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Abstract -- The measurement of the junction temperature between each measurement. The main problem of these
with thermo-sensitive electrical parameters (TSEPs) is largely results is that we do ndtnow the real temperature of the
used by electrical engineers or researchers but the obtained semiconductor devices. A referential measurement using an
temperature value is generally not verified by any referential optic or a physically contacting method could be interesting

information of the actual chip temperature distribution. In this . T . .
paper, we propose to use infrared (IR) measurements in order to to explain this difference. In the case of IGBT chips, Schmidt

evaluate the relevance of three commonly used TSEPs with @hd Scheuermann [8] and Perpifia et al. [9] propose a
IGBT chips: the saturation voltage under a low current, the comparison between a TSEP and an optical measurement
gate-emitter voltage and the saturation current. The IR These authors use the saturation voltagessvunder a low
measurements are presented in details with an estimation of the cyrrent as TSEP [14,15] and compare it with the temperature
emissivity of the black paint deposited on the power module. The oaineq with an IR camera. Furthermore, Schmidt and
temperatures obtained with IR measurements and with the Sch 8l sh hat th é'ff h
different TSEPs are then compared in two cases: the use of only cheuermann [8] show that the temperature difference on.t e
one chip and the use of two paralleled chips. chip surface an reach 40°C. The use of the IR camera is
therefore very useful because it provides a temperature map
Index Terms-- Chip temperature, IGBT, Infrared imaging, of the semiconductor surface. It makes it possible to
Multichip modules, Power semiconductor devices Thermo-  determine if the temperature given by the TSEP is close to the
sensitive electrical parameter, Thermal measurement. mean, the maximum or the minimum temperature. In [8,9],
the authors show that the chip temperature obtained using
Veesat iS really close to the mean surface temperature
The junction temperature measurement of a powdreasured with the IR camera.
semiconductor device can be used to characterize thermaV s is today generally used for the thermal
performances of its package and as a damage indicator of tharacterization of commercial IGBT power modules.
power module principally for the detection of a delaminatingiowever it would be interesting to determine if other TSEPs
process in the assembly [1]. Three main methods are usgmlild be used with better temperature measurement accuracy.
today to evaluate the junction temperature of poweTherefore the present paper proposes to compas&:With
semiconductor devices [2]: optical methods, physicallgwvo other TSEPs for the temperature measuremeiGBT
contacting methods and electrical methods. The main optiedlips: the gate-emitter voltagey,V [16] and the saturation
methods are local infrared sensors4[3optical fibers [5], current kss[17-18]. Contrarily to previous studies presented
infrared microscope [6,7] and infrared cameral(B- The in scientific literature, the comparison of these TSEPs will be
main advantage of the IR camera is the possibility to directarried out in same experimental conditions and using one
obtain a temperature map of the power device. The junctigingle or two paralleled IGBT chips. In fact, in multi chip
temperature measurement can also be done directly contactimgdules, the switches can be realized using one or several
the chip with a thermsensitive material. The main solution paralleled chips. This electrical configuration can have a non
is the use of thermal probes (thermistors or thermocouplasdgligible impact on the choice of the TSEP. Furthermore, a
[11,12]. Although optical and physically contacting methodgeferential temperature measurement with an infrared (IR)
can be really accurate, the measurement time can hardly dagnera will be proposed to strengthen the results.

lower than 1ms due to the electronic treatment or t0 the |, e first part of the paper, the studied power module and
thermal capacitance of thermo-sensible materials. This is tg, experimental setup are described. Then the principle of
reason why the common way to measuré a JuncliQfe |R temperature estimation including a calibration of the
temperature is the use of a thermo-sensitive electriG@hissivity of the black paint is outlinedhe goal of this
parameter (TSEP): the chip is itself the temperature sensketion is to provide an accurate referential measurement
However the accuracy obtained by this technique can B in order to compare the different TSEPs. Finally,

discussed because the chip temperature IS Velfjibration curves of thes TSEPs and temperature
inhomogeneous. Therefore large junction temperatufgassurements are presented and discussed.
differences can be obtained using different techniques. As an

example Jakopoviet al. [13] show that the measured thermal 1.
resistance of power MOSFETs in TO220 packages can vary
from 0.9K/W using the channel resistance as a TSEP A0 Presentation of the device under test

