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Abstract: The problem of measurements of the thermatemperature. Typically, the voltage across the jpsattion
resistance (R of monolithic switched regulators (MSR) is operating in the forward-mode at the constant vailiéhe

considered in the paper. A new method of meastitiig
thermal parameter is proposed and the proper megssst
is presented. The results of measurements pfoRthe
considered devices are compared with the similault®
obtained with two other known methods.
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1. INTRODUCTION

The thermal resistanceRs one of the most important

parameter of semiconductor devices and ICs. Thiameter

characterises the ability of a device to abstrhet heat

generated in this device.

If the thermal resistance of a device and the power

dissipated inside it are known, the inner devicaperature
T;, limiting the device SOA at the thermal steadyesiand
influencing its reliability, can be calculated. Thigermal
resistance is also an important parameter of elgwrmal
macromodels (ETMs) of semiconductor devices and1Ts

The thermal resistance is defined as follows

Ul (1)
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current of the small value, is chosen for this pg[9, 10].

In the electrical methods measuring the thermal
resistance of ICs, eg. [9, 10], the same substtatde is
typically used as the heating and thermosensiterment. In
such methods, the power is dissipated in anothegr than
that existing during the typical operating mode af
monolithic switched regulator (MSR). On the othemd,
the way of power dissipation can influence, eveongjly,
the device thermal resistance value [1, 11].

In the paper, the monolithic dc voltage switched
regulators LT1073 [12] and L296 [13] are consideiEtese
ICs are composed of the power bipolar transisteit¢s) as
well as some control and protection blocks situaiadthe
same chip.

In the measuring method of the thermal resistarfd¢ben
monolithic switched regulators, proposed earlier the
authors [14], the heat power is dissipated in ievérd-
biased p-n body diode. In the second stage of the
measurements, the voltage across the same diadedsas
the thermo-sensitive parameter. Note, that in trethod
from [14], thepower is dissipated in an other way than that
existing during the typical operating mode of tlmgidered
regulators.

In the paper a new method of the measurement of the

where R, denotes the power dissipated in the considerethermal resistance of the monolithic switched ratprb in
device, T is the temperature of the reference point (case dheir real operation conditions is proposed. Thehog is

ambient).

The value of the inner temperature of a device loan

estimated by optical, chemical or electrical methf#]. The

optical method can be used to measure temperatub%\per

distribution in the device or the electronic modyR,

whereas from the electrical methods [4, 5, 6, 7y dhe
information about average temperature of the devénebe
obtained. Among these methods, only the electrizethods
are non-destructive ones and they can be useddasuming
packaged devices [8].

Using the electrical methods of measuring the devic

thermal resistance, the value of the inner tempeeal; can
be obtained by measuring the value of any eletttfigamo-
sensitive parameter of the known and unique depwmden

explained in detail for two selected devices - tbgulator
LT1073 and the regulator L296. The proposed methdlde
modification of the former one, proposed by thehatd for
the LT1073 regulator [15]. In the method proposedhis
the electrical power dissipated in the devis
calculated in such a way that multiplication antegration
of the device terminal currents and voltages ar¢ no
necessary, unlike the method from [15]. The acguddithis
method was verified by comparing the thermal rasist
values obtained with this method and two other kmow
methods, e.g. [14].

2. IDEA OF THE METHOD
In the proposed method the MSR operates in the



switched voltage stabilizer with dc-dc convertehiah is
the typical application circuit of the investigatethss of
devices. The general block diagram of the measiséigs
shown in Fig.1.

The remaining
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Fig.1. The block diagram of the measuring set

The measurement is realized in three stages. Ifirste

stage (the switcly; is opened) the calibration of the thermal

characteristic W(T,) of the body diode (Rj) existing in
the investigated regulator (DUT) is performedhe

characteristic W(T,) is measured for different values of the

ambient temperature,T at the fixed currentyl of a small
value. According to the considerations includedlis], the
slopeF of this characteristic is determined from

U —U
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whereUak denotes the forward biased diode voltddg, =
1.206 V for silicon,T, is the ambient temperature— the
Boltzmann constant argidenotes the electron charge.

In the second stage, the swit® is permanently
switched-on and switched-off. When the swit& is
switched-on, the electrical power is dissipatedniyain the
power bipolar transistor — represented here byititch S,,.
Due to the dissipated power, the inner temperatdirthe
MSR rises over the ambient temperature. When thtelsw
S is switched-off, the voltagtl, across the body diode is
measured. At the thermal steady-state the elettpicaer
Py, dissipated inside the regulator (switchi$ closed) and
the voltage W, on the diode [ (switch S is opened) are
measured.

