz model

The measurements carried out here include iron losses,
copper losses due to the self-inductance itself, and the losses
produced by the ends of the wire supplies.

Fig. 11 offers an estimate of iron losses obtained by
subtracting copper losses (Fig. 9) to the global losses
(Fig.10) of the self-inductance. The iron losses of our self-
inductance are compared to those estimated from the

Steinmetz model [34].

The Steinmetz model gives a good evaluation of the loss
level and its change. This model is less realistic when the
waveform of electrical signals is far from the sinus shape,
which is the case here since the current is triangular and
strongly non-symmetric. We cannot compare our
measurements to the theoretical results from that model;
however, we can see that the level and the change of both
cases' losses are consistent.

E. Power loss measurements for a film capacitor versus
frequency

Fig. 12 emphasizes the power losses change (Po — P1) of
a film capacitor versus the applied frequency when the
measuring cell is set at 30 °C.

One can observe that the measured losses increase by
about 40% from 20 kHz to 80 kHz. These losses are ranging
from 174 mW to 244 mW.
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Fig. 12. Power loss measurements (PO — P1) in a film
capacitor (C = 30 uF) versus applied frequency ranging
from 20 kHz to 80 kHz when the measuring cell is
controlled at 30 °C (i.e., the temperature of the capacitor
=42 °C).

Such capacitors' power losses are renowned decreasing
and then increasing versus the frequency (losses in V shape).
According to the capacitor's value, dielectric losses level
(characterized by the dissipation factor tand), and metallic
losses (characterized by the square resistance of electrodes:
Rsq), the minimum is typically in the range of 10 kHz to
1000 kHz. In the case of capacitors based on P.P., the
decrease in power losses is 1/f (where f stands for the
frequency) because the tand and the permittivity are known
as almost stable versus the frequency. The increase of power
loss is due to the skin effect for which thickness evolved as a
function of f* (x = %), leading to the raise of the power losses
as a function of ¥ (y> ). Finally, in the capacitors' case,
based on the metalized P.P. with low losses, the minimum
can behave as a stable state in nearly a decade [35, 36].
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It appeared that the frequency range used in this study is
too narrow to reveal these two great tendencies, which are
the dielectric loss and the metallic loss. We are probably
located around the upper of the tendency's tendency
frequency since a slight increase in the losses versus the
frequency is observed.

Finally, the calorimeter's heat power is gross power loss
composed by the component loss and the losses due to the
electrical contacts and wires. Therefore, it is desirable to
model or measure these losses to extract the component's
external contribution and access then to its equivalent series
resistance (ESR). Therefore we proceeded to these
measurements, and we obtained the power losses due to the
electrical contacts and wires ranging from 134 mW to 142
mW between 20 kHz and 80 kHz. By removing these losses
to the power losses measured with the film capacitor, the net
losses range from 40 mW to 102 mW. The applied current
(rms) being set at 1 A, the ESR of the capacitor seen by the
calorimeter would be ranging between 40 mQ and 102 mQ,
which is far greater than the ESR given by the manufacturer
(i.e., 6 mQ at 20 °C and for a frequency of 100 kHz).

The ESR of the capacitor would only represent 4.3 % of
the total ESR, which includes the dry ohmic contacts (in a
vacuum) and current leads. This low ratio likely makes
difficult the fair estimate of the own ESR of the component.
This last result put into perspective two subsidiary
experiences: (1) evaluate the repeatability of that measure
concerning the variability of ohmic contacts; (2) carry out the
measure of the total ESR using an impedance bridge circuit
in situ (DUT and calorimeter).

V. CONCLUSIONS

The infrared calorimeter designed and implemented has
allowed the measurement of power losses of electrical
resistance (with 2% accuracy), a fly—back converter, a self—
inductance, and a capacitor.

This calorimeter device presents a large operating
temperature range (-50 °C to 150 °C). It needs a relatively
long preparation time of measurements (48 h) but leads to a
relatively short measurement time (2 h). It has been shown
that the measurable heat power loss extended from 14 mW to
10 W with great accuracy (2% for heat loss higher than 100
mw).

These measurements also showed the importance of the
calibration and the quality of dry contacts to obtain a good
measurement accuracy for low values of losses.

These benefits make the | R calorimeter an interesting
device for low loss measurement and/or performance
evaluation of power components and systems in an
isothermal environment for both research and development.
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