1.25K/W using the threshold voltage, i.e. a 25% diff :
using the treshold voltage, 1.€. a o dierence A dedicatedunencapsulated power module free of gel has

. INTRODUCTION

EXPERIMENTAL SETUP



been developed especially for this study in order to carry oBt Presentation of the test bench
infrared surfae temperature measurements of the power

components. The transistors are 600V-200A INFINEO S . .
IGBTs (SIGC100T60R3) with an aluminum metallization or?r:f?:?:;d C‘;rr'nearam;”:a' Tﬁ’?f\'ﬂ?ﬂﬁg 5%%',‘\‘;'0&(5"3' 3&;26

th_e top surface. The power mopIng and thg electrical tppolo C7500 FLIR). The measurements are done in the middle
with two IGBTSs are presented in Fig. 1. This topology is us

; . . : avelength range (3.7um to 4.8um) with InSb matrix sensors
to perform tests with one single chip or with two IGBTSO]‘ 320x256 active cells. All infrared measurements were

associated in parallel. Each transistor. chip is soldered org formed in thermal steady state conditions during 1s with a
separate copper substrate. As shown in Fig. 1, there are f doHz frequency rateThe spatial resolution of the infrared

holes n the corners of the power module. With thgse hmleslrhage is defined with an adapted lens which permits a pixel
is possible to fix the module with screws on a cooling systert s maller than 100pm per 100um

By torque adjustment, screws make it possible to modify the _

thermal resistance of the interface between the power module)
and the cooling system. Therefore, the thermal behavior of
each silicon die can easily be modified separately as it will be
presented in section V. . / :

Low power connections ® P

The test bench is developed around an infrared camera

=

"Daté écqﬁisition

Hole ————————  Power connection S Sade s Camer ko
) : - T1 To
T b 1GBT i - |K |K
:ﬁé chips > . :
p- S s Power
* Ribbon bonding Supplies
a) b) )
Fig. 1. Power module dedicated to tests (a) and electoigalogy (b). Fig. 4. Test bench for IR and TSEP measurements.

The schematic cross section of the power module fixed on The temperature of the black painted power module is
the water cooling system is presented in Fig. 2. The IGBT®ntrolled from 40°C to 180°C by the cold plate connected to
power electrical connections are made with aluminum temperature control instrument (JULABO Presto). All
ribbons. They have been chosen because the area viewealeytrical measurements are made with a DEWETRON data
the IR camera is larger than this obtained with wire bondingcquisition system (DEWE5000) associated eittynamic
[8]. Fig. 3 presents the surface temperature distributioa ordifferential isolation amplifier (bandwidth up to 300kHz)

100 W dissipating IGBT chip. The voltage accuracy of this system is 0.04%. All TSEPs are
— /fég;;i'cﬁon Power measured with a specific electronic circuit. This circuit is
i oomneehon ihoutGell  Screw driven by a LabView program and a NI USB-6259 board
_ Ship:Solder Thermal | CONNECted to a computer.
‘ ] O n " ] interface
1mm i (Cu)

I1l.  INFRARED(IR) MEASUREMENTS

i f A. Control and calibration of the surface emissivity
%

. Large temperature measurement errors may be done using

"""""""""""""""""""""""""""" water caltepl infrared measurements due to the surface degradation of
materials and the intrinsic low emissivity of aluminum (<0.1)
with a complex geometry of the active part§][ Thus, the
infrared temperature measurements of power components
were conduad controlling the surface emissivity with a paint
solution. Experimental campaigns are conducted in order to
110 evaluate the emissivity of two selected paints adapted for
100 operating temperatures from 40°C to 180°C (MOTIP and
ACRYL RAL). The paint coats are deposited on a copper
base plate (5mm thick) which is thermally controlled with a
water cold plate. These elements are thermally isolated with
100 150 200 250 70 polytetrafluoroethylene material (PTFE) which limits the

Location X (pixels) convective and radiative heat transfers and thus the
Fig. 3. Surface temperature distribution of a dissigalGBT chip. temperature gradients in the base plate. Windows are realized
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in the PTFE part in order to make temperature infrared 0.7 14

. . u Std MOTIP
measurements of the painted surface. Fig. 5 presents the tes 4 || LS, SG SRN SSOE T S e St ACRYLRAL | 1o
bench used to qualify the emissivity of different paint ¢ EDT MSTIR
. Logg fooa O e el dho ODTACRYLRAL | 4
solutions versus the temperature. 5 B P @
g O R S Sott? TEREI CERRECEERE SRS SRS s
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Fig. 6. Influence of the coats number.

base plate
The emissivity evaluation versus temperature has been
conducted for both paints from 40°C to 180°C. The
emissivity evaluation is realized with the same test bench. The

ﬁﬁ' 4
_ | infrared temperature measurements are made in steady state

Fig. 5. Tét bench for the emissivity evaluation. conditions. The emissivity parameter is set to one in the FLIR
. . . ware. Th m rements are realiz nan ar 10mm
The referential temperature () is evaluated with a RTD software. These measu eme ts are ea ed on an area (10

X 10mm) of each painting zone in the center of the

temperature sensor (PT100 class 1/10 £0.06K) connected t%gasurement windows presented in FigTBe size of each
6.5 digit precision multimeter FLUKE 8846A. The area is defined to be close to the size of the IGBT chips which

propagated error of the measurement chain is calculated clo§8 tested in sections IV and V. The mean temperature of

to £0.12K. This temperature measurement is located in the . : . .
each area (1368 pixels) is compared with the referential
center of the copper base plate close to the surfa

. emperature measured with the PT100 sensor located in the
measurement areas. Table | presents the synthesis of the . :
. s copper base plate just under the location of measurement
paints and the conditions of use.

TABLE | areas. A first Matlab program is developed with dedicated
DETAILS OF EVALUATED PAINTS FLI.R funct|ons. The corrected'emlssmty of thg paint is
estimated using the program in order to obtain a mean

Paints Number blmzzn Finish temperature as close as possible to the referential temperature
of coats 2 coats (s)  conditions (provided by the PT100 sensor). Fig. 7 presents the results of
ACRYL RAL ) the corrected emissivity evaluation as a function of the
9005 8/12/16/18/20/24 180 60min25°C  temperature for both the MOTIP and ACRYL RAL paints
“gfg;i’ 8/12/16/24 60 60min/160°C with 24 cozits. o
J u MOTIP
® ACRYL RAL
The infrared temperature measurements are performed ., 0.98

with FLIR software emissivity parameter set to ongdF). ; e =
First, an evaluation of the coats number impact is conducted g 0.96
for a referential temperature close to 100°C. This temperature o e T
is arbitraily chosen. In fact it is representative of temperature ® 0.94 o =
conditions that are required to have a good accuracy of the é ’ "
infrared measurements, and it is also in the temperature range § o "
of the experimental campaign presented in sections IV and V. 0.92 -
A mean value is calculated from one hundred infrared il *
measurement images in order to limit the mechanical 0-90 60 80 100 120 140 160 180 200
vibration impact. As we can see in Fig. 6, the number of paint Temperature IR @ emissivity=1 [°C]
coats impacts on the standard deviation of the temperature Fig. 7. Evaluation of the emissivity versus the infraezdperature
measurements (Std MOTIP anti®.CRYL RAL) and on the measurement with 24 coats.

difference betweenJ and Trae-1 Which is representative of ~ An extrapolation of the corrected emissivity variation

the paint emissivity value (DT MOTIP and DT ACRIL RAL). versus the temperature is calculated. A quadratic interpolation

The ACRYL RAL solution presents a higher dispersion duis used to fit the experimental results. Equation (1) presents

to difficult conditions to adjust the paint coat deposition. the expression of the corrected emissivity interpolation for the
MOTIP paint.



—3.6810° X(Tm :1)2 The chip temperature which is measured by
@ (1 thermosensitive electrical parameters is the temperature of the
~1.462110° xTr g, +1.0618 active parts. Therefore the IR measurements have to be
where gcomiorp is the corrected emissivity andrFe: is carried.out only on thfese parts. Furthermore, some areas of
the infrared temperature measurement with a fixed emissivifye active parts are hidden by other elements like ribbon or
equal to one. wire connections. It is therefore necessary to create a
nymerical tool in order to evaluate the temperature of the

| Glgll' tg!s Paper, a('; mfrz:et?] tegg_?_:gtug;a Tea;u;emoents Sliive parts only. The elements which have to be excluded
€S are made with the ack paint. On ong,q, ihe chip temperature calculation are the following:
hand, the coat number is fixed to twenty four in order to

guaranty the good temperature measurement in steady-state | N€ gate connection which crosses the chip image from
conditions. @ the other hand, the infrared temperaturdn@ right top corner to the center of the chip,

measurements are calculated from the averaging of one- The power ribbons loops used to connect each active
hundred infrared acquisition frames in steady state conditionsarea of the IGBT chip,

The paint layer thickness has been measured to be lower than. The inactive areas of the chip which are presented in Fig.
100um *3um. It seems to be acceptable for the presentegl(gate pad, passivation...),

comparison approach. Indeed, we have estimated that the
temperature difference between the chip metallization surfac
and the measurement paint surface is lower than 1
Furthermore, this temperature difference is taken into accou ) o ) _ )
in the calculation of ecomvorie Which is carried out under the ~ This last point is demonstrated in Fig. 10 with the

gcorrMO‘I‘IP

- The temperature measurement artifacts due to geometric
pecifications of ribbons and disturbances due to the paint
n?eposition.

same experimental conditions. tempe_ratures extraction along the Ii_ne_presented in Fig. 8b.
. _ _ For this measurement, the IGBT chip is not crossed by any
B.  Post-processing of IR images for the evaluation of the current, the heat dissipation is therefore equal to zero. The

chip temperature temperature of the chip is regulated by the cold plate. Its

A second Matlab program has been developed in ordert@mperature is 60°C Therefore, the surface temperature
extract the useful chip temperature. As presented in Fig. &ould be quasi homogeneous on the whole surface of the
the infrared image is ana|yzed in order to perform a“GBT Chlp Flg 10 shows that the temperature of the ribbons
orthogonal adjustment with the edge detection of the IGBStiches areas is close to this of the active parts of the chip but
chip under test. Fig. 8b shows the IGBT view after automaté@ere are thermal artifacts between stiches and chip areas
cropping. which are due to optical effectBhese artifacts have therefore

Gl : — to be excluded from the surface temperature calculation.

T T

IFSTTAR-LTN Extraction for
58.2 -08-Nov-2011 calibration @ 60°C
5811 I*\ :
[&] H .
e 58— :
 ergl | A 1l
3 o7 : :
Y A
Q A D N
Es7.7 \/ :
a) 57.6-_ :
Fig. 8. Image extraction of the IGBT chip from theaméd acquisition. " chip A,ﬁfactsl Stich area |Amfacts Chip |
- . . 57.5
As shown in Fig. 8b, the image of the chip temperature i i i
from the infrared acquisition is not directly usable. Fig. 9 0 10 20 30 40
shows a schematic presentation of the top view of the Location (pixel)

IGBT Chip with the active parts specified in black color Fig. 10. Profile extraction of the IR temperature sugament along a ribbon
! stich area (cold plate temperature 60°C).

As presented in Fig. 11a, numerical masks are used to
exclude the unusable areas of the infrared temperature
measurement of the IGBT chip. These black areas define the
temperature zones which are excluded for the raw
temperature calculation. The temperature initially measured
with an emissivity equal to 1 is corrected during the post-
treatment with the corrected emissivity expression presented
in (1). Finally, a temperature extrapolation is made with the
help of local bilinear fitting adjustments in order to estimate

10 230 ym

Fig. 9. Top—view of an IGBT chip (é‘mitter side).



the temperature distribution in the active areas of the IGBT

0. L™
15V _‘,

Fig. 12. Measurement ofcysatas TSEP.

Fig. 13 shows the variation ofcdsar as a function of the
temperature for T, T, and T//T.. The characterization curves
are linear with a slope of -2.3mV/°C.

a) . :Ff;;él;é.;ﬁl g : E :.[‘ T Ic:.liSUmPi

Fig. 11. a) Presentation of the masked zones excludéaefoaw " T~ I AN . S N : ﬁhl"?flg;%[)m»ﬂ\ I
temperature calculation b) Recomposed IGBT chip temyrerdistribution. .. ! ! i ‘ . ‘

_ F T 2 .

IV. CHARACTERIZATION OF THETSERS 2 04T

In this section the calibration procedure and the u:; 0.3 —*%“‘ ]
measurement conditions are presented for each TSEP. For the ISt W . .y :
TSEP calibration campaign, the power module is fixed on the ! .

cold plate. As it will be presented later in this section, the test 0.2 f S [ "‘ﬁ' T
procedure is defined in order to have a very low self-heating W . L 43 ' ‘

of the devices. The chip temperature is th_erefore mod|f|eq by B — =" %0 B0 160 130 T3 TE0 60
a thgrmo regulator (JULABO Presto mstrqment) which Chip temperature (°C)
permits to control temperature of the power chips through the Fig. 13. \tesaas a function of the temperature fag T2 and B/ Ta.

power module assembly. Due to convection and radiation The measurements using T1 and T2 give very close

heat transfers between the power module under test and IS i the difference between each curve being about 1 mV.

environment, and because the room temperature (about°259[(|;)3 temperature error is thus lower than 0.5°C. Linearity and
is lower than the cold plate temperature (between 40°C |, yariation from one chip to another with the same

180%C), the chip temperature is lower than tbed plate | oterence make this TSEP very interesting for junction
temperature. Thus the chip temperature has to be meas perature measurements.

using the IR camera. The procedure presented in the previous
section is used to evaluate the average temperature of the Measurement of the gate-emitter voltage Ve,
IGBT active part. This average temperature is considered asgq, this measurement, a voltage source E=10V feed the
the chip temperature in the calibration curves. IGBT chip. The collector current45A is regulated acting on

In this section, for each TSEP, we will outline thethe gate voltage. Wheny&nd T are paralleled, the current |
dedicated electrical test circuit and the dependence of thguals 10A. In order to limit the self-heating due to the power
TSEP with temperature. In order to study the variation afissipation during this TSEP evaluation, the calibration
each parameter in the casef single chip or two paralleled procedure is made using a pulsed current. As shown in Fig.
chips, three characterizations are made, one for IGB®rie 14, |; is measured by a 10mQ shunt resistor Rsphunt and

for IGBT T, and another for if/T>. regulated by a PI controller.
A.  Measurement of the saturation voltage Vee s le
This measurement is carried out feeding the IGBT chip Gate o
with a low current supply. (Fig. 12). In the testsylequals E — Vee % driver || controller Vier
50 mA if only one IGBT is tested and equals 100 mA in the Voo
case of two paralleled IGBTs. These values are chosen in !
order to have a linear characterization curve in all the R IV.,mes tp ‘

temperature range. The gate-emitter voltage is 15V. Because
the dissipated power is very low in the chip, the current Fig. 14. Regulation of the collector curreat |

injection can be continuous without any self-heating of the Despite the use of a pulsed current, a measurement error

power device. can be made due to the self-heating of the device during the
characterization. Fig. 15 shows the evolution of the gate-
emitter voltage Ve as a function of the time. Therefore an
extrapolation method has to be used to decrease this



measurement error. Because of the low temperature variation le
during the measurement time, a linear interpolation as a
function of the square root of time can be usedqRVge is g —— Ve
then estimated calculating the value of the interpolation curve |
when t={.

Gate PI
driver controller ge.ref

n.

/\ Vge.mes t

Rshun(

6.955F T
Vge (V) ¥
Vge interpolated (V)
6.95 E 1 Fig. 17. Regulation of the gate-emitter voltage V
Vees 1 As for the measurement ofyd4, an interpolation process is
o= : needed in order to limit the temperature error due to the self-
: heating of the device. Fig. 18 gives the variation.gfds a
% ; U s "R ‘ function of the temperature fon,TT> and T//T>.
5 i T —
6.935 ! 8- T1V =10V V  =6.4V 2
i | | | L V=10V V6.4V v
0 1 E 2 Tm?e - 4 5 x10§ 12H ¢ T1/T2 VCE=1OV VGE=6.4V ‘
t 10
Fig. 15. Principle of the § 1 measurement. g 8 ’ {"
R
Fig. 16 presents ¢, as a function of the chip temperature _§ 6 ‘,:' ¢ m
for T4, T2 and T//T.. The sensitivity is about -6.5 mV/°C for . ‘..w" .‘,D ....»i
lower temperatures and -8 mV/°C for higher temperatures. 4 ¥ r_H
We can see that a voltage difference of about 100mV is 2 o‘::.‘-l‘"
obtained using Tinstead of T. The measurement error is AR .
thus largely higher than 10°C. As a conclusion this TSEP 0 40 60 80 100 120 140 160 180
varies from one chip to another under the same power Chip temperature (°C)
module. An accurate temperature measurement needs Fig. 18. kssasafunction of the temperature far T2 and W//T.
therefore a calibration of each die. This TSEP was not measured in the whole temperature
7.5 : : : : range because the accuracy was poor for low temperatures.
@ T1 V=10V 1;=5A As for Vge,, this TSEP is different using T1 or T2. Logically,
W T2V e =10V =54 the value given in the case of T1//T2 is the sum of both values
7 4 TUTZV =10V 1 =10A ¢ given using T1 and T2.
. In the next section, the characterization results of the
= TSEPs will be used to achieve temperature measurements in
3 6.5 the “working” power module. In this cae the chips are
crossed by a high direct current inducing a non negligible
6 self-heating. The measured temperatures will be compared
with referential temperatures provided by IR camera
IFSTTAR-LTN measurements. Then the relevance of each TSEP will be
14-Nov2011 discussed.

5. :
%0 40 60 80 100 120 140 160 180
Chip temperature (°C)

. - V. TEMPERATUREMEASUREMENTSUSING EACH TSEP
Fig. 16. e, as a function of the temperature far T2 and T/T2.

C. Measurement of the saturation current | e A. Principle of the temperature measurements

The measurement of the saturation curregs a TSEP is |1 Chip temperature measurements are made in two steps.
made by feeding the IGBT by a voltage supply E=10\Puring the _ﬁrst step, called “d1_s51pat_10n step”, the I_GBT is
During this measurement, the gate-emitter voltage is constia¢ PY @ high current sourceihducing a self-heating of the
and equals 6.4V. In order to reduce the self-heating of tﬁjeev'ce'_ The gate-emitter voltgge_ equals 15V (th? IGBT is in
device, the IGBT is driven by a pulsed gate-emitter Voltagggturanon conditions). The dissipated power P is calculated

Vge oscillations during the measurements are avoided by tHBJ!“p'V'”g the collector current value &nd the collector-
use of a regulation loop (Fig. 17). emitter voltage value & The second step, called

measurement step, begins when the steady state is reached.
During this step the device temperature is measured using one
of the three presented TSEPs. For this measurement, the
electrical circuits depicted in the previous section are used.



The temperature of the cooling fluid is 30°C. ThiBB. Temperature measurementsusing IGBT T
temperature is chosen in order to work with a temperature
higher than the room temperature and thus to prevent a

condensation process in the tested power module. It is a

chosen in order to work with a relatively low cooIingT
temperatug allowing for a high dissipation level in the IGBT v
chips (maximum junction temperature 150°C). Fig. 1
summarizes the measurement process. As shown in t
figure, a short dead time is introduced between the two ste
However the junction temperature decreases during this d
time and during the measurement step. An interpolation ) ] i
procedure is thus needed in order to obtain the temperature®l TSEPs give temperature values in good agreement with

Table Il presents a comparison between the temperatures
tained with each TSEP {dep and the mean temperature
ained by IR measurementsntdng. The studied chip is
Three different power levels are used: one close to 45W, a
econd close to 70W and another close to 95W. The last
%olumn represents the difference betweegedand Tmeanir

Re Trsepvalue obtained withddsand P close to 45W has not

PS5 pe taken into account because the measured temperature is
in the range of the calibration curve (Fig. 18).

value at the end of the dissipation step. the mean temperature obtained with IR measurements.
_ Surprisingly, \esa, Which is the most used TSEP, gives the
Dead time: .
10us results that have the largest differences. On the other hand,
_____ l ; Vgei and kss are very representative of the mean chip
o temperature with errors respectively lower than 1°C and
Dissipation step: Measurement °
-several minutes step: 500ps 0.5°C.
V=15V

TABLE Il
_____ . ! TEMPERATUREMEASUREMENTS WITHT1

Junction

Error
P Trsep Tmeanir

temperature
p Va TSEP w) 0 ) IR /(;ES);EP
Measured junction ; : Ve sat 458 71.0 69.8 1.2
temperature 1} ; Ve, 46.3 71.5 71.0 0.5
P : less 46.3 74.2 711 3.1
; ; Ve sat 70.7 100.1 98.1 2.0
) ) | ) ) P Pt Vel 70.6 99.2 98.6 0.6
Fig. 19. Evolution of the junction temperature dgrthe temperature less 70.7 98.8 98.5 0.3
measurement process. Ve sat 95.1 125.2 123.8 1.4
. o Vel 95.0 124.8 123.9 0.9
During the dissipation step, the temperature of the IGBT less 95.1 124.1 123.8 0.3

chip is not homogeneous. For example, Fig. 20 shows in t
left an IR image of a dissipating IGBT (in saturation
conditions). In the right is traced the temperature along the Table Il shows the results using Tnstead of T. The
measure line which shows the large variation of the chigsults are very close to these presented withnTfact, Ve,
temperature (>30°C). We can see that in the case @id kssgive results very close to the mean IR temperature.
dissipation in saturation region, the ribbons are hotter than thee use of Ve sa sSeems to be better than for But we can
IGBT chip due to the high current density value ovesee that the measurement error can reach values higher than
100A/mm2. A TSEP giving a global temperature value, th&°C.

Temperature measurements using IGBT T-

comparison with the actual temperature is thus difficult. In the TABLE Il
following paragraphs, we have chosen to compare the TEMPERATUREMEASUREMENTS WITHT2
temperature given by eagh TSEP With the mean chip surfa_ce TSEP P Trsee Tmean |RF7r;OerP
temperature measured with the technique presented in section w) (0 (°C) )
Vee,sat 45.3 74.4 73.9 0.5
Ve, 44.9 74.7 74.1 0.6
less 45.1 77.0 74.1 2.8
Vee,sat 69.4 101.9 100.5 1.4
Ve, 69.0 101.2 100.7 0.4
1 less 69.7 101.1 100.8 0.3
i Vee,sat 94.0 127.6 127.0 0.6
:. Ve, 94.2 128.0 127.3 0.7
: less 93.7 127.5 127.3 0.1
1

Gate zone

D. Temperature measurementsusing IGBT T1//T2

s As said above (section 1), a torque adjustment of the

B w0 w0 @ w0 POWer mod_ule mounting conditions permiFs to modify th_e

b) thermal resistance between each IGBT chip and the cooling

Fig. 20. Temperature distribution on a dissipating T&8) system. So, each IGBT chip temperature can be adjusted in
and temperature along the measure line (b). order to perform a TSEP evaluation in different thermal

conditions. For example, if this torque is lower in the left
hand side of the module, the temperature of IGBTisT



higher than this of IGBT 4 In a commercial power module, worst results are given byg4 The measurement error in this
these conditions can be representative of a temperatlmst case could be due to the extrapolation method because the
difference between paralleled chips due to packaging defaulseshold voltage of each IGBT being different, the current
(solder voids for example) or to an unequal currenepartition is totally different in each IGBT and the self-
repartition. heating (during calibration) or the cooling (during

Table IV proposes a comparison between results obtaindnperature measurements) of each semiconductor device are
with infrared temperature measurements and with TSEPsGAmpletely different. In the case ofslthe same problem
the case of two parallel-connected IGBT chips controlle@Xists but this TSEP is the sum of the saturation currents of T
with the same gate drive circuit. Three cases are studied.3fd T- The cooling and self-heating of the device being
the first one, the mean temperatures of both IGBT are abdk¥¢ar phenomena, the results seem to be not affected by this
the same. In the second, IGBT i& hotter than IGBT I In  Problem.
the last case, IGBT ;lis hotter than IGBT T For each case, If IGBTs temperatures are not equal, the chip temperature
the total power level iselatively low (=40W) and the evaluation by TSEPs may conduct to significant errors over
variation of the junction temperature is obtained modifyin@°C in comparison with the mean IR temperatures.ilisT
the temperature of the coolant liquid. The power dissipation li®tter than 7, lessis still the best TSEP but the temperature
low in order to have a very low temperature variation on eaclifference between all TSEPs and IR measurements is largely
IGBT chip surface (about 5°C). The last column represeniiggher than in the previous case. On the contragy; $£ems
the difference betweentder and Tneanir (Which is the mean to be the best TSEP if IGBT,Tis hotter than IGBT T
value of the mean temperature of Tneanik T1and the mean Results given by Msa do not depend on the temperature
temperature of I Tmeanir 7. Next to this column is given the repartition between both IGBTs.
difference between rkanir T1aNd Tneanir T2 The results given
by Icssat lower temperatures vanot to be taken into account
because this TSEP was not calibrated for this temperatureVeesar is the most used TSEP in the case of thermal

E. Discussion

level (Fig. 18). characterizations of power packages. All experimental results
g - - .
TABLE IV presented in this paper and in [8] show that the temperature
TEMPERATUREMEASUREMENTS WITHTY/T2 obtained with this TSEP is always higher than the mean chip
TmeanR 71 Eppoy surface temperature. The temperature difference between
Test TSEP Trsep TmeaniR  TmeaniR  Tmeanir - IRITSEP . .
conditions (C)  Ti(C) Ta(C) (O) Tmemmr g Trsep and Tneanir iS low in the case of a homogeneous
(C) temperature distribution (Table IV T; and T with the same
\% 76.5 75.8 75.6 75.7 0.2 0.8
ce,sat . . . . . . . . . .
Vgr 783 77.0 769  76.9 01 1.4 temperature) and higher if the temperature difference is larger
Toand G R 1 22 (Table I, Table Ill and Table IV in other cases).
e Veesw 1085 1083 1073 1078 10 0.7 _
same Ve, 1089 1083  107.2 107.7 1.1 1.2 Table IV also shows that the temperature difference values
temperature—lcss 1078 1083 1073 1078 1.0 01 (last column) given if Tis hotter than T or if T, is hotter
Veesat 129.6 129.9 128.2 129.1 1.7 0.5 . .
Ver 1299 1209 1282 129.0 17 0.8 than T, are approximately the same. For example, if
lss 1289 1299 1282 129.0 17 0.1 Tmeani£90°C, the temperature difference equals 2.1°C when
Ve sat 93.6 98.7 84.4 91.6 14.3 2.1
\/C::.[ 950 989 847 o918 142 32 TmeaniRT1> Tmeanir T28Nd 2.0°C when fdeanir 72 Tmeanir 11 If
lss 944 99.2 851 921 14.1 2.3 Tmeanie110°C, the temperature difference is respectively
Veesar 1130 1179 1049 1114 130 16 1.6°C and 1.4°C. If =130°C, it is respectively 1.2°C
T;honer Vg, 1138  117.6 1047 1111 129 2.7 . theani= ’ pe 4
than & lee 1126 117.6 1046 1111  13.0 15 and 1.3°C. Therefore the measurement withs\¥as TSEP
Veesat 1324 1369 1254 1312 115 12 depends on the temperature distribution but is not influenced
Vgel 133.0 136.7 125.2  130.9 11.5 2.0 B H
' 1320 1368 1253 1310  11s o9 _by the_ temperature repartition be_tween several IGBT ch_|ps_,. It
Veesat  90.9 81.6 962 889  -146 2.0 is mainly due to the fact that this TSEP has a low variation
Vo 887 807 95.3 880  -146 0.8 from one chip to another with the same reference (Fig. 13).
lss 878 807 954 880  -147 -0.3 )
Vesn 1084 1013 1127 1070 -114 14 Because most power modules are made with several
ool Ve, 1076 1013 1127 1070 114 06  paralleled IGBT chips, this TSEP is very well suited for their
e 1962 1014 1128 ML 12 D9 thermal characterization.
ce,sat . . . . - . .
Vg, 1319 1249 1387 1318  -13.8 0.1 The other TSEPs @ and ts9 are useful for the
lcss 131.3 125.2 139.2 132.2 -14.0 -0.9

- temperature measurements of single IGBipliTable Il and
If both IGBTs have approximately the same temperaturggp|e ). But, as shownin Table IV, the thermal

the three indirect temperature measurements with TSEfi§equilibrium conditions (Thotter than T or T, hotter than
conduct to a good correlation with the mean IR temperatuigy conduct to a more or less good correlation between these
measurement @leanig- Especially the results given bydare  1sgps and IR temperature measurements. In the case of
very good, the temperature difference betwe@iank and temperature disequilibrium between several chips, the
Trsep being lower than 0.1°C. ¥/sa also gives very good temperature measurements give also good results but the
results, the temperature difference being lower than 1°C. Tr@producibility is not satisfactory. For example, using ds
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