In the third stage, the thermal resistance is taied
from
R, = Una —Un -1
h

= 3)
R —Ua Oy

temperature at the steady-state are obtained wieetirhe
dependence of the power of the rectangular higipiacy
wave or of the Heaviside function of the magnitedeal to
the average value of the dissipated power are used.

3. PRACTICAL REALIZATION OF THE METHOD

A way of realizing the method depends on the
application circuit of the considered regulator. finis
Chapter the measuring sets of the pulse voltagelaty
operating in the Boost converter (LT1073) and thekb
converter (L296) are presented and described.

3.1. LT1073 regulator

To realize the proposed method, the measuringaset f
LT1073 regulator, presented in Fig.2, has been arut
and tested.

In Fig.2 the block A represents the elements of the
application circuit of the LT1073, the block B repents the
source of the measuring current, the block C —ersgmts the
switch § along with its control circuit and the block D
represents the measuring amplifier.

The power transistor (switch,pand the body diode
existing in the considered regulator are situatetivben the
terminals 3, 4 and 1, 2, respectively.
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Fig.2. The measuring set for the regulator LT1073

The regulator LT1073 operates in the typical agpion
circuit of the switched stabilizer with the boostneerter.
The resistors Rand R realize the feedback loop, whereas
the resistor Ris used to measure the current of the switch

whereU,. denotes the Jvoltage in the steady-state whensg, The power network (block A) is also composed hef t

the switch $is in the off stagePy, is the power dissipated
in the MSR when the switch, & in the on stage.

Due to the power dissipated in the investigatedagew
the form of a rectangular wave of the frequencyhbighan
10 kHz [12, 13]. Therefore, the average value ef plower
is taken into account to calculate the thermalstaace
according to Eq. (1). Such an approach is corteatause as
it was proved in [17], the identical values of thevice inner

diode D, the impedance coil L, the output capaciafy
and the load resistancg.R

The voltage across the forward biased substratdedio
connected between the terminals 2 and 5 is treasethe
thermosensitive parameter.

The source of the measuring currgpid realized by the
resistor R situated between the terminal number 2 of the



regulator and the source of the negative supply. | ™77 Toipy T T T T[T R

|

|

The main task of the transistor IRF9530 situatethin ° |
block C is to switch the supply of the regulatotveen its |
two operation conditions: the normal operating dtonl analoguei
and the measuring one. The other elements exigtirige output

same block ensure the changing of the output veltighe
A/D converter (TTL standard) to the value which iqueees
switching-on and switching-off the transistor ay asalue of
the input voltage Y, The voltage across the forward
biased body diode is measured by the A/D conveftbe
measuring amplifier (the block D) operating in tadder
configuration is indispensable to assure the higluacy of ¢ oo

the measurement. This adder adapts the level of thE

measuring voltage to the range of A/D conversion.

In the method the average power is calculated from L

v, 0, -V |y 2 o | (4)
Pth \/ln EI|n Ra Eﬁl-'-VD I:El Tsji| I|n EERL-'-RS%J

where \,, |, are the average values of the input voltage and
current respectively, ¥/ Vp are the output voltage of the
stabilizer and the voltage across the diode duriisg
switching-on respectively, T denotes the period of the
signal controlling the switch, whereag is the turn-on time . __________________ ——_—_—____

of the switch. The values ofpy t,, Ts are obtained from Fig.3. The measuring set for L296
waveforms of the voltage at the terminal numberf 3he
LT1073. This waveform has to be measured immediatel
before the power pulses are switched —off.

digital
input

4. VERIFICATION OF THE METHOD

To verify the correctness of the proposed methbd, t
measurements of the thermal resistance of the atmal

dissipated in the load resistance and the elensxigsng in ) =
. . LT1073 and L296 as a function of the dissipated gt
the measuring set, from the power received fromstyply various cooling conditions of these regulators, ehdeen

source yp The commutation power dissipated in the diode f q
when it was switched, was omitted in Eq. (4). performed.

3.2. L296 regulator

Eq. (4) was formulated by subtracting the averamegy

The results of the thermal resistance measurenunts
the regulator LT1073 as a function of the dissiggtewer

Fig.3 presents the circuit for measuring the thdarma()btalned both: by the proposed method (triangleiss,

. o : method from [14] (squares) and the infrared meffoirdles)
resistance of the monol|th_|c vqltage regulator L2_9'ﬂ_31|s are presented in Fig. 4. The investigated device sitaated
circuit is composed of the identical blocks as ¢hesisting : : :

. s g on the universal PCB (105x65 mm) oriented horizipnta
in the circuit shown in Fig.2, except the blockrBpresents

the application circuit of the considered devicetHis block 120
the capacitor gsc along with the resistor &2¢ determine . LT1073
the value of the frequency of the signal contrgllithe 100 weep LU - .

