
































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































APPLICATION NOTE 

Samples with the indicated characteristics were 
. prepared: 

Package DIP (16+2+2) DIP (12+3+3) 

Frame Material Copper Copper 

Frame Thickness O.4mm O.4mm 

Frame Thermal 3.9W/cmDC 3.9W/cmDC 
Conductivity 

Measurement of junction to pin thermal resistance 
Rth(j-p) is performed by holding the package (with 
the heat transfer leads soldered on a copper plate) 

Figure 2. Measurement of Rth(j-p) 

against a water cooled heat sink, according with 
fig. 2. A thermocouple placed in contact with the 
plate measures the reference temperaturE!. 
For junction to ambient thermal resistance Rth(j-a) 
the samples are suspended horizontally in a one 
cubic foot box, to prevent drafts. 
The effect of "on board" external heat sinks shown 
in fig. 1 is quantified, using a test board which has 
two 4 x 4 cd dissipating areas, one of each side 
of the package. These areas are mechanically 
reduced in order to study the effect of their size on 
thermal performance. 
The measurement circuit shown in fig. A3 is used 
for all of the thermal evaluations. 

PRESSURE eLi PPI NG 

-
CONNECTION 
THIN WIRES 

I HEAT TRASFER LEAD 
r-'-'=t 

SIGNAL LEAD �-�~�\�\�'�~�'�1�1�~�~�~�~�,�\�~�\� . .:::; ____ SOLDERED JOINT 
COPPER FOIL --. _/ \ 

{ 
WATER-COOLED 
COPPER-BLOCK 

LTHERMAL 
GREASE 

5-9783 

THERMOCOUPLE 

JUNCTION TO PIN THERMAL RESISTANCE 

The dependance of Rth(j-p) on the dissipated 
power is negligeable compared to the absolute 
value: starting from 1 Watt to 10 Watts the Rth(j-p) 
increases of about O.5C/W due to the lowering of 
silicon thermal conductivity with the increasing of 
·temperature. An important contribution to Rth(j-p) 
is given by the silicon die and in fig. 3,4 is showed 
the relationship between Rth(j-p) and the dissipat­
ing area existing on the silicon die (power diodes, 
poVlier transistors, high current resistors), for differ- . 

ent die sizes. 
In the figures two curves area reported: the lower 
one is referring the Rth(j-p) measured at the pin 
stand-off, the upper one is referring to the Rth(j-p) 
measures at 1.5 mm from the pin stand-off (1.5 mm 
is the typical thickness of FR4 board). 
The upper curve must be used for the application 
in which the heat sink is placed in the lower side of 
PCB and the lower curve must be used when the 
heat sink il'j placed on the upper side of PCB. 
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APPLICATION NOTE 

Figure 3· POWER DIP 16+2+2 Rlh(j.p) vs on die dissipating area 
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Figure 4 • POWER DIP 12+3+3 Rlh(j.p) vs on die dissipating area 
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APPLICATION NOtE 

JUNCTION TO AMBIENT THERMAL 
RESISTANCE sistors and the sensing diode. The lower curve is 

obtained with a very large heat sink (35 11m thick 
4 x 4cni copper area for each side) while the other 
curve refers the packages mounted on board with 
no heat sink. 

Fig. 5,6 give the junction to ambient thermal resist­
ance Rth(j-a) of the package vs dissipated power; 
it evidences the effect of the board in improving the 
exchange of the heat towards the ambient. The 
upper curve refers to samples suspended in. air, 
with eight thin wire connecting the dissipating tran-

Rth is decreasing when power is increased, due to 
a better heat transfer efficiency at higher temperature. 

Figure 5 - RthU.a) of DIP (16+2+2) package vs dissipated power 
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Figure 6 - Rth(j-a) of DIP (12+3+3) package vs. dissipated power 
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The effect of on board heat sinks with different size 
is summarized in fig. 8,9; thermal resistance in 
given vs the side I of the two thick copper squares, 
obtained in the lower side of the test board and 
dedicated to heat dissipation (see fig. 7 for test 
board). Standard thickness of 35).!m was used for 
the characterization as the most part of PCb appli­
cation but a large improvement can be easily ob-

tained with a thicker copper heat sink on board: 
70).!m and 105).!m (respectively 2 and 3 oz.) are 
strongly increasing the thermal performances of the 
considered POWER DIP application. These solu­
tions can be attractive for low complex PC board 
with a cost saving in avoiding large external heat 
sink or forced ventilation. 

Figure 7 - Test board with two "on board" square heat sinks vs side I 

P.C. BOARD 

1219 



APPLICATION NOTE 

Figure 8 - Rlh(j-a) of POWER DIP 16+2+2 vs side I for heat sink on the PCB lower side 
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Figure 9 - Rlh(j-a) of POWER DIP 12+3+3 vs side I for heat sink on the PCB lower side 
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TRANSIENT THERMAL RESISTANCE PCB is effective also for short pulse width (less 1 
sec.). Due to a significant thermal capacitance a 
correspondingly long risetime, single pulse up to 
10W can be delivered to the system for 1 s with 
acceptable junction temperature increase. 

The effect of single pulse of different length and 
height, is shown in fig. 10,11 for POWER DIP 
16+2+2 and 12+3+3. Thicker copper heat sink on 

Figure 10 - DIP 16+2+2 Transient thermal resistance for single pulses 
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Figure 11 - DIP 12+3+3 Transient thermal resistance for single pulses 
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Repeatition of pulses with defined Pd, period and 
duty cycle DC (ratio between pulse length and 
signal period), gives rise to an average temperatu re 
increase: 

Junction temperature is oscillating about the mean 
value as qualitatively shown in fig. 12. The transient 
thermal resistance corresponding to the upper limit 
(peak transient thermal resistance) is reported in 
fig. 13,14 and depends on pulse length and duty 
cycle. It can be noticed that DC becomes less 
effective for longer pulses. 

~Tavg = Rth X Pdavg = Rth X Pd X DC 

8/13 
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Figure 12 
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Figure 13 - Peak Transient Thermal resistance of DIP (16+2+2) 
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Figure 14 - Peak transient thermal resistance of DIP (12+3+3) 
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APPENDIX 

TEST PAITER P638 

For thermal measurement 

Test patterm P638 is designed for thermal meas­
urement following SEMI guideline G32 (see SEMI 

Figure A 1 - P638 test pattern 

: : : : 
: : : : 

C B E p 

APPLICATION NOTE 

Standard Handbook, 1986/87). 
It has two bipolar power transistor with area of about 
3000 sq. mils and one sensing diode (see Fig. A 1). 
The lay-out is optimized in order to have a uniform 
temperature, once the two transistors are powered: 
the sensing diode is placed at the center of this 
area. 

.. .. ... 

N E B C 
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ward voltage drop: Die size of single unit is 80 x 80 sq. mils; wafer 
thickness is about 280 microns. 

The relationship between the forward voltage VI of 
the diode at a constant current of 100 IlA and the 
temperature is linear, with a coefficent K = 1.85 
mV/C (see Fig. A2). 

~ Tj= (Vf1- Vf2) 
K 

Therefore changes ~Tj in junction temperature of 
the dissipating element formed by the two transis­
tors, can be easily obtained from the diode for-

(V12 is the diode forward voltage at ambient tem­
perature and Vf1 is the voltage when the transistors 
are dissipating). 

For thermal resistance evaluation the measure­
ment circuit is showed in Fig. A3. 

Figure A2 - Calibration curve (sensig diode). 
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Tipical conditions are: 

Pd (Watt) Vee (Volt) Ie (rnA) 

0.1 1.0 100 

0.2 2.0 100 

0.3 3.0 100 

0.5 5.0 100 

0.75 7.5 100 

1.0 10.0 100 

1.5 15.0 100 

2.0 20.0 100 

3.0 15.0 200 

5.0 25.0 200 

10.0 25.0 400 

Each transistor is able to dissipate up to 10 Watt 
due to presence of second breakdown. 

APPLICATION NOTE 
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DESIGNING WITH THERMAL IMPEDANCE 
BY T.HOPKINS, C.COGNETTI, R.TIZIANI 

REPRINT FROM "SEMITHERM PROCEDINGS" S.DIEGO (U.S.A.) 1988. 

ABSTRACT 
Power switching techniques used in many modern 
control systems are characterized by single or repe­
titive power pulses, which can reach several hun­
dred watts each. In these applications where the 
pulse width is often limited to a few milleseconds, 
cost effective thermal design considers the effect of 
thermal capacitance. When this thermal capacit­
ance is large enought, it can limit the junction tem­
perature to within the ratings of the device even in 
the presence of high dissipation peaks. This paper 
discusses thermal impedance and the main par­
ameters influencing it. Empirical measurements of 
the thermal impedance of some standard plastic 
packages showing the effective thermal impedance 
under pulsed conditions are also presented. 

INTRODUCTION 
Power switching applications are becoming very 
common in many industrial, computer and automo­
tive ICs. In these applications, such as switching 
power supplies and PWM inductive load drivers, 
power dissipation is limited to short times, with 
single or repeated pulses. The normal description 
of the thermal performance of an IC package, 
Rth(j -a) (junction to ambient thermal resistance), is 
of little help in these pulsed applications and leads 
to a redundant and expensive thermal design. 

This paper will discuss the thermal impedance and 
the main factors influencing it in plastic semiconduc­
tor packages. Experimental evaluations of the ther­
mal performance of small signal, medium power, 
and high power packages wil be presented as case 
examples. The effects of the thermal capacitance of 
the packages when dealing with low duty cycle 
power dissipation will be presented and evaluated 
in each of the example cases. 

THERMAL IMPEDANCE MODEL FOR 
PLASTIC PACKAGES 

The complete thermal impedance of a device can 
be modeled by combining two elements, the ther­
mal resistance and the thermal capacitance. 

AN261/0189 

The thermal resistance, Rth, quantifies the capa­
bility of a given thermal path to transfer heat. The 
general definition of resistance of the thermal path, 
which includes the three different modes of heat 
dissipation (conduction, convection and radiation), 
is the ratio between the temperature increase above 
the reference and the heat flow, DP, and is given by 
the equation: 

L1T L1T 
Rth=--

L1P L10 

L1t 

Where: L10 = heat 
L1t = time 

Thermal capacitance, Cth, is a measure of the ca­
pability of accumulating heat, like a capacitor accu­
mulates a charge. For a given structural element, 
Cth depends on the specific heat, c, volume V, and 
density d, according to the relationship: 

Cth=cdV 

The resulting temperature increase when the ele­
ment has accumulated the heat 0, is given by the 
equation: 

L1 T = L10/Cth 

The electrical analogy of the thermal behaviour for 
a given application consisting of an active device, 
package, printed circuit board, external heat sink 
and external ambient is a chain of RC cells, each 
having a characteristic time constant: 

. '1:= RC 

To show how each cell contributes to the thermal 
impedance of the finished device consider the sim­
plified example shown in figure 1. The example de­
vice consists of a dissipating element (integrated 
circuit) soldered on a copper frame surrounded by 
a plastic compound with no external heat sink. Its 
equivalent electrical circuit is shown in figure 2. 

The first cell, shown in figure 2, represents the ther­
mal characteristics of the silicon itself and is charac­
terized by the small volume with a correspondingly 
low thermal capacitance, in the order of a few mJ/C. 
The thermal resistance between the junction and 

1114 
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the silicon/slug interface is of about 0.2 to 2 °C/W, 
depending on die size and on the size of the dissi­
pating elements existing on the silicon. The time 
constant of this cell is typically in the order of a few 
milliseconds. 

The second cell represents the good conductive 
path from the silicon/frame interface to the frame pe­
riphery. In power packages, where the die is often 
soldered directly to the external tab of the package, 
the thermal capacitance can be large. The time con­
stant for this cell is in the order of seconds. 

From this point, heat is transferred by conductionto 
the molded block of the package, with a large ther­
mal resistance and capacitance. The time constant 
of the third cell is in the order of hundreds of sec­
onds. 

After the plastic has heated, convection and radia­
tion to the ambient starts. Since a negligible capa­
citance is associated with this phase, it is 
represented by a purely resistive element. 

Figure 1 : Simplified Package Outline. 

MOLD 

~--...:!~"-, CHIP < ~:rFRAME 
5-10621 

When power is switched on, the junction tempera­
ture increase is ruled by the heat accumulation in 
the cells, each following its own time constant ac­
cording with the equation: 

~ T = Rth Pd [1 - e(II1)] 

The steady state junction temperature, Tj, is a func­
tion of the Rth 0 a) of the system, but the tempera­
ture increase is dominated by thermal impedance in 
the transient phase, as is the case in switching ap­
plications. 

A simplified example of how the time constants of 
each cell contribute to the temperature rise is shown 
in figure 3 where the contribution of the cells of 
figure 2 is exaggerated for a better understanding. 

When working with actual packages, it is observed 
that the last two sections of the equivalent circuit are 
not as simple as in this model and possible changes 
will be discussed later. However, with switching 
times shorter than few seconds, the model is suffi­
cient for most situations. 

Figure 2 : Equivalent Thermal Circuit of Simplified. 

R fh si R th frame R th mold 

T ~J~~-Tamb 'L_ 11-· L-IJ---l LU_ J ~. 
C In 51 C Ih frame C th mold 

~-106n 

Figure 3: Time Constant Contribution of Each Thermal Cell (qualitative example). 
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EXPERIMENTAL MEASUREMENTS 

When thermal measurements on plastic packages 
are performed, the first consideration is the lack of 
a standard method. At present, only draft specifica­
tions exist, proposed last year and not yet standar­
dized (1). 

The experimental method used internally for evalu­
ations since 1984 has anticipated these preliminary 
recomendations to some extent, as it is based on 
test patterns having, as dissipating element, two 
power transistors and, as measurement element, a 
sensing diode placed in the thermal plateau arising 
when the transistors are biased in parallel. 

Figure 4. 

APPLICATION NOTE 

The method used has been presented elsewhere 
(2) for the pattern P432 (shown in figure 4), which 
uses two small (1000 sq mils) bipolar power tran­
sistors and has a maximum DC power capability of 
40 W (limited by second breakdown of the dissipat­
ing elements). 

A similar methodology was followed with the new 
H029 pattern, based on two D-Mos transistors (3) 
having a total size of 17.000 sq mils and a DC power 
capability of 300 W on an infinite heat sink at room 
temperature (limited by thermal resistance and by 
max operating temperature of the plastics). 

a) P432 Test Die 

D.C. 
SUPPLY 

PULSE 
GENERATOR 

b) P432 Measurement System 

D.C. 
SUPPLY 

FAST 
DVM 

5 -1062311 
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Using the thermal evaluation die, four sets of 
measurements were performed on an assortment 
of insertion and surface mount packages produced 
by SGS-Thomson Microelectronics. The complete 
characterization is available elsewhere (4). The four 
measurements taken were: 

Figure 5. 

1) Junction to Case Thermal Resistance (Power 
Packages) 

2) Junction to Ambient Thermal Resistance 
3) Transient Thermal Impedance (Single Pulse) 
4) Peak Transient Thermal Impedance (Repeated 

Pulses) . 

a) H029 Test Die 

D.C. 
SUPPLY 
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b) H029 Measurement System 

FAST 
DVM 

STORAGE 
SCOPE 

5-10624 11 



APPLICATION NOTE 

Figure 6 : Set-up for Rth (j - c) Measurement. 

PRESSURE CLIPPING 

CONNECTION 
THIN WIRES 
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COPPER SLOCK 

~THERMAL 
GREASE 

The junction to case thermal resistance measure­
ments were taken using the well known setup shown 
in figure 6 where the power device is clamped 
against a large mass of controlled temperature. 

The junction to ambient thermal resistance in still air, 
was measured with the package soldered on stan­
dard test boards, described later, and suspensed in 
1 cubic foot box, to prevent air movement. 

The single pulse transient thermal impedance was 

5-97&5 

THERMOCOUPLE 

measured in still air by applying a single power pulse 
of duration to to the device. The exponential tem­
perature rise in response to the power pulse is 
shown qualitetively in figure 7. In the presence of 
one single power pulse the temperature, /!,. T max, 
reached at time to, is lower than the steady state 
temperature calculated from the junction to ambient 
thermal resistance. The transient thermal imped­
ance Ro, is obtained from the ratio /!,.T max/Pd. 

Figure 7 : Transient Thermal Response for a Single Pulse. 

T amb _L __ +--____ ---=="'-___ _ 
Pd J _____ .Il-__ _ 

10 
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The peak transient thermal impedance for a series 
of repetitive pulses was measured by applying a 
string of power pulses to the device in free air. When 
power pulses of the same height, Pd, are repeated 
with a given duty cycle, DC, and the pulse length, 
tp, is shorter than the total time constant of the sys­
tem, thetrain of pulses is seen as acontiuous source 
with mean power level given by the equation: 

Pdavg = Pd DC 

Figure 8 : Transient Thermal Response for 
Repetitive Pulses. 
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On the other hand, the silicon die has a thermal time 
constant of 1 to 2 ms and the die temperature is able 
to follow frequencies of some kHz. The result is that 
Tj oscillates about the average value: 

ATjavg = Rth Pdavg 

The resulting die temperature excursions are shown 
qualitatively in figure 8. The peak thermal impede 
ance, Rthp, corresponding to the peak temperature, 
DT max, at the equilibrium can be defined: 

Rthp = AT max/Pd = F (tp, DC) 
The value of Rthp is a function of pulse width and duty 
cycle. Knowledge of Rthp is very important to avoid a 
peak temperature higher than specified values 
(usually 150·C). . 

EXPERIMENTAL RESULTS 

The experimental measurements taken on several 
of the packages tested are summarized in the fol­
lowing sections. 

MUL TIWATT PACKAGE 
The MULTIWATT (R) package, shown in figure 9a, is 
a multileaded power package in which the die is at­
tached directly t9 the tab of package using a soft solder 

6/14 

1234 

(Pb/Sn) die attach. The tab of the package is a 1.5 
mm thick copper alloy slug. The thermal model of the 
MUL TIWATT, shown in figure 9b, is not much differ­
ent from that shown in figure 2. The main difference 
being that when heat reaches the edge of the slug, 
two parallel paths are possible ; conduction towards 
the molding compound, and convection and radiation 
towards the ambient. After a given time, convection 
and radiation taked place from the plastic. 

Figure 9. 

a) MULTIWATT Assembly 

b) Equivalent Thermal Circuit 

R th mold 

T I 

R th 
C th SI C th frame T C'tmb 

S -10625 

Using the two test die, the measured junction to 
case thermal resistance is : 

P432 Rth U c) = 2'C/W 

H029 Rth U c) = O.4"C/W 

The measured time constant is approximately 1 ms 
for each of the two test patterns, but the two devices 
have a different steady state temperature rise. 



The second cell shown in figure 9 is dominated by 
the large thermal mass of the slug. The thermal re­
sistance of the slug, Rthslug is about 1 °CfW and the 
thermal time constant of the slug is in the order of 1 
second. 

The third RC cell in the model has a long time con­
stant due to the mass of the plastic molding and its 
low thermal conductivity. For this cell the steady 
state is reached after hundreds of seconds. 

For the MUL TIWATT the DC thermal resistance of 
the package in free air, Rth j a, is 36 °CfW with the 
P432 die and 34SCfW with the H029 die. 

Figure 10 shows the single pulse transient thermal 
impedance for the MUL TIWATT with both the P432 
and H029 test die. As can be seen on the graph, the 
package is capable of high dissipation for short peri­
ods of time. For a die like the H029 the power de­
vice is capable of 700 to 800 W for pulse widths in 
the range of 1 to 10 ms. For times up to a few sec­
onds the effective thermal resistance for a single 
pulse is still in the range of 1 to 3 °CfW. 

The peak transient thermal impedance for the 
MUL TIWATT package containing the P432 die in 
free air is shown in figure 11. 

APPLICATION NOTE 

POWER DIP PACKAGE 

The power DIP package is a derivative of standard 
small signal DIP packages with a number of leads 
connected to the die pad for heat transfer to exter­
nal heat sinks. With this technique low cost heat 
sinks can be integrated on the printed circuit board 
as shown in figure 12a. The thermal model of the 
power DIP, shown in figure 12b accounts for the ex­
ternal heat sink on the circuit board by adding a sec­
ond RC cell in parallel with the cell corresponding to 
the molding compound. 

In this model, the second cell has a shorter time con­
stant than for the MUL TIWATT package, due in 
large part to the smaller quantity of copper in the 
frame (the frame thickness is 0.4 mm compared to 
1.5 mm). Thus the capacitance is reduced and the 
resistance increased. 

The increased thermal impedance due to the frame 
can partially be compensated by a better thermal 
exchange to the ambient by adding copper to the 
heat sink on the board. The DC thermal resistance 
between the junction and ambient can be reduced 
to the same range as the MUL TIWATT package in 
free air, as shown in figure 13. 

Figure 10 : Transient Thermal Response MULTIWATT Package. 
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APPLICATION NOTE 

Figure 11 : Peak Thermal Resistance MULTIWATT Package. 
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Figure 13 : Rth (j - a) vs. PCB Heat Sink Size 12 + 3 + 3 Power Dip. 
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As a comparison, figure 14 compares the thermal 
performance of the power DIP and the MUL TIWA TT 
package. It is clearly seen that even though the DC 

thermal resistance may be similar, the MUL TIWA TT 
is superior in its performance for pulsed applica­
tions. 

Figure 14 : Transient Thermal Impedance for Single Pulses in Power DIP and MUL TIWATT 
Packages. 
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APPLICATION NOTE 

STANDARD SIGNAL PACKAGES 

In standard, small signal, packages the easiestther­
mal path is from the die to the ambient through the 
molding compound. However, if a high conductivity 
frame, like a copper lead frame, is used another path 
exists in parallel. Figure 15 shows the equivalent 
thermal model of such a package. The effectiveness 
of a copper frame in transferring heat to the board 

Table 1 : Thermal Resistance of Signal Packages 

can be seen in the experimental results in DC con­
ditions. 

Table 1 shows the thermal resistance of some 
standard signal packages in two different condi­
tions ; with the device floating in still air connected 
to the measurement circuit by thin wires and the 
same device soldered on a test board. 

Package Frame Thickness & Material Rth (i-a) Floating °C/W on Board 

DIP 8 (OA mm Copper) 

DIP 14 (OA mm Copper) 

DIP 16 (OA mm Copper) 

DIP 20 (OA mm Copper) 

DIP 14 (0.25 mm Copper) 

DIP 20 (0.25 mm Copper) 

DIP 24 (0.25 mm Copper) 

DIP 20 (0.25 mm Alloy 42) 

SO 14 (0.25 mm Copper) 

PLCC 44 (0.25 mm Copper) 

The transient thermal resistance for single pulses 
for the various packages are shown in figures 16 
through 20. 
The results of the tests, as shown in the preceding 
figures, show the true capabilities of the packages. 
For example, the DIP 20 with a Alloy 42 frame is a 
typical package used for signal processing applica­
tions and can dissipate only 0.5 to 0.7 W in steady 
state conditions. However, the transient thermal im­
pedance for short pulses is low (11 C/W for tp = 
100 ms) and almost 7 Watts can be dissipated for 
100 ms while keeping the junction temperature rise 
belowaO'C. 

The packages using a 0.4 mm Copper frame have 
a low steady state thermal resistance, especially in 

Figure 15. 

t 

5 - 10627 

a) DIP Package Mounted on PCB 
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125-165 78-90 

98-128 64·73 

95-124 62-71 

85-112 58-69 

115-147 84-95 

100-134 76-87 

67-84 61-68 

158-184 133-145 

218-250 105-180 

66-83 48-72 

the case of the DIP 20. The thicker lead frame in­
creases the thermal capacitance of the die flag, 
which greatly improves the transient thermal imped­
ance. In the case of the DIP 20, which has the lar­
gest die pad, the transient Rth for 100 ms pulses is 
about 4.3'CIW. This allows the device to dissipate 
an 18 Watt power pulse while keeping the tempera­
ture rise below 80'C. 

As with the previous examples the peak transient 
thermal impedance for repetitive pulses depends on 
the pulse length and duty cycle as shown in figure 
14. With the signal package, however, the effect of 
the duty cycle becomes much less effective for longer 
pulses, due primarily to the lower thermal capacit­
ance and hence lower time constant of the frame. 

P 1h mold 

Tamb 

S _10621111 

~Tamb 
C th l~d C th board 

b) Equivalent Thermal Circuit DIP 
Package on PCB 
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Figure 16 : Transient Thermal Impedance DIP 20 (alloy 42). 
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APPLICATION NOTE 

Figure 18 : Transient Thermal Impedance 0.25 mm Copper Frame DIP Packages. 
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APPLICATION NOTE 

Figure 20 : Transient Thermal Impedance 0.25 mm Copper Frame S014 Package. 
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APPLICATION NOTE 

CONCLUSION 
This paper has discussed a test procedure for 
measuring and quantifying the thermal characteris­
tics of semiconductor packages. Using these test 
methods the thermal impedance of standard inte­
grated circuit packages under pulsed and DC con­
ditions were evaluated. From· this evaluation two 
important considerations arise: 

1) The true thermal impedance under repetitive 
pulsed conditions needs to be considered to main­
tain the peak junction temperature within the rating 
for the device. A proper evaluation will result in junc­
tion temperatures that do not exceed the specified 
limits under either steady state or pulsed conditions. 

2) The proper evaluation of the transient thermal 
characteristics of an application should take into ac­
count the ability to dissipate high power pulses 
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allowing better thermal design and possibility reduc­
ing or eliminating expensive external heat sinks 
when they are oversized or useless. 
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APPLICATION NOTE 

THERMAL MANAGEMENT IN SURFACE MOUNTING 

The evolutionary trends of integrated circuits and 
printed circuits boards are, in both cases, towards 
improved periormance and reduced size, From 
these points of view, a factor of major importance 
has been mutual thermal interaction between ICs, 
even those with low dissipation. 

It follows then that thermal design of medium and 
high density applications has evolved to include fac­
tors such as power effects, die size, package ther­
mal resistance, integration level of active devices 
and substrate type. Added to this a trend towards 
greater use of switching techniques exists. 

Today, in order to design reliable application cir­
cuits, it is necessary to have complete data on pack­
age thermal response characteristics. In fact, it is a 
well known and long established fact that device life­
time has an exponential relationship with junction 
temperature. 

PRELIMINARY CONSIDERATIONS 

Heat dissipation for DIPs with a low thermal conduc­
tivity frame (e.g. Alloy42) is due to convection and 
irradiation from an emiting area corresponding to 
the silicon die and the package die pad. 

Since heat transmission through the lead frame is 
very poor, dissipation does not depend greatly on 
substrate type. In fact, samples soldered on printed 
circuit boards, or inserted in connectors have near­
ly the same dissipation capability as samples sus­
pended in air. The difference, in the range of just 
10%, is commonly ignored and specifications for in­
sertion ICs only give one thermal resistance value, 
which is more than adequate for good thermal de­
sign. 

The question then arises, is the approximation valid 
for SO and PLCC packages? 

The answer is no ! Thermal characteristics for these 
devices are influenced by many factors. 

1) Device Related Factors 

size of the dissipating element 

dissipation level 

pulse length and duty cycle 

AN262/0189 

2) Package Related Factors 

• thermal conductivity of the frame 

• frame design 

3) Substrate Related Factors 

• thermal conductivity of the substrate 

• layout 

Therefore a number of parameters can change the 
thermal characteristics. These cannot be described 
by a single thermal resistance, in fact a set of ex­
perimental curves gives the best presentation. 

JUNCTION TO AMBIENT THERMAL 
RESISTANCE Rth(j-a) 

RthU-a) represents the thermal resistance of the sys­
tem and comprises the silicon die, the package, and 
any thermal mass in contact with the package to 
dissipate heat to the ambient. 

At a given dissipation level Pd, the increase in junc­
tion temperature L\ Tj over ambient temperature T a 
is given by : 

L\ Tj = RthU-a) X Pd 
Rthlj-a) is made up of many elements both within the 
device and external to it. 
If the device is considered alone, Rth(j-a) is given by 
the dissipation path from the silicon die to the lead­
frame, to the molding compound, to the ambient. 
Experimental values are very large in this con­
dition, especially for small packages such as 
Small Outline types. 
However, this situation is not met in practice and ex­
perimental data included in the present work indi­
cates the worst case (floating samples). In most 
applications, Suriace Mount Devices are soldered 
onto a substrate (commonly epoxy glass (FR4) and 
are in thermal contact with it through the soldered 
joints and the copper interconnections. In this case, 
the heat generated by the active circuit is transferred 
to the leadframe and then to the substrate. A new 
dissipation path thus exists in parallel with the pre­
vious one whose efficiency depends on the thermal 
conductivity of the frame and on the length of the 
printed circuit's copper tracks. Figure A shows the 
experimental module. 
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APPLICATION NOTE 

Figure A : Device Soldered to the Best Board, for 
Junction to. Ambient Thermal Resistan­
ce Measurement. 
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TEST DEVICE 

TEST BOARD 
L.P' 

CONNECTION 
PINS 

JUNCTION TO CASE THERMAL RESIS­
TANCE Rth(j-c) 

Rth(j'c) is the thermal resistance from the junction to 
a given area of the peackage's external surface 
where a heatsink is applied. 
In signal packages, a suitable area is its upper sur­
fac~. Measurements are made with the samples 
in good thermal contact with an infinite heatsink 
(fig. B). 

Figure B : Junction to Case Thermal Resistance 
Measurement. 
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When a heatsink of thermal resistance Rhs is attached 
to the package, the following relationship is valid: 

Rhs x R-
Rth(j.a) = RthU-c) + 

Where R- takes into account all the othfr dissipation 
paths (i.e. junction/frame/substrate). R is the lowest 
with low thermal conductivity frames. 
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In high power applications R- .. Rhs and RthU-a) 
= Rth(j-c) + Rhs 

JUNCTION TO PIN THERMAL RESISTAN­
CE Rth(j.p) 

In medium power packages RthU-p) is the thermal re­
sistance of the heat transfer leads, from the junction 
to the external heatsink. In most cases the external 
heatsink is integrated on the board. Figure C shows 
the experimental setup. 

Figure C : Junction to Pin Thermal Resistance 
Measurement. 
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TRANSIENT THERMAL RESISTANCE FOR 
SINGLE PULSES 

The electrical equivalent of heat dissipation for a 
module formed by an active device, its package, a 
PCB and the ambient, is a chain of RC cells, as 
shown in fig. D, each with a characteristic rise time 
('1:) = RC. 

Figure D : Equivalent Thermal Circuit Simplified 
Package. 
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The thermal capacitance of each cell is a measure 
of its ability to accumulate heat and depends on the 
specific heat, volume and density of the constituent 
materials. 

When power is switched on, the junction tempera­
ture after time it is governed by the heat impedance 
of the cells, each of which follows its own time con­
stant - this is analogous to the exponential charge 
of RC cells in an electrical circuit. 

For a pulse lenght to, the effective Tj can be signifi­
cantly lower than the steady state Tj (fig. E) and the 
transient thermal resistance Rth(to) can be defined 
from the ratio between the junction temperature at 
the end of the pulse and the dissipated power. 

Figure E : Temperature Rise for Single Power 
Pulse. 

S-97BL 

Obviously, this parameter is smaller for shorter pul­
ses and higher power can be dissipated without ex­
ceeding the maximum junction temperature defined 
from a reliability point of view. 
The knowledge of transient thermal data is an im­
portant tool for cost effective thermal design of 
switching applications. 

PEAK TRANSIENT THERMAL RESISTAN­
CE FOR REPEATED PULSES 
When pulses of the same height Pd are repeated 
with a duty cycle, DC, and a pulse width to, which is 
shorter than the overall system time constant, the 
train of pulses is seen as a continuous source of 
mean power Pdavg, where: 
Pdavg = Pd x DC 
However the silicon die has a time constant in the 
order of 1 to 2ms and is able to follow frequencies 
in the kHz range. Thus junction temperature oscil­
lates about an average value given by : 
Tjavg = Rth x Pdavg 
as is graphically shown in fig. F. 

APPLICATION NOTE 

Figure F : Temperature Rise for Repeated Power 
Pulses. 
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The thermal resistance corresponding to the peak 
of the steady state oscillations (peak thermal resis­
tance indicates the maximum temperature reached 
by the junction and, depending on duty cycle and 
pulse width, may be much lower than the DC ther­
mal resistance. 

EXPERIMENTAL METHOD 
Measurements were performed by means of the es­
pecially developed thermal test pattern P432, which 
is designed according to the Semiconductor Equip­
ment and Materials Institute (SEMI) G32 guideline. 
Test chip P432 is based on a dissipating element 
formed by two npn transistors, each with 1 OW power 
capability, and one sensing diode (fig. G). The diode 
is placed on the temperature plateau generated 
when the two transistors are biased in parallel, and 
gives the actual junction temperature Tj of the dissi­
pating element, through the calibration CUNe (fig. H) 
of its forward voltage Vf versus temperature at a 
constant current of 100flA. 

Figure G : ~hermal Test Pattern P432. 
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Figure H : Calibration Curve of P432 Tempera­
ture Sensing Diode. 
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Transistor size is intentionally limited to 1000sq. 
mils, in order to simulate high power density, char­
acterizing a worst case. Die size, which is found to 
have little influence on thermal resistance when a 
copper frame is used, is slightly smaller than the die 
pad size and never exceeds 30k sq mils even in the 
largest packages such as high pin count PLCCs. 

The measurement setup is shown in fig. I. it is com­
patiblewith DC and AC supplies and has an accu­
racy of better than 5%. 

Figure'l : Experimental Setup. 

The advantages offered by the test pattern are: 

• high power capability 

• repeatable VI and temperature coefficient 
(1.9mv(C) of the sensing element 

high resolution in pulsed 'conditions (1 OOIlS) 

• better correlation from one package to another. 
Both Alloy 42 and copper frames were considered 
for narrow SO packages (150mils body). For wide 
SO (300mils body) and PLCC packages only cop­
per frames were examined. Suitable test boards 
were deyeloped (figs J, K and L). 
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Figure J : Test Board Lay-out for SO Packages 
(150 mils body width) 
Board size is : 23 x 42mm2. 

Figure K : Test Board Lay-out for SO Packages 
(3000 mils body width) 
Board size is 38 x 43mm2. 

Figure K : Test Board for PLCCs 
Board size is 58 x 58mm2. 



MEDIUM POWER PACKAGES 

While surface mountsignallCs are readily available, 
almost all power ICs are still assembled in traditional 
insertion packages. 

Medium power 8M packages (Pd < 2W) can read­
ily be derived from existing small outline and chip 
carrier packages by modifying the leadframe - in 
much the same way that Powerdip packages were 
derived from standard Dips. 

This approach is particularly attractive because the 
external dimensions of the package are identical to 
existing low power packages, allowing the use of 
standard automatic assembly and test equipment. 
Frame modification is aimed at obtaining a low junc­
tion to pin thermal resistance path for the transfer of 
heat to a suitable external heats ink. A number of 
leads are connected to the die pad for this purpose. 
Two possibilities are considered here: a medium 
power PLCC44 with 11 heat transfer leads (fig. M) 
and a medium power 8020 with 8 heat transfer 
leads (fig. N). 

A cost effective heat spreader can be obtained on 
the board by means of suitably dimensioned copper 
areas. The heat transfer leads are soldered to there 
areas (fig. Ml , Nl). 

Figure M : Lead Frame for Medium Power 
PLCC44. 

APPLICATION NOTE 

Figure N : Lead Frame for Medium Power 8020. 

Figure M1 : Test.80ard for Medium Power 
PLCC44. 

Figure N1 : Test Board for Medium Power 8020. 
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APPLICATION NOTE 

THERMAL DATA OF SIGNAL PACKAGES 

SUMMARY OF JUNCTION TO AMBIENT THERMAL RESISTANCE IN STEADY STATE POWER DISSI­
PATION (SGS'THOMSON test board) 

Die Size (millinches) Power PO [W] Rth(j-a) [OC/W] on Board 

808 Alloy 42 90 x 100 0.2 250-310 
Copper 94 x 125 0.2 130-180 

8014 Alloy 42 98 x 100 0.3 200-240 
Copper 78 x 118 0.5 120-160 
Copper 98 x 125 0.7 105-145 

S016 Alloy 42 98 x 118 0.3 180-215 
Copper 94 x 185 0.5 95-135 

S016W Copper 120 x 160 0.7 90-112 

S020 Copper 140 x 220 0.7 77-97 

PLCC-20 Cu 180 x 180 0.7 90-110 

PLCC-44 Cu 260 x 260 1.5 50-60 

PLCC-68 Cu 425 x 425 1.5 40-46 

PLCC-84 Cu 450 x 450 2.0 36-41 

Rth (i·a) values correspond to low and high board density 

SUMMARY OF JUNCTION TO CASE THERMAL RESISTANCE 

Die Pad Size (millinches) Rth(j-a) [DC/W] 

PLCC20 140 x 140 25 

PLCC44 260 x 260 13 

PLCC68 425 x 425 10 

PLCC84 450 x 450 9 

JUNCTION TO AMBIENT THERMAL RESISTANCE IN STEADY STATE POWER DISSIPA­
TION 

Figure 1 : S08. 
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Figure 2: S014. 
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Figure 3 : S016. 
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Figure 4 : S020. 
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JUNCTION TO AMBIENT THERMAL RESISTANCE VS BOARD LAY-OUT 
(area of copper tracks on the board) 

Figure 9 : 8016. 
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TRANSIENT THERMAL RESISTANCE FOR SINGLE PULSES 

Figure 13: SOB. 
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PEAK TRANSIENT THERMAL RESISTANCE FOR REPEATED PULSES 

Figure 19: 8014. 
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APPLICATION NOTE 

THERMAL DATA OF MEDIUM POWER PACKAGES 

Rth(J-p) [OC/Wj (AVERAGE) Rth(l-a)" [OC/Wj 

80(12+4+4) 14 50 

PLCC (33 + 11) 12 41 

" with 6 sq. em. on board heat-sink. 

JUNCTION TO PINS THERMAL RESISTANCE VS ON DIE DISSIPATING AREA 

Figure 24: SO (12 + 4 + 4). 
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Figure 27 : PLCC (33 + 11). 
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Figure 29 : PLCC (33 + 11). 
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PEAK TRANSIENT THERMAL RESISTANCE FOR REPEATED PULSES. 

Figure 31 : PLCC (12 + 4 + 4). 
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APPLICATION EXAMPLES O.F THERMAL 
DATA 

Good thermal design begins with system and relia­
bility considerations. This turn is based on correct 
consideration of ambient and device temperature 
parameters. 

The ambient temperature T a defined for applications 
can range from 50 to 55°C, as is common in many 
consumer and computer applications, through to 
80°C or more in applications such as automotive sys­
tems. The ambient temperature depends on the vari­
ous heat and cooling sources surrounding the device. 
An important factor in device lifetime is junction tem­
perature -lifetime is approximately halved when junc­
tion temperature Tj is increased by 10°C. The 
maximum junction temperature commensurate with 

EXAMPLE 1 : Maximum dissipation for S016 
packaged device soldered onto an FR4 board 
(1 oz copper) under the following conditions: 

• Ambient temperature: T a = 70°C 

• Maximum Junction Temperature: Tjmax = 130°C 

The average length of the 12mils wide copper line 
connected to each pin is 80mils, soldering pads are 
30 x 40mils. The total are is thus: 

A = [(80 x 12) + 1200 x 16] = 34560sq.mils 

Figure 32 : PLCC (33 + 11). 
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good reliability, takes into account the activation en­
ergy of the failure mechanisms which may differ for 
various silicon and packaging technologies. 

In plastic packages the maximum Tjmax is 150°C, 
but lower values (100 to 120°C) may be specified in 
high rei applications such as telecoms. 

When Tjmax and Ta are known, their difference Ll.Tj 
indicates the permissible junction temeperature rise 
for a given device. For a given power dissipation Pd, 
the thermal design must ensure that the product Pd 
x Rth(j-a) is lower than Ll. Tj ; where RthO·a) is the ther­
mal resistance of the device from the junction to the 
ambient at temperature Ta. This takes into consider­
ation the many elements connected to the heat 
source and includes the leadframe, moulding com­
pound, substrate and heatsink, if used. 

SOLUTION 

From fig. 13, the value for Rth(j.a) is 125°C/W for a 
copper frame package. Comparing figs. 5 and 6, a 
value of about 240°C/W can be assumed for Alloy 
42 packages. The allowed rise in junction tempera­
ture is : Ll. Tjmax = 130 - 70 = 60°C 

Maximum dissipation is given by Ll. Tjmax/RthO-a). 

Therefore: 

60/125 = 0.48W for Copper frame 

60/240 = 0.25 for Alloy 42 frame 

13/14 

1255 



APPLICATION NOTE 

EXAMPLE 2 : Junction temperature for an S020 
packaged device soldered on FR4, under the fol­
lowing conditions: 

• Ambient temperature T a = 70°C 

• Dissipated Power Pd = 0.6W 

EXAMPLE 3 : To determine the size of an inte­
grated heatsink for a medium power application 
using a PLCC (33 + 11) under the following con­
ditions: 

Ambient temperature Ta = 50°C 

Max. Junction Temperature Tjmax = 150°C 

• Dissipated Power Pd = 2.2W 

EXAMPLE 4 : Given the application described in 
example 3 determine the maximum pulse width 
for a single 4W pulse superimposed on a con­
tinuous 1.5W dissipation 

EXAMPLE 5 : In a medium power application 
using an SO (12 + 4 + 4) calculate the average 
junction temperature and the peak te!"peratur~ 
for repeated pulses under the followmg condI­
tions : 

• Ambient temperature Ta = 70°C 

• On board heatsink area A = 9 sq.cm. 

Pulse length = 100ms 

• Pulse height = 5W 

• Duty cycle = 20% 
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SOLUTION 

A total trace-area of 200k sq.mils is assumed,this 
then gives, from fig. 14 : 

• Thermal Resistance Rth(j.a) = 90°C/W 

II Tj = Pd x Rth(j.a) 

• t,Tj=0.6x90=54°C 

• Junction Temperature Tj = 54 + 70 = 124°C 

SOLUTION 

By calculation the application needs an Rth(j-a) of : 
(150 - 50)/2.2 = 45.5°C/W 

From figure 32 the on board heatspreader can thus 
be defined as needing an area of about 2 sq.cm. 

SOLUTION 

The continuous steady state junction temperature 
at 1.5W dissipation is : 

Tjss = (1.5 x 45.5) + 50 = 11B.25°C 

The single pulse is allowed to cause a maximum in­
crease of (150 - 11B.25°C) = 31. 75°C. 

The related transient thermal resistance is (31.75/4) 
= 7.9°C/W 

From figure 33, the corresponding pulse width can 
pe interpreted as being in the order of 200ms. 

SOLUTION 

From figure 31, the thermal resistance is found to 
be 49°C/W. Thus the average junction temperature 
can be calculated: 

Tjavg = (5 x 49 x 0.2) + 70 = 119°C 

From figure 36, the peak thermal resistance is given 
as around 15°C/W. The peak temperature can thus 
be calculated as : 

T p = (5 x 15) + 70 = 145 



INTRODUCTION 
This Application Note provides a complete thermal 
characterization of the Multiwatt ® package (multi­
lead double TO-220 - fig. 1). 

Characterization is performed according with recom­
andations included in the G32-86 SEMI guideline, by 
means of a dedicated test pattern. It refers to : 
1. Junction to case thermal resistance Rth(j.c) 

2. Junction to ambient thermal resistance Rth(j.a) 

3. Junction to ambient thermal impedance for sin­
gle pulses and repated pulses, with different 
pulse width and duty cycle; 

4. Thermal resistance in DC and pulsed conditions, 
with a typical external heat sink. 

Most of the experimental work is related to the ther­
mal impedance, as required by the increasing use 
of switching techniques. 

Figure 1 : Multiwatt Assembly. 

EXPERIMENTAL CONDITIONS 
The thermal evaluation was performed by means of 
the test pattern P432, which is a 20K mils2 die with 
a dissipating element formed by two transistors 
working in parallel and one sensing diode. In order 
to characterize the worst case of a high power den­
sity IC, the total size of the element is 2K mils2 with 
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a power capability of 20W. Measurement method is 
described in Appendix A. 

Samples with the indicated characteristics were pre­
pared: 

Package Multiwatt 15 leads 

Frame Material Copper 

Slug Thickness 1.5mm 

Slug Thermal Conductivity 3.9W/cmoC 

Die Attach Soft (PbSn) 

Measurement of junction to case thermal resistance 
Rth(j.c) is performed by holding the package against 
a water cooled heat sink, according with fig. 2. A 
thermocouple placed in contact with the slug 
measures the reference temperature of the case. 

For junction to ambientthermal resistance Rth(j.a) the 
samples are suspended horizontally in a one cubic 
foot box, to prevent drafts. 

Both DC and pulsed conditions are used; in the sec­
ond case the contribution of package thermal capa­
citance is effective and transient thermal 
resistances much lower than the steady stata 
Rth(j.a) can be found, according to pulse length and 
duty cycle. 

The effect of the external heat sink is quantified, 
using as test vehicle the commercially available heat 
sink THM7023 especially developed by Thermalloy 
for the Multiwatt package, whose thermal resistance 
in still air is about g"CIW. 

The measurement circuit shown in fig. A3 was used 
for all the thermal evaluations. 

JUNCTION TO CASE THERMAL RESIS· 
TANCE 
The dependance of Rth(j-c) on the dissipated power 
is reported in fig. 3. 

It is well known that the main contribution to Rth(j-c) 

of power packages in given by the silicon die. 
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Figure 2 : Measurement of Rth U-c). 
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Figure 3 : Rth U-c) of Multiwatt Package vs. Power 
Level. 
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FOR DEVICES OTHER THAN THE TEST PAT­
TERN P432 THE CALIBRATION CURVE OF 
FIG. 4 IS NEEDED. 

It shows the relationship between RthU-c) and the 
dissipating area existing on the silicon die (power 
diodes, power transistors, high current resistors), for 
different die sizes. 

218 
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Figure 4 : RthU-c) Thermal Resistance vs. Die Size 
and on Die dissipating Area. 
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JUNCTION TO AMBIENT THERMAL 
RESISTANCE 

In medium power applications (1.5-2W), the Multi­
watt package can be used without external heat 
sink, thanks to the significant size (about 3.5cm2) of 
its integrated thermal mass_ 

Its RthU-a) has two contributions: the RthU-c), mainly 
due to the silicon die (as shown in fig. 4) and the 
thermal resistanc~ of the copper slug Rth slug. 

Figure 5 : RthU-a) of Multiwatt Package vs. dissipa-
ted Power. 
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Fig. 5 gives the relationship between Rth(j.a) and the 
power dissipation level for the P432 test pattern is 
still air, on PC board and on a commercial heat sink. 

IN ORDER TO HAVE AN ACCURATE VALUE FOR 
OTHER DEVICES, WITH DIFFERENT DIE SIZE 
AND DISSIPATING AREA, VALUES OF FIG. 5 
SHOULD BE CORRECTED THROUGH THE CALI­
BRATION CURVE OF FIG. 4 CORRECTION 
TERM IS ALWAYS IN THE RANGE OF 0-2"C/W; 
THEREFORE, IT AFFECTS THE Rth(j.a) OF NO 
MORE THAN 5% IN STILL AIR OR WITH THE 
PACKAGE MOUNTED ON PC BOARD. 

TRANSIENT THERMAL RESISTANCE IN 
PULSED CONDITION (without external 
heat sink) 

The effect of single pulses of different length and 
height for the Multiwatt package without any external 
heat sink is shown in fig. 6. 

This behaviour is discussed in Appendix B. Due to 
a significant thermal capacitance (C = 2JI"C) and 
correspondingly long risetime (1: = 80s), single pul­
ses up to 30W can be delivered to the Multiwatt 
package for 1 s with acceptable junction tempera­
ture increase. 

IN ORDER TO HAVE ACCURATE Rth (to FOR 
OTHER DEVICES, WITH DIFFERENT DIE SIZE 
AND DISSIPATING AREA, VALUES OF FIG. 7 
MUST BE CORRECTED AS DESCRIBED IN 
EXAMPLE 2 OF THE LAST SECTION. 

Figure 6 : Transient Thermal Resistance for 
Single Pulse. 

APPLICATION NOTE 

Repetition of pulses with defined Pd, period and duty 
cycle DC (ratio betwen pulse length and signal peri­
od), gives rise to oscillations in junction temperature 
as described in Appendix B. 

The transient thermal resistance corresponding to 
the upper limit of the curve of fig. B4 (peak transient 
thermal resistance) is reported in fig. 7 and depends 
on pulse length and duty cycle. It can be noticed that 
DC becomes less effective for longer pulses. 

TRANSIENT THERMAL RESISTANCE IN 
PULSED CONDITION (with external heat 
sink) 

Characterization has been repeated with acommer­
cial heat sink (Thermalloy THM7023) in order to 
have an example of the effect of an external ther­
mal mass on the impedance of the thermal module. 

Relationship between transient Rth and pulse length 
is reported in fig. 8. 

The effect of the increased thermal capacitance is 
evident in fig. 9, where thermal data of fig. 6 and 8 
are compared: it can be noticed that the curves are 
definitely different for pulses longer than 1 s, corres­
ponding about to the rise time of the slug. The ef­
fect of the thermal mass is to keep low the heating 
rate of the silicon die thus allowing a better power 
management of long power pulses. This conclusion 
has general validity and can be applied to other heat 
sinks than the one considered in this note. 

Figure 7 : Peak Transient Rth vs. Pulse width and 
Duty Cycle. 
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Figure 8 : Transient Rth for single pulses, with 
Heatsink. 
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APPENDIX A 
The thermal resistance evaluation is performed with 
the especially designed test chip P432 which has 
two bipolar power transistor and one sensing diode 
(fig. A1). The active area is about 2000 mils2 on a 
35000mils2 chip. Its lay-out was optimized in order 
to have a uniform temperature area, once the two 
transistor are powered; the sensing diode is placed 
at the center of this area. 

Figure A1 : Test Pattern P432 Lay-out. 
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Figure 9 : Comparison of Transient Rth for single 
pulses, with and without Heat Sink. 
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The relationship between the forward voltage VI of 
the diode at the constant current of 100rtA and the 
temperature is shown in fig. A2. The curve calibrates 
the junction temperature through the voltage drop 
of the diode. 

The measurement circuit is shown in fig. A3. A stor­
age oscilloscope or a fast digital voltmeter can be 
used for recording the VI value. 



Figure A2 : Calibration Curse (sensing diode). 
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Figure A3 : Measurement Circuits. 

APPENDIX B - THERMAL MANAGEMENT 
IN PULSED CONDITION 

THERMAL RESISTANCE AND CAPACITANCE 

The electrical equivalent of heat dissipation, for a 
thermal module formed by the active device with its 
package and the external heat sink is shown in fig. 
81. 

To each cell of the thermal chain are associated a 
value of thermal resistance Rth ("C/W) and a value 
of thermal capacitance Cth (J/'C). The former in­
forms about temperature increase due to the ele­
ment represented by the cell; as, in the example 
under consideration, heat transfer is mainly based 
on conduction for the silicon, the copper integrated 
heat sink and to metallic body of the external heat 
sink Rth can be calculated from the relationship: 

y 
Rth= KxS 

APPLICATION NOTE 

where K is the thermal conductivity of the material, 
the length of the conductive path and S its section. 

Thermal capacitance Cth is the capability of heat ac­
cumulation; it depends on the specific heat of the 
material and on the volume effectively interested by 
heat exchange (this means that the parts which are 
not heated during heat dissipation DO NOT contrib­
ute to thermal capacitance). Thermal capacitance is 
given by: 

Cth = d x Ct x V 

where d is the density of the material, Ct its specific 
heat and V the volume interested to heat accumu­
lation. 

The last element of the network, assumed as pure­
ly resistive, is due to convection and radiation from 
the external heat sink towards the ambient. 
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Figure 81 : Electrical Equivalent of Multiwatt Package Mounted on the External Heatsink. 
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Each cell has its own risetime '"C , given by the pro­
duct of the thermal resistance and capacitance: 

'"C = Rth x Cth 

The value of the time constant determines whether 
a cell approaches equilibrium rapidly of slowly: if 
Rth or Clh increases, equilibrium is reached at a 
slower rate. The following relationship is valid for 
each cell: 

I'lT = Rlh x Pd [1 - e·t/r 1 (1) 

Typical values of Rth, Cth and '"C for Multiwatt appli­
cation are shown in fig. 81. 

When power is switched on, temperature increase 
is ruled by subsequent charging of thermal capacit­
ances while the value reached in the steady state 
depends on thermal resistances only. Qualitative 
behaviour of the network of fig. 81 is shown in 
fig. 82. 
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SINGLE POWER PULSE 

When the pulse length has an assigned value, ef­
fective Ti can be significantly lower than the steady 
state Tj (fig. B3.). 

Figure 83 : Effect of a Single Power Pulse. 

S-9781. 

For any pulse length to, a transient thermal resis­
tance Rth (10) is defined, from the ratio between the 
junction temperature at the end of the pulse and the 
dissipated power. Obviously, for shorted pulses, Rth 
(to) is lower and a higher power can be dissipated, 
without exceeding the maximum junction tempera­
ture Tj-max allowed to the IC from reliability conside­
rations. Fig. 7 and 9 of this Application Note give 
experimental values of Rth (10) for the two cases of 
the Multiwatt package without and with external heat 
sink. 

REPEATED PULSES 

When pulses of the same height Pd are repeated 
with a defined duty cycle DC and pulse length is 
short in comparison with the total risetime of the sys­
tem (many tens of seconds) the train of pulses is 
seen by the system as a continuous source, at a 
mean power level of 

Pdavg = Pd X DC 

The average temperature increase is : 
~Tavg = Rth x Pdavg = Rth X Pd X DC 

On the other hand, the silicon die (1: s = 1- 3ms) is 
able to follow frequencies of some KHz and junction 
temperature oscillates about the average as quali­
tatively shown in fig. B4. 

The thermal resistance corresponding to the peak 
of the oscillation at equilibrium (peak thermal resis-

APPLICATION NOTE 

tance Rth peak) is now given by fig. 5, and can be ob­
tained if pulse length and duty cycle are known ; 
Pdmax is derived from the same figure. 

Figure 84 : Junction Temperature increase for 
repeated Pulses. 

Tamb 

APPLICATION EXAMPLES 

EXAMPLE 1 - MAXIMUM Pd FOR SINGLE 
PULSE OF ASSIGNED LENGTH 

PROBLEM : define the maximum Pd for a single 
pulse with a length of 20ms in the case of Multiwatt 
package used without heat sink. Ambient tempera­
ture is 50'C ; maximum temperature is 130'C. Die 
size is 20K mils2, with dissipating area of 2K mils2 
(as in P432 test pattern). 

SOLUTION : allowed temperature increase ~ T is 
80'C. Having a RthO-a) of 39'C/W, Multiwatt package 
can dissipate about 2W in steady state. From fig. 7 
the transient thermal resistance corresponding to 
one single pulse of 20ms is Rth (20ms)P432 = 
2.2'C/W. A peak of 8012.2 = 36.3W can be applied 
to the ci rcuit. 

EXAMPLE 2 - CORRECTION FOR DIE SIZE 
AND DISSIPATING AREA 

PROBLEM : correct the results obtained in 
example 1, for assigned die size and dissipating 
area. Practical case : IC having a die size of 35K 
mils2 with a dissipating area of 20k mils2. 

SOLUTION : from fig. 5, thermal resistances of 
P432 and of the IC under consideration are Rth P432 
= 2.3'C/W and Rth(j-C)IC = 1.2'C/W. 
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As the length of the pulse is 10-15 times longer than 
the rise time of the silicon, the die (first cell offig. B1) 
can be assumed to have reached its equilibrium 
condition. 

Rth (20ms) found in previous example has to be cor­
rected in order to take into account the new value of 
Rthu·c) : 

Rth (20ms)lc = Rth (20ms)P432 . 

- Rth(j-c)P432 + Rth(j.c)IC = 
= 2.2 - 2.3 + 1.2'C/W = 1.1'C/W 

A single pulse of 80/1.1 = 72W can be delivered to 
such device. 

When the pulse has the same order of silicon rise 
time "t P432 is about 1 ms) another type of correc­
tion is needed. In first approximation, 't increase with 
dissipating area with the relationship: 

tiC = V20KIC/2Kp432 x ,P432 '" 3.1 ms 

Expansion of the exponential term of relationship (1) 
limited to the first term term, is : 

Rth IC (to) = Rth P432 (to) /3.1 

for to = 1 ms : 
Rth IC (1 ms) = 1.05/3.1'C/W = 0.34'C/W 

A single pulse of 80/0.34 = 235W can be delivered 
to such device. 

EXAMPLE 3 - Rth WITH REPEATED PULSES 

PROBLEM: find the peak power which can be dissi­
pated by Multiwatt package without heatsink, when 
power is continuously switched on 10ms and 
switched off 90ms. Ambient temperature is 50'C, 
maximum temperature is allowed to be 125·C. 

SOLUTION: a maximum t.T = 75'C has to be con­
sidered. Fig. 5 indicated that for a pulse width of 1 Oms 
and a duty cycle of 0.1, Rth peak is 6TCIW. Maximum 
Pd is 75/6.7 = 11.2W, with an average temperature 
increase t.Tpeak of 39 x 0.1 x 11.2 = 43'C. 
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APPLICATION NOTE 

THERMAL CHARACTERISTICS OF THE 
PENTAWATT-HEPTAWATT PACKAGES 

INTRODUCTION 
This Application Note is aimed to give a complete 
thermal characterization of the Heptawatt and Pen­
tawatt package (fig. 1, 2). 

Characterization is performed according with rec­
omendations included in the G32-86 SEMI guideline, 
by means of a dedicated test pattern. It refers to : 
1. Junction to case thermal resistance Rth(j-c) 

2. Junction to ambient thermal resistance Rth(j-a) 

3. Junction to ambient thermal impedance for 
single pulses and repeated pulses, with different 
pulse width and duty cycle; 

4. thermal resistance in DC and pulsed conditions, 
with a typical external heat sink. 

Most of the experimental work is related to the ther­
mal impedance, as required by the increasing use 
of switching techniques. 

Figure 1 : Pentawatt. 

Figure 2 : Heptawatt. 

AN258/0189 

By R. TIZIANI 

EXPERIMENTAL CONDITIONS 

The thermal evaluation was performed by means of 
the test pattern 'P432, which is a 15k mils2 die with 
a dissipating element formed by two transistors 
working in parallel and one sensing diode. In order 
to characterize the worst case of a high power den­
sity IC, the total size of the element is 2k mils2 with 
a power capability of 20W. Measurement method 
is described in Appendix A. 

Samples with the indicated characteristics were pre­
pared: 

Package Pentawatt - Heptawatt 

Frame Material Copper 

Slug Thickness 1.25mm Typ. 

Slug Thermal Conductivity 3.9W/cmoC 

Die Attach Soft (PbSn) 

Measurement of junction to case thermal resistance 
RthU-c) is performed by holding the package against 
a water cooled heat sink, according with fig. 3. A 
thermocouple placed in contact with the slug 
measures the reference temperature of the case. 

For junction to ambient thermal resistance Rthu-a) the 
samples are suspended horizontally in a one cubic 
foot box, to prevent drafts. 

Both DC and pulsed conditions are used; in the sec­
ond case the contribution of package thermal capa­
citance is effective and transient thermal 
resistances much lower than the steady state 
Rthu-a) can be found, according with pulse length and 
duty cycle. 

The effect of the external heat sink is quantified, 
using as test vehicle the commercially available heat 
sink THM7023 (Thermalloy) whose thermal resis­
tance in still air is about g'C/W. 

The measurement circuit shown in fig. A3 was used 
for all of the thermal evaluations. 

JUNCTION TO CASE THERMAL RESIS­
TANCE 

The dependance of RthU-C) on the dissipated power 
is reported in fig. 4. The absolute value and the be­
haviour with the dissipated power are the same for 
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both packages as the slug thickness and the die -
attach are equal. 

Figure 3 : Measurement of Rth U-c)-
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Figure 4 : Rth U-c) of Pentawatt and Heptawatt 
Package vs. Power Level. 
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It is well known that the main contribution to RthU-c) 
of power packages is given by the silicon die. 

FOR OTHER DEVICES THAN THE TEST PAT­
TERN P432 THE CALIBRATION CURVE OF FIG. 
51S NEEDED. 

2/8 

1266 

It shows the relationship between RthU-c) and the 
dissipating area existing on the silicon die (power 
diodes, power transistors, high current resistors), for 
different die sizes. 

Figure 5 : Rth U-c) Thermal Resistance vs. Die 
Size and on Die dissipating Area. 
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JUNCTION TO AMBIENT THERMAL 
RESISTANCE 

In medium power application (1W), the Pentawatt 
and Heptawatt packages can be used without ex­
ternal heat sink thanks to the significant size (about 
1.5cm2) of its integrated thermal mass. 

An effective cost solution for higher power applica­
tion (1.5-2.0W) is using a copper area heat sink. 

An board with the external leads bent down as 
shown in fig_ 7. 

Fig. 6 gives the relationship between RthU-a) and the 
power dissipation level for the P432 test pattern in 
still air, on PC board, on integrated heat sink on 
board and on a commercial heat sink. 

IN ORDERTO HAVE AN ACCURATE VALUE FOR 
OTHER DEVICES, WITH DIFFERENT DIE SIZE 
AND DISSIPATING AREA, VALUES OF FIG. 6 
SHOULD BE CORRECTED THROUGH THE CALI­
BRATION CURVE OF FIG. 5 CORRECTION 
TERM IS ALWAYS IN THE RANGE OF 0-2'C/W ; 
THEREFORE, IT AFFECTS THE RthU-a) OF NO 
MORE THAN 5% IN STILL AIR OR WITH THE 
PACKAGE MOUNTED IN PC BOARD. 



Figure 6: Rth O-a) vs. dissipated Power 
(heptawatt). 
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APPLICATION NOTE 

Figure 7: Pentawatt Soldered on Copper Heatsink on P.C Board. 

TRANSIENT THERMAL RESISTANCE IN 
PULSED CONDITION (without external 
heat sink) 

The effect of single pulses of different length and 
height without any external heat sink is shown in 
fig. 8. 

PC BOARD 

This behaviour is discussed in Appendix B. Due to 
a significant thermal capacitance (C = 1 JtC) and a 
correspondingly long risetime ('t = 80s), single pul­
ses up to 20W can be delivered for 1 s with accept­
able junction temperature increase. 
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Figure 8 : Transient Thermal Resistance for 
Single Pulses (heptawatt). 
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IN ORDER TO HAVE ACCURATE Rth(to) FOR 
OTHER DEVICES, WITH DIFFERENT DIE SIZE 
AND DISSIPATING AREA, VALUES OF FIG. 7 
MUST BE CORRECTED AS DESCRIBED IN 
EXAMPLE 2 OF THE LAST SECTION. 

Repetition of pulses with defined Pd, period and 
duty cycle DC (ratio between pulse length and sig­
nal period), gives rise to oscillations in junction tem­
perature as described in Appendix B. 

The transient thermal resistance corresponding to 
the upper limit of the curve of fig. B4 (peak transient 
thermal resistance) is reported in fig. 9 and depends 

Figure A1 : Test Pattern P432 Lay-out. 
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on pulse length and duty cycle. It can be noticed that 
DC becomes less effective for longer ~ulses. 

Figure 9 : Peak Transient Rth vs Pulse width and 
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APPENDIX A 

The thermal resistance evaluation is performed with 
the especially designed test chip P432 which has 
two bipolar power transistor and one sending diode 
(fig. A 1). The active area is about 2000 mils2 on a 
15000 mils2 chip. Its lay-out was optimized in order 
to have a uniform temperature area, once the two 
transistor are powered; the sensing diode is placed 
at the center of this area. 



The relationship between the forward voltage Vj of 
the diode at a constant current of 100ilA and the 
temperature is shown in fig. A2. The curve calibrates 
the junction temperature through the voltage drop 
of the diode. 

The measurement circuit is shown in fig. A3. A stor­
age oscilloscope or a fast digital voltmeter can be 
used for recording the Vj value. 

Figure A3 : Measurement Circuit. 
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APPENDIX B - THERMAL MANAGEMENT 
IN PULSED CONDITION 

THERMAL RESISTANCE AND CAPACITANCE 

The electrical equivalent of heat dissipation, for a 
thermal module formed by the active device with its 
package and the external heat sink is shown in fig. 
B1. 

To each cell of the thermal chain are associated a 
value of thermal resistance Rth (C/W) and a value 
of thermal capacitance Cth (JrC). The former in-

APPLICATION NOTE 

Figure A2 : Calibration Curve (sensing diode). 
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forms about temperature increase due to the ele­
ment represented by the cell ; as, in the example 
under consideration, heat transfer is mainly based 
on conduction for the silicon, the copper integrated 
heat sink and to metallic body of the external heat 
sink Rth can be calculated from the relationship: 

1 
Rth= -­

KxS 

Where K is the thermal conductivity of the material, 
1 the length of the conductive path and S its section. 
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Figure 81 : Electrical Equivalent of Pentawatt and Heptawatt Package mounted on the External Heatsink. 
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Thermal capacitance Cth is the capability of heat ac­
cumulation; it depends on the specific heat of the 
material and on the volume effectively interested by 
heat exchange (this means that the parts which are 
not heated during heat dissipation DO NOT contrib­
ute to thermal capacitance). Thermal capacitance is 
given by: 

Cth = d x Ct x V 

where d is the density of the material, Ct its specific 
heat and V the volume interested to heat accumu­
lation. 

The last element of the network, assumed as pure­
ly resistive, is due to convection and radiation from 
the external heat sink towards the ambient. 

Each cell has its own risetime 1:, given by the pro­
duct of thermal resistance and capacitance: 

1: = Rth )( Cth 
The value of the time constant determines whether 
a cell approaches equilibrium rapidly or slowly: if Rth 
or Cth increases, equilibrium is reached at a slower 
rate. The following relationship is valid for each cell : 

tlT = Rth x Pd x [1 - e-II1:] (1) 

Typical values of Rth, Cth and 1: for Heptawatt and 
Pentawatt application are shown in fig. B1. 
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When power is switched on, temperature in­
crease is ruled by subsequent charging of ther~ 
mal capacitance while the value reached in the 
steady state depends on thermal resistance 
only. Qualitative beahaviour of the network of fig. 
B1 is shown in fig. B2. 

Figure 82 : Qualittative Tj increase (network of 
fig. B1) for repeated power pulse 
(heptawatt). 
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SINGLE POWER PULSE 

When the pulse length has an assigned value, ef­
fective Tj can be significantly lowerthan steady state 
Tj (fig. B3.). 

Figure 83 : Effect of a Single Power Pulse. 

5-9194 

For any pulse length to, a transient thermal resis­
tance Rth (to) is defined, from the ratio between the 
junction temperature at the end of the pulse and the 
dissipated power. Obviously, for shorter pulses, Rth 
(to) is lower and a higher power can be dissipated, 
without exceeding the maximum junction tempera­
ture Tj max allowed to the IC from reliability consider­
ations. Fig. 7 and 9 of this Application Note give 
experimental values of Rth (to) for the two cases of 
the Heptawatt package without and with external 
heat sink. 

REPEATED PULSES 

When pulses of the same height Pd are repeated 
with a defined duty cycle DC and pulse length is 
short in comparison with the total risetime of the sys­
tem (many tens of seconds) the train of pulses is 
seen by the system as a continuous source, at a 
mean power level of 

Pdavg = Pd x DC , 

The average temperature increase is : 
L'>Tavg = Rth x Pdavg = Rth x Pd x DC 

On the other hand, the silicon die (1: Sl = 1 + 2ms) 
is able to follow frequencies of some kHz and junc­
tion temperature oscillates about the average, as 
qualitatively shown in fig. B4. 

The thermal resistance corresponding to the peak 
of the oscillation at equilibrium (peak thermal resis­
tance Rth peak) is now given by fig. 5, and can be ob-

APPLICATION NOTE 

tained if pulse length and duty cycle are known ; 
Pdmax is derived from the same figure. 

Figure 84 : Junction Temperature increase for 
operated Pulses. 

APPLICATION EXAMPLES 

EXAMPLE 1 - MAXIMUM Pd FOR SINGLE 
PULSE OF ASSIGNED LENGTH 

PROBLEM : define the maximum Pd for a single 
pulse with a length of 20ms in the case of Heptawatt 
package used without heat sink. Ambient tempera­
ture is 50"C ; maximum temperature is 130"C. Die 
size is 15k mils2, with dissipating area of 2k mils2 
(as in P432 test pattern). 

SOLUTION: allowed temperature increase L'>T is 
80°C. Having a RthU·a) of 60"C/W, Heptawatt pack­
age can dissipate about 1.3W in steady state From 
fig. 8 the transient thermal resistance correspond­
ing to one single pulse of 20ms in Rth (20ms)P432 = 
2.2"C/W. A peak of 80/2.2 = 36.3W can be applied 
to the circuit. 

EXAMPLE 2 - CORRECTION FOR DIE SIZE 
AND DISSIPATING AREA 

PROBLEM: correct the results obtained in example 
1 , for assigned die size and dissipating area. 

Pratical case: IC having a die size of 15k mils2 with 
a dissipating area of 10k mils2. 

SOLUTION: from fig. 5, thermal resistance of P432 
and of the IC under consideration are Rth P432 = 
2.3°C/W and RthU-c)IC = 1's"C/W. 

As the length of the pulse is 10-15 times longer than 
the risetime of the silicon, the die (first cell of fig. B1) 
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can be assumed to have reached its equilibrium 
condition. 

Rth (20ms) found in previous example hasto be cor­
rected in order to take into account the new value of 
RthO'C)' 

Rth (20ms)lc = Rth (20ms)P432-
- RthO·c)P432 + RthO'c)IC = 

= 2.2 - 2.3 + 1SC/W = 1.4 °C/W 

A single pulse of 80/1.4 '" 57W can be delivered to 
such a device. 

EXAMPLE 3 - CORRECTION FOR SINGLE 
PULSES OF 1-3ms 

PROBLEM: Correct the results of example 2, for 
pulse length of 1 ms. 

SOLUTION: when the pulse has the same order of 
magnitude of silicon rise time (T P432 is about 1 ms) 
another type of correction is needed. In first approxi­
mation it is considered that remains constant when 
the dissipating area gets higher and the Rth for the 
silicon die decreases as the reciprocal of the dissi­
pating area. From relationship (1) : 
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~ T = Rth (1 mS)P432 x 2K!1 OK x Pd x [1- e-tlT] for to = 
1ms: . 

RthlC (1 ms) = 1.05/0SC/W '" 0.21°C/W 

A single pulse of 8010.21 '" 380W can be delivered 
to such a device. 

EXAMPLE 4 - Rth REPEATED PULSES 

PROBLEM: find the peak power which can be dissi­
pated by Heptawatt package without heatsink, when 
power is continuously switched on 10ms and 
switched off 90ms. Ambient temperature is 50°C. 
maximum temperature is allowed to be 125°C. 

SOLUTION: a maximum ~T = 75°C has to be con­
sidered. Fig. 9 indicated that for a pulse width of 
10ms and a duty cycle of 0.1, Rthpeak is 8SCIW. 
Maximum Pd is 75/8.5 = 8.8W, with an average tem­
perature increase ~Tpeak of 60 x 0.1 x 8.8 '" 68°C. 

REFERENCES 
"Improved thermal evaluation, by means of a simple 
integrated structure" T. Hopkins, C. Cognetti, R. Ti­
ziani - SEMI THERM (USA, 1986). 
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RESISTANCE TO SOLDERING HEAT 
AND THERMAL CHARACTERISTICS OF PLASTIC SMDs 

INTRODUCTION 

Surface Mount Technology (SMT) has introduced a 
number of new technical problems, which have de­
layed the conversion from insertion assembly. 

This is not strange: what readily available source of 
expertise existed a few years ago? 

Plastic SO packages were introduced in Europe in 
the early '7Os and widely used in hybrids, but hybrid 
assembly has little relationship with the placement, 
soldering, handling tools now considered for SM 
PCB production. Was it surprising that even the 
semiconductor suppliers with sound experience in 
SO production could not give all of the answers 
needed by the PCB manufacturer? 

Japanese experience in SMT based consumer pro­
ducts is impressive : 87% of components used for 
cameras are in SM versions. However, the degree 
of complexity and performance of consumer pro­
ducts are somewhat different from the industrial, 
automotive and telecoms applications the Western 
world is interested in. On the other hand, in 1985 the 
percentage of SMDs (active and passive) used in 
industrial systems produced in Japan was 16.6% in 
telephones, 5.5% in automotive applications, 5.1% 
in cable communication, 0.7% in minicomputers1 ; 
that is, a level similar to US and European produc­
tion, presumably with a similar level of expertise. 

In the past few years confidence in SMT has in­
creased. More experience exists, which is the result 
of an expensive learning phase covered by both 
SMD manufacturers and users. 

The reliability of plastic SMDs has an important 
place in this work. It needs a new approach in com­
parison with equivalent insertion devices, due to the 
completely different use. 

In 14 years of production, no distinction was made 
in the authors' company between SO and DIP, from 
the point of view of reliability. They had the same re­
liability targets and similar evaluation methodology; 
the former was often hot plate soldered on leaded 
ceramics for more convenient handling but no dif­
ference in long-term reliability existed. 

With SMT, this is inadequate. Negative effects due 
to the various assembly processes, and to some 
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thermo mechanical influence of the board, can limit 
the device life. 

The present work is focused on SMDs soldered onto 
a plastic substrate, by means of the most common 
industrial processes, and takes into account two as­
pects of reliability: 

1. Resistance to soldering heat, i.e., the suitability 
to withstand the thermal shock associated with 
the soldering cycle, without reducing reliability. 
This information is obtained by performing mois­
ture resistance tests. Data about SO packages 
will be presented. For PLCCs, evaluation is in 
progress and will be concluded in the first half of 
1988. 

2. Heat dissipation, which influences the failure rate. 
This information is obtained with test patterns 
and test boards designed by SGS-THOMSON 
Microelectronics and includes thermal imped­
ance in pulsed conditions. A few case studies will 
be included in this paper but comglete characteri­
sations are available elsewhere.2 

RESISTANCE TO SOLDERING HEAT 

In through-hole technology, devices are inserted 
from the upper side of the board and wave soldered 
from its lower side. 

Only the lead extremities reach the temperature 
(250-260°C) of the molten solder; the maximum 
specified soldering time of 10s is short enough to 
avoid over-heating of the package body, which 
generally does not exceed 120-130°C during the 
whole process. 

This temperature is lower than the moulding com­
pound glass transition temperature (160-170°C) 
and the risk of permanent damage to the package 
structure or to the silicon die is excluded. 

Device reliability is defined almost independently of 
the soldering time and temperature; devices under 
reliability test are mounted on sockets, thus neglect­
ing the effect of the assembly process. 

On the contrary, in all industrial SMT processes, de­
vices are soldered in a high temperature ambient 
(215-260"C), with high heating rate, and the plastic 
package is kept in glass transition conditions 
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(figure 1) for a relatively long time (up to 60s). This 
situation was never encountered before. 

Concern over reduced reliability is justified and ex­
plains the trend towards defining SMD reliability 
after the soldering cycle, in order to include the ef­
fects summarised in table 1. 

Figure 1 : Thermal Expansion of Moulding Com­
pounds, Compared with the Tempera­
ture of Different Soldering Techniques. 

Table 1 : Factors Affecting SMD Reliability on 
Printed Board. 

SMD Package 

Design and Structure Volume and Thermal Inertia 
Internal Contamination Water Content 
Thermomechanical Properties Lead Solderability 

Assembly Process 

Soldering Method Contamination Level (flux) 
Soldering Time/temperature Rinsing 

Substrate 

Thermomechanical Properties Thermal Dissipation 

EXPERIMENTAL 

Reliability tests are performed on parts soldered 
onto test boards (4.5 in. x 6.5 in. FR-4 substrates). 

SM PCB1 test board can accept SO-8, 14, 16. It is 
pre-grooved, in order to be cut in 35 positions, hav­
ing the lay-out shown in figure 2 ; the SMD footprints 
are electrically connected to through-holes, with a 
pitch of 100 mils and placed in two parallel rows, 600 
mils apart. Commercial pins inserted in the through­
holes give the possibility of using the same equip­
ment needed by DIPs. 

The soldering processes from table 2 were used for 
SO packaged bipolar Operational Amplifiers and C­
Mos Standard Logic. In order to simulate a rework, 
the soldering cycle was repeated on a number of 
devices. Soldering is followed by the usual rinsing 
in water or Freon, with or without ultrasonics. 
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Figure 2 : SM PCB1 Test Board. 
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Table 2 : Soldering Processes Evaluated with 
SO Packaged Devices. 

Pre-heating Soldering 
Number of 

Cycles 

Double Wave 120'C/30s 225'C/4s 1 

Double Wave 120'C/30s 250'C/4s 1 

Double Wave 110'C/30s 250'C/3.4s 1,2,3,4 

Triple Wave 110'C/30s 260'C/3s 1.2.3 

Vapour Phase 215'C/20s 1,2 

Infra-red 160'C/30s > 210'C/60s 1 

The reliability evaluation was performed by means 
of the following tests: 

Operating Life 
Pressure Pot 
THB 

HAST 

Thermal Cycles 

Thermal Shocks 

150"C 
121 "C/2atm 
85"C/85% RH 
15V (bips) 
6V (CMos) 
130"C/85% RH 
15V (bips) 
6V (CMos) 
- 55/+ 150"C 
(30/5/30 min) 
- 55/+ 150"C 
(5/1/5 min liquid) 

130"C/85%RH Highly Accelerated Steam Test 
(HAST) has an acceleration factor of about 18-20 
(ref. 3) in comparison with 85C/85%RH, and the 
concrete possibility of reaching wear-out exists with 
this test, after an acceptable time. 

For PLCC packages a similar methodology is fol­
lowed. At the time of writing, only partial data are 
available, which will not be included here. 



EXPERIMENTAL RESULTS 

Experimental results are summarised in tables 3-6. 

Table 3 : Cumulative Reliability Data after 
Multiple Wave Soldering. 

Test Vehicles: LM2904 (SO·8), LM2901 (SO·14) and 
M74HC74 (SO-14) 

Double Wave 22S'CI4s 2S0'CI4s 

Triple Wave 260'CI3s 

Operating Life 1000h 0/lS4 0132 

Pressure Pot 96h 0/104 0162 

THB 8S'CI8S%RH 1000h 1/10S' 0/32 
2000h 0132 

HAST 130'C/85%RH 100h 0/64 
200h 0/64 

Thermal Shocks SOO 01231 0/77 

, Parametric Failure 

Table 4 : Reliability Data after Vapour Phase 
Reflow. 

Test Vehicle: LM2901 (SO·14) 

215'C/20s 21S'CI40s 

Operating Life 1000h 

Pressure Pot 96h 

THB 8S'CI85%RH 
1000h 
2000h 

HAST 130'C/85%RH V ~ lSV 
100h 0/S6 
200h 0lS6 
372h 0/24 
4S8h 2124 
63Sh SI22 

Thermal Cycles SOO 

All failures due to pad corrosion 

Table 5 : Cumulative Reliability Data after 
Infra-red Reflow. 

0132 

0132 

0132 
0132 

0/12 
0112 
1112 
1111 
3/10 

0132 

Test Vehicles: M74HCOO and M74HC74 (SO·14) 

> 210'C/60s 

Operating Life 1300h 0134 

THB 8S'C/85%RH 1300h 0134 

HAST 130'C/8S%RH 
100h 0/32 
200h 0/32 
SOOh 0/32 
672h 0132 

Thermal Cycles 7S0 0170 

APPLICATION NOTE 

Table 6 : Cumulative Reliability Data in Multiple 
Wave Soldering with Repetition of the 
Soldering Cycle, 

Test Vehicles: LM2903 (SO·8), LM2901 and M74HCOO 
(SO·14) 

Double Wave Triple Wave 
250'CIS.4s 260'Cl3s 

Number of Cycles 1 2 3 4 1 2 3 

Pressure Pot 
96h 0156 
S04h 0lS6 

100 Thermal Cycles 
(- 40/150'C) Followed 
by Pressure Pot 

96h 0/30 0130 0160 
168h 0130 0130 0160 
240h 0130 0130 0/60 

HAST 130'C18S%RH 
V ~ 6V 

100h 0132 0132 0132 1/32' 
SOOh 0/18 0118 
1000h 0118 0118 
1150h 1118 1/18" 
1300h 17117 17117" 

• Parametric Failure .. Pad Corrosion 

COMMENTS ON THE RELIABILITY RESULTS 

Previous results do not reveal negative effects due 
to the exposure of SM devices to the soldering heat, 
for all of the industrial SMT soldering methods, in 
combination with the most common solders and 
cleaning solvents (Freon, water with and without 
ultrasonics), 

Wear-out in the HAST test (130'C/85%RH) is bet­
ween 1100 and 1300 hours when the soldering 
cycle is repeated up to 4 times with high tempera­
ture (250-260'C) multiple wave soldering, which is 
considered to transfer the highest thermal stress to 
the package body. 

Pad corrosion is the final failure mechanism for all 
samples. 

This performance is about 7-10 times better than the 
2000-3000 h THB 85'C/85%RH, which is currently 
requested as qualification target in moisture resis­
tance biased tests. Therefore, the reliability of sur­
face mounted deVices considered in this work is high 
enough to meet the most stringent requirements of 
the professional market. 

No evidence of cracks in the plastic case was found 
in the previous evaluations. This effect (referred to 
also as 'pop corn' effect) is attributed to some anom-

3/10 

1275 



APPLICATION NOTE 

alous thermal expansion of the package in the sol­
dering phase, caused by water absorbed by the 
plastic encapsulation: a thermal treatment at a tem­
perature higher than 100°C for a few hours is sug­
gested in order to remove the absorbed water.4 

As this thermal pre-conditioning should be per­
formed shortly before soldering, a serious problem 
arises in the assembly line. Such thermal annealing 
is not practical when the parts are supplied in plas­
tic tapes or sticks: they should be removed from the 
packs by the user, heat treated, and packed again 
with additional costs and risks (co-planarity). 

In this company's experience, the 'pop corn' effect 
can be completely avoided by controlling the frame­
encapsulant interface, which is the easiest path for 
the water. Furthermore, experience has indicated 
that water at that interface does change the expan­
sion characteristics of the package. About five years 
ago, the curve of figure 3 was found in some parts 
(coming from lots affected by the 'pop corn' prob­
lem) using Thermo-Mechanical Analysis (TMA). De­
vices under test were placed between the probes of 
the TMA transducer and their expansion character­
istics recorded. 

In the first ramp (5°C/min), package expansion was 
much higher than the moulding compound expan­
sion between 50 and 10aoC ; over 1 aaoc, it returned 
on the curve typical of the encapsulant. Cooling 
down and repeating the measurement, only the 
lower curve of figure 3 was covered. 

This behaviour was attributed to water having pene­
trated between the frame and the plastic body, 
whose expansion was responsible for the package 
deformation during the slow heating in TMA. When 
the parts were soldered on the substrate, cracks 
could occur due to the much faster heating rate. 

Figure 3 : Thermal Expansion of SO Packages. 
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The problem was solved when the possibility of con­
trolling the water content was found, by means of 
an improved frame design and some dedicated pro­
duction steps. 

Millions of parts assembled in recent years showed 
no evidence of the 'pop corn' effect, without any pre­
conditioning before use. 

The same solutions are successfully adopted for 
PLCC packages. 

THERMAL CHARACTERISTICS 

Correlation between reliability and junction tem­
perature Tj is known: 

the device lifetime is roughly halved when Tj is in­
creased by 10'C. 

Mainly due to this fact, thermal dissipation is a sec­
ond factor which caninfluence SMD reliability: a re­
duced body means worse dissipation and higher 
power density on the board. 

As careful thermal design is the key to improved re­
liability, a systematic characterisation of SM pack­
ages was performed, in order to study the main 
factors affecting thermal dissipation at both levels of 
package design and board design. 

In the course of this work, the need for some critical 
revision of the way of producing and using thermal 
data was evident. 

A point which cannot be under-evaluated is the 
choice of measurement method, a:s will be dis­
cussed later. 

Another important point is the following: the com­
mon way of specifying the junction to ambient ther­
mal resistance Rth(j-a) is to associate one value of 
Rth(j-a) to each device. 

In the majority of data books, including this com­
pany's previous literature, little information is given 
on the experimental conditions used to obtain that 
value: the dissipated power and, above all, the kind 
of interconnection between the package and the 
measurement set-up (wi~es, socket or board), which 
in some cases can become a far from negligible heat 
transfer element. 

Ignoring this contribution was probably justifie with 
packages having a low thermal conductivity frame, 
such as Alloy 42 or Kovar. 

For those packages, heat spreading was limited to 
the silicon die and to the die pad; thermal dissipa­
tion was little affected by the surroundings and the 
measurement assembly had little influence on the 
final value of Rth(j-a). 



This is not the case concerning the same packages 
with a copper frame, introduced a few years ago to 
achieve a higher power capability; due to better 
thermal conductivity of the leads they are much 
more sensitive to external dissipating media, event­
ually used for the measurement. 

Similar statements are valid for SMDs and become 
more important on account of their reduced dimen­
sions. 

The concept is summarised in table 7, where the 
thermal resistance of some dual-in-line (DIP), Small 
Outline (SO) and Plastic Leaded Chip Carrier 
(PLCC) packages is given. The influence of the 
frame thermal conductibity is remarkable; but like­
wise remarkable are the differences obtained for the 
same package, when it is connected by thin wires 
(and 'floating' in still air) or soldered on a PC board 
during the measurement. 

Table 7 : Junction to Ambient Thermal 
Resistance (C/W) for DIP and SM 
Packages in Different Experimental 
Conditions. 

Power 'Floating' On SGS 
Ratio 

Pd[W) in Air Test Board 

DIP 14 Leads n 
Alloy 42 0.25mm 0.5 156 138 1.13 
Cu 0.25mm 0.6 125 90 1.39 

SO·14 Leads n 
Alloy 42 0.25mm 0.4 280 195 1.43 
Cu 0.25mm 0.6 190 105 1.80 

PLCC·44 Leads ("') 
Cu 0.25mm 1.0 70 52 1.35 

die size: (') = 0.095 in. x 0.110 in. 
(") = 0.060 in. x 0.090 in. 

(''') = 0.180 in. x 0.180 in. 

Especially for SO packages the influence of the sub­
strate on thermal dissipation is noticeable. This fact 
can help to explain the following points: 

1. The Rth(j-a) values published by different SMD 
suppliers are distributed in too wide a range 
(more than 70'CIW for SO packages) which han­
dicaps a correct thermal design. Most of the dif­
ference is probably due to different test boards, 
and the availability of standardised measure­
ment methodology should help to give more ac­
curate information. 

2. The board lay-out contribution shou Id be studied, 
in order to quantify the effect of device density: 
a suitable distance between two or more dissi­
pating elements can be an effective solution for 
improved reliability. 

APPLICATION NOTE 

3. Specification of thermal characteristics should in­
clude more elements (power level, board density, 
package design) which cannot be summarised in 
one single thermal resistance value, as was com­
monly the case with Alloy 42 DIPs. 

A set of experimental curves was obtained for each 
SM package,2 which gives the relationship between 
these factors ; if used to feed back the board de­
sign, they should help to achieve a better thermal 
performance. 

The most significant results will be discussed 
here. 

Moreover, two other factors will be considered. 

1. The thermal capacitance of the package, which 
is significant especially in· higher pin count 
PLCCs ; it delays Tj increase during power tran­
sients and is important in switching applications. 

2. The frame design in association with a suitable 
board design; a low resistance thermal path can 
be obtained with modified frames; heat is then 
conveyed to copper areas obtained on the board 
and dissipated power can be increased to 2W 
with SOs and PLCCs. 

EXPERIMENTAL METHOD 

When thermal measurements on plastic packages 
are performed, the first consideration is the lack of 
a standard method: at present, only draft specifica­
tions5 exist, proposed in 1986 and not yet standa­
rdised. 

The experimental method used in this company 
since 1984 has anticipated these preliminary rec­
ommendations to some extent, as it is based on the 
P432 thermal test pattern (figure 4) having two npn 
transistors, with 1 OW each power capability. A sens­
ing diode is placed on the thermal plateau ariSing 
when the transistors are operating in parallel and 
gives the actual value of Tj, through the calibration 
curve of its forward voltage Vf (at constant current) 
vs temperature. 

Transistor size, which is not fixed by the documents 
proposed for standardisation, was intentionally 
limited to 1000 mils2, in order to simulate a high 
power density and characterise the worst case. Die 
size, which is found to have some influence on ther­
mal resistance when copper frame is used, is slight­
ly smaller than the die pad size and never exceeds 
30000 mils2 in larger packages, such as high pin 
count PLCCs. 

The measurement set-up is shown in figure 5. It 
is compatible with DC and AC power supply and 
has an accuracy better than 5%. 
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The advantages offered by the test pattern are: 

(i) high power capability (wider evaluation range) ; 

(ii) repeatable electrical characteristics (Vf) and 
temperature coefficient (1.9mV/C) of the sens­
ing element (accuracy) ; 

(iii) high resolution in pulsed conditions (evaluation 
down.to 100s pulses) ; 

(iv) better correlation from one package to another. 

Alloy 42 frames and copper frames were used for 
narrow SO packages (150 mils body) ; only copper 
frames were considered for the others : wide SO 
(300 mils body) and PLCC packages. 

Suitable FR-4 test boards were developed, which 
will be described case by case. 

Figure 4 : Test Pattern P432 Layout. 

Figure 5 : Measurement System. 

THERMAL CHARACTERISTICS IN DC CONDI­
TIONS 

Thermal characteristics of the SO-14 package in DC 
conditions are shown in figure 6. 

The upper curve is related to samples floating in still 
air and connected to 8 thin wires needed for biasing 
the disSipating transistors and the sensing diode of 
the P432 test pattern. 
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Samples soldered op the FR-4 test board shown in 
figure 2 have an approximately halved thermal re­
sistance ; by reducing the copper pattern length of 
the test board, different component densities are 
simulated: thermal resistance is increased by about 
30% when the track length has the minimum value. 

Dependence of the thermal resistance on the total 
area of the traces connected to the package is re­
presented by the curve of figure 7. It quantifies the 
effectiveness of the board lay-out to spread the heat 
and dissipate it towards the ambient and can be con­
veniently used for determining the thermal resist­
ance value associated with a given board design. 

Figure 6: RthG-a) of SO-14 Package vs. Power 
Level. 
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Figure 7 : Rth(j-a) of SO-14 vs. on Board Trace 
Area. 
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Figure 8 : RthU-a) of SO-14 with Copper (SGS­
THOMSON) and Alloy 42 Frame. 
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Comparison of low conductivity (Alloy 42) and high 
conductivity (copper) frames is shown in figure 8. 

The data obtained forthe different SM packages are 
summarised in table 8 ; the two thermal resistance 
values refer to the two extreme cases of a low den­
sity and a high density board. 

Table 8 : Summary of Junction to Ambient 
Thermal Resistance in Steady State 
Power Dissipation (SGS-THOMSON 
test boards) 

Die Pad Size Power Rth(j-a) [OC/W] 
(milinches) Pd [W] on' Board 

SO·8 Alloy 42 90 x 100 0.2 250·310 

Copper 95 x 100 0.2 160·210 

50·14 Alloy 42 98 x 118 0.3 200·240 

Copper 78 x 118 0.5 120·160 

Copper 98 x 125 0.7 105·145 

50·16 Alloy 42 98 x 118 0.3 180·215 

Copper 94 x 185 0.5 95·135 

SO·16W Copper 120 x 160 0.7 90·112 

50·20 Copper 140 x 220 0.7 77·97 

PLCC·20 Cu 180 x 180 0.7 90·110 

PLCC·44 Cu 260 x 260 1.5 50·60 

PLCC·68 Cu 425 x 425 1.5 40·46 

PLCC·84 Cu 450 x 450 2.0 36·41 

RthU·a) values correspond to low and high board density 

APPLICATION NOTE 

THERMAL IMPEDANCE IN PULSED CONDI­
TIONS 

The electrical equivalent of heat dissipation for a 
module formed by the active device, its package, 
the board and the external ambient is a chain of RC 
cells each having a characteristic risetime 1: = RC. 

Thermal capacitance is the capability of heat accu­
mulation and depends on the heat capacitance of 
the materials, their volume and their density. 

When the power is switched on,. the junction tem­
perature after a time t is the result of the subsequent 
charge of the RC cells, according to the well known 
exponential relationship: 

~Tj = Rth x Pd x (1 - etl1:) 

When the pulse length 10 is an assigned value, ef­
fective Tj can be significantly lower than the steady 
state Tj (figure 9) and a transient thermal resistance 
Rth(to) can be defined, from the ratio between the 
junction temperature at the end of the pulse and the 
dissipated power. 

Obviously, for shorter pulses, transient thermal re­
sistance is lower and a higher power can be dissi­
pated without exceeding the maximum junction 
temperature defined in reliability considerations. 

In a similar way, when pulses of the same height Pd 
are repeated with a defined duty cycle DC and the 
pulse is short in comparison with the total risetime 
of the system, the train of pulses is seen as continu­
ous source at a mean power level: 

Pdavg = Pd x DC 

Figure 9 : Qualitative Tj Increase for Single 
Power Pulse. 

Tmax -+--~ 

J _____ I<-' ___ _ 

to 
5-978.(, 

7/10 

1279 



APPLICATION NOTE 

On the other hand, the silicon die has a risetime of 
1 ·2ms and is able to follow frequencies of some 
kHz: junction temperature oscillates about the aver· 
age value: 

~ Tjavg = Rth oX Pdavg 

as qualitatively shown in figure 10. 

The thermal resistance corresponding to the peak 
of the oscillation at the equilibrium (peak thermal re· 
sistance) gives information on the maximum tem· 
perature reached by the device and, depending on 
DC and pulse width, can be much lower than DC 
thermal resistance. 

Figure 10 : Qualitative Tj Increase for Repeated 
Power Pulse. 
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Figure 11 : Test Board for PLCC. 

The knowledge of thermal characteristics in the AC 
condition is a valid tool to reduce redundancy (and 
cost) in the thermal design of pulsed applications. 
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Figure 12 : Transient Thermal Resistance for 
PLCC·84 on Board. 
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The example is now given of a high pin count PLCC, 
which has a large thermal capacitance, due to its 
volume and weight. 

Temperature increase for 84 lead PLCCs soldered 
on the 8M PCB5 test board (figure 11) for single pul· 
ses of different length is given in figure 12. A rise· 
time of 50·60s is typical for this package, having a 
thermal resistance of 38'C W in steady state (see 
table 8). 

For single pulses, the effective thermal resistance is 
much reduced and acceptable junction temperature 
is observed even for high power pulses. 10W can 
be delivered for about 1 s (9'CIW) and 5W for 10s 
(18'CIW). 0 

Peak thermal resistance for repeated pulses, with 
different duty cycles, is represented in figure 13 and 
the above considerations are valid in this case also. 

Figure 13 : Peak Transient Rth for PLCC·84 on 
The Board. 
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MEDIUM POWER APPLICATION 

The lack of power packages suitable for SMT re­
quirements (standard outline, automatic handling) 
is known. 

A simple way to achieve power dissipation in the 
medium range (1-2W) is to transform the available 
signal packages and modify their frame to obtain a 
high conduction path. 

In figure 14 the frame of medium power SO and 
PLCC packages is shown : some leads are con­
nected to the die pad, in order to have a low junc­
tion-to-pin thermal resistance Rth(j-p). Typical 
values of this parameter are in the range of 12-
15·CIW, with a high conductivity lead frame. 

Modification involves the internal part of the frame 
only, while the external dimensions of the package 
are not changed; the solution offers the undoubted 
advantage of being compatible with existing hand­
ling and testing tools. 

The heat produced by the IC, and conveyed exter­
nally by the heat transfer leads, Gan be cost effec­
tively transferred to the ambient by means of 
dedicated copper heatsinks, integrated on the 
board. 

Figure 14: Medium Power SO and PLCC Frame. 

In figure 15, the layout of test boards used for the 
thermal characterisation of medium power SO-20s 
(with 8 heat transfer leads) and PLCC-44s (with 11 
heat transfer leads) is represented. 

The area of the integrated heatsink can be opti­
mised for cost reduction, depending on the dissipa­
tion level. In figure 16 the relationship between the 
Rth(j-a) of the PLCC (33 + 11) and the total dissi­
pating area is given. 

It can be noticed that, with 6-7 sq cm of substrate, the 
thermal resistance of PLCC-44s can be decreased 
from 55·C/W to 40·CIW, for 1.5-2W dissipation. 

A similar performance is possible with the medium 
power SOs. 

APPLICATION NOTE 

Figure 15 : Test Boards for Medium Power SO-20 
and PLCC-44 Package. 

Figure 16 : Rth(j-a) of Medium Power PLCC-44 
vs. Dissipating Area on Board. 
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CONCLUSIONS 

In SMT, two main reliability related concerns are re­
sistance to soldering heat and heat dissipation. 

RESISTANCE TO SOLDERING HEAT 

After extensive evaluation of devices soldered on 
plastic substrates by means of the three industrial 
soldering methods (multiple wave soldering, vapour 
phase and IR reflow), no reliability degradation was 
found. 

The following soldering conditions are possible with 
SO packaged devices: 
• Multiple Wave: T = 250 - 260·C/t = 4s (repetition 

allowed) 
• Vapour Phase: T = 215·C/t = 20s (repetition 

allowed) 
• Infra-red: T > 210·C/t = 60s (Tmax = 225·C) 
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No crack in the plastic case was evidenced during 
the above work or in the field, in recent years of pro­
duction, and no thermal preconditioning was 
needed. However, this result was obtained after op­
timisation of the frame design and of the production 
process. Its extension to the totality of the products 
existing on the market might be too arbitrary, but it 
is possible to conclude that the structure of SM pack­
ages, when associated with suitable materials and 
processes, is able to meet the user's requirements. 

A similar evaluation is running for PLCC packages 
and will be completed in the first half of 1988. 

HEAT DISSIPATION 

Some considerations have been made about the 
consequence of the lack of some standard evalu­
ation methodology. To standardise test chips and 
test boards is very important, in order to reach a bet­
ter knowledge and a better information exchange. 

By means of an internally developed test pattern 
and suitable test boards, three points have been stu­
died: 

1. The influence of the substrate on thermal dissi­
pation, whose effect has to be taken into account 
much more than for insertion packages. With a 
proper layout it is effective in reducing thermal re­
sistance. For example, dissipation of copper 
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frame SO package can become better than the 
equivalent Alloy 42 DIP and only 10-20% higher 
than the equivalent copper DIP. 

2. The thermal impedance, whose value is much 
more suitable for the thermal design of switching 
applications and can contribute to reduce the 
cost of the system. 

3. The new medium power SO and PLCC packages, 
which offer the possibility of cost-effective power 
dissipation in the range of 1.5-2W, still maintain­
ing a standard outline. 
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APPLICATION NOTE 

HANDLING AND MOUNTING ICs 
IN PLASTIC POWER PACKAGES 

Integrated circuits mounted in plastic power packages can be damaged, or reliability compromised, by inap­
propriate handling and mounting techniques. Avoiding these problems is simple if you follow the suggestions 
in this section. 

Advances in power package design have made it 
possible to replace metal packages with more econ­
omical plastic packages in many high power appli­
cations. Most of SGS-THOMSON Microelectronics 
power driver circuits, for example, are mounted in 
the innovative MUL TIWA TT® package, developed 
originally for high power audio amplifiers. Though 
the intrinsic reliability of these packages is now ex­
cellent the use of inappropriate techniques or un­
suitable tools during mechanical handling can affect 
the long term reliability of the device, or even dam­
age it. With a few simple precautions, careful de­
signers and production engineers can eliminate 
these risks, saving both time and money. 

BENDING AND CUTTING LEADS 
The first danger area is bending and cutting the 
leads. In these processes it is important to avoid 

straining the package and particularly the area 
where the leads enter the encapsulating resin. If the 
package/lead interface is strained the resistance to 
humidity and thermal stress are compromised, af­
fecting reliability. 

There are five basic rules to bear in mind: 

• Clamp the leads firmly between the package and 
the bend/cut point (figure 1). 

Bend the leads at least 3mm from the package 
(figure 2a). 

Never bend the leads more than 900 and never 
bend more than once (figure 2b). 

• Never bend the leads laterally (figure 2c). 

• Make sure that he bending/cutting tool does not 
damage the leads. 

Figure 1 : Clamp the Leads between the Package and Bend/cut Point. 
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Figure 2 : Bend the Leads at Least 3mm. from the Package, never Bend Leads more than 900 and never 
Attempt to Splay the Leads Out. 
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INSERTION 

When mounting the IG on a printed circuit board the 
golden rule is, again, to avoid stress. In particular: 

• Adhere to the specified pin spacing of the device; 
don't try to bend the leads to fit non-standard hole 
spacing. 

• Leave a suitable space between the IC and the 
board. If necessary use a spacer. 

Take care to avoid straining the device after sol­
dering. If a heatsink is used and it is mounted on 
the PC board it should be attached to the IC be­
fore soldering. 

SOLDERING 

The greater danger during soldering is overheating. 
If an IC is exposed to high temperature for an ex­
cessive period it may be damaged or reliability re­
duced. 

Recommended soldering conditions are 260°C for 
ten seconds or 350°C for three seconds. Figure 3 
shows the excess junction temperature of a PEN­
TAWATT package for both methods. 

It is also important to use suitable fluxes for the sol­
dering baths to avoid deterioration of the leads or 
package resin. Residual flux between the leads or 
in contact with the resin must be removed to guar­
antee long term reliability. The solvent used to 
remove excess flux should be chosen with care. In 
particular, trichloroethylene (CHCI : CCI2) - base 
solvents should be avoided because the residue 
can corrode the encapsulant resin. 

Figure 3 : The Excess Junction Temperature of a 
PENTAWATT Package in the sugges­
ted Soldering Conditions. 
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TJ 260·C soldering bath 
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HEATSINK MOUNTING 
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To exploit the full capability of a power device a suit­
able heatsink must be used. The most important as­
pect from the point of view of reliability is that the 
heatsink is dimen'sioned to keep the junction tem­
perature as low as possible. From a ,mechanical 
point of view, however, the heats ink mustbe desi­
gned so that it does not damage the IC. Care should 
also be taken in attaching the IC to the heatsink. 
The contact thermal resistance between the device 
and the heatsink can be improved by adding a thin 
layer of silicon grease with sufficient fluidity to en­
sure uniform distribution. Figure 4 shows how the 
thermal resistance of a MULTIWATT package is im­
proved by silicone grease. ' 
An excessively thick layer or an excessively viscous 
silicon grease may have the opposite effect and 
could cause deformation of the tab. 

Figure 4 : The Thermal Resistance of a MUL TI­
WATT Package is improved by Silicon 
Grease. Here Thermal Resistance is 
plotted against Grease Thickness. 

Rth r--'-_"'---r_-.-_,.-~_G::;:-~":c:.,J6 
(OC/W) 

0.05 0.10 0.15 Th(mm) 



SGS-THOMSON plastic power packages - MUL TI­
WATT, PENTAWATT and VERSAWATT - are at­
tached to theheatsink with a single screw. A spring 
clip may also be used as shown in figure 5. The screw 
should be properly tightened to ensure that the pack­
age makes good contact with the heatsink. It should 
not be too tight or the tab may be deformed, breaking 
the die or separating the resin from the tab. 

The appropriate tightening torque can be found by 
plotting thermal resistance against torque as shown 
in figure 6. 
Suggested tightening torques for 3MA screws are 
8Kg/cm for VERSAWATT, PENTAWATT and 
MUL TIWATT packages. If different screws, or sping 
clips, are used the froce exerted by the tab must be 
equivalent to the force produced with these recom­
mended torques. 

Even if the screw is not overtightened the tab can 
be deformed, with disastrous results. If the surface 
of the heatsink is not sufficiently flat. The planarity 
of the contact surface between device and heatsink 
must be better than 50llm for PENTAWATT and 
VERSAWATT packages and less than 40llm for 
MUL TIWATT packages. 

Figure 5: MULTIWATT, PENTAWATT and VER­
SAWATT Packages are attached to 
the Heatsink with a Single Screw or a 
Spring Clip. 

APPLICATION NOTE 

Figure 6 : Contact Thermal Resistance depends 
on Tightening Torque. 
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Figure 7 : The Heatsink Tab may be deformed it 
a Washer or a Wide-headed Screw is 
not used. 
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Similar problems may arise if the screwhead is too 
narrow compared to the hole in the heatsink (figure 7). 

The solution here is to use a washer to distribute the 
pressure over a wider area. An alternative is to use 
screws of the type shown in figure 8 which have a 
wide flat head. When self-tapping screws are used 
it is also important to provide an outlet for the ma­
terial deformed as the thread is formed. Poor con­
tact will result if this is not done. Another possible 
hazard arises when the hole in the heatsink is 
formed with a punch: a circular depression may be 
formed around the hole, leading to deformation of 
the tab. This may be cured by using a washer or by 
modifying the punch. 
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Figure 8 : The recommended Screw Type Looks 
Like this. 
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Serious reliability problems can be encountered if 
the heatsink and printed circuit board are not rigid­
ly connected. Either the heatsink must be rigidly at­
tached to the printed circuit board or both'must be 
securely attached to the chassis. If this is not done 
the stresses and strains induced by vibration will be 
applied to the device and in particular to the 
lead/resin interface. This problem is more likely to 
arise when large boards and large heatsinks are 
used or whenever the equipment is subjected to 
heavy vibrations. 



APPLICATION NOTE 

TO 220AB - TOP 3 - TOPLESS 
THERMAL RESISTANCE AND MECHANICAL ASSEMBLY 

The behaviour of a semiconductor device is direc­
tly related to the temperature of its silicon chip. 

To preserve the performances of the component 
and to ensure optimal reliability, is to limit tempera­
ture by mastering the heat transfer between the chip 
and the ambient atmosphere. 

The purpose of this note is to underline the import­
ance of the mechanical assembly of the component 
on its heat sink by comparing different possibilities. 

A - IMPORTANCE OF THE MECHANICAL 
ASSEMBLY 

1 - THERMAL RESISTANCE 

Review: The thermal resistance (Rth) of a semicon­
ductor assembly is the parameter which characterizes 
its aptitude to channel the heat flow generated by the 
junction during operation. 

It is expressed by : Rth = 
AT (OC/W) 

P 

Where P is the power dissipated by the component. 

When a semiconductor component is assembled on a 
heat sink, the total thermal resistance should be taken 
into account. It is given by the following equation 

Thermal resistance between junction and case 

RthU-c) = Tj - Tc 
-p-

Tj : Junction temperature 

Tc : Case temperature 

This value is specified in the data sheets and it 
varies according to the type of component. 

Thermal resistance between case and heat sink or 
contact thermal resistance. 

Rth(c.h) = Tc - Th 
-p-

AN314/0289 
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Th: Heat sink temperature 

Thermal resistance between heat sink and ambient air. 

It is related mainly to the quality of the contact. 

Rth(ha) = Th - Ta 
--p-

Ta : Ambient temperature 

The thermal balance is elGpressed by the equation: 

Tj - T a = P X RthU - a) 

where the thermal resistance between junction and 
ambient air is : 

RthU-a) = RthU-