power switch existing in the L296 regulator. Themsénts

R and G are responsible for the frequency compensation of
the error amplifier, whereas the capacitgg Gperates in the
soft start circuit. Apart from the regulator L2%Bgere are
some additional elements, such as: the diodg the
inductor L, the output capacitor@nd the load resistance R 20 e-e-e theinfrared method
in the power network existing in the buck converter

¥ 604 +-a-a the new method
o

404 =-=-= the method from [14]

The average power dissipated in the regulator is 05 5,7 6,9 ;L,l i,s ‘1,5 17
described by Eq (4). P W]

The low level of the voltage at the digital inputseres
that the regulator operates in the typical applbcatircuit
(Buck), whereas the high level of this voltage tfet same
input terminal) causes switching-off the supply tfe As seen, the thermal resistance values obtaingd alit
regulator and polarization of the substrate diodethe o considered methods are nearly the same. Nuit{le
forward mode. thermal resistance slightly decreases with an aszef the

Fig.4. The measuring results of the thermal resistee of the LT1073 on
the dissipated power



electrical power. The values of the, Rbtained with the In the whole considered range of the dissipatedepaive
infrared method are lower than the other resultsmiobd thermal resistance degreases with an increase ef th
with the electrical methods. This is so, becausethe dissipated power.

infrared method, the case temperature of the regula

LT1073, instead of its inner one, has been takeo in 50
account to obtain theyRvalue of the considered device. ;‘z’ L296
In Fig.5 the results of measurements of the depwwle 35 ., N
of the thermal resistance on the regulator inpltage Vsyp S 30 D ..._Zif"--f:'ffi.: ----- )
(see Fig. 2) at different cooling conditions of ttegulator 2, 251
LT1073 are presented. The voltage regulator undst t .5 201
operates in the measuring set presented in Fig&.ldad 154 +=+  the new method
resistance Ris equal to 15@. During the investigations 10 === the method from [14]
the LT1073 was situated on the PCB of the dimerssion 51 ++« theinfrared method
110x105 mm oriented horizontally (curve a) or \catiy 0 ‘ ‘ ‘ ‘ ‘ ‘ ‘
(curve b). Apart from this, the curve c present® th 04 06 08 ! v2o 1416 18 2
situations, when horizontally oriented PCB is addilly P W]
situated inside the typical metal box of the dini@ns  Fig.6. The measuring results of the thermal resiahce of the regulator
83x148x150 mm. The curve d concerns the LT1073 L296 on the dissipated power
operating along with the aluminium heat-sink of the
dimensions 18,5x11,5x1 mm, adhesive to the devise,c In turn, in Fig.7 the dependence of the thermdktasce
whereas the PCB was oriented horizontally. of the regulator L296 on the voltage at its inpbtained

with the new method and the infrared one at varmmging

As seen, the values of thenRare lower of about 5% conditions of the device is presented. In this rigthe

when the PCB is oriented vertically. However, wh@e  measuring results of the device operating withbet heat-
LT1073 is placed inside the box, an increase ofhigsmal  sijnk and on the aluminium heat-sink (20x36x1 mmd ar

resistance of about 10% is observed. The use abxtegnal genoted by the broken and the solid lines, resgelgti The

heat-sink causes a decrease of the thermal resssiaiue  geyice load resistance, Rias equal to 5.0 and 2.550 for
of the LT1073 even more than 20%. device operating without and with the heat-sink,

. respectively.
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= 707 a0 ¢ . :
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Fig.5. The dependence of the LT1073 thermal resistae on the
regulator input voltage for its various cooling comlitions Fig.7. The measuring results of the thermal resiahce of the regulator

L296 on the regulator input voltage

In Fig.6 the measured dependence of the thermal
resistance of the regulator L296 on the dissipaieder
inside them is presented. In this figure trianglesote the
results obtained with the proposed method, squarése
results obtained with the method from [14] whereiasles —
the results obtained by the infrared method. Thestigated
device was situated on the PCB (125x74 mm) oriented- CONCLUSIONS

horizontally. In the paper the new method of measuring the tHerma
As seen, the measuring results obtained with the nefesistance of the monolithic switching regulators i

method and the method from [14] fit well to eachest The ~Proposed. The correctness of this method was proved

values of the thermal resistance measured withiseeof the ~ €xperimentally. The values of the thermal resistantthe
infrared method are about 2 K/W lower than thesmiobd ~ égulators LT1073 and L296 measured with the nethate

with the electrical methods. This difference resdifom the and with the other methods have been compared. The

fact that in the infrared method the temperaturthefdevice differences are less than a few percentage, butnéve
surface instead of the device inner temperaturedasured. Method gives the lower values of.R

As seen, the device thermal resistance decreaseswi
increase of the input voltage. When the heat-sinksed, a
five-time-degrease of the device thermal resistamce
observed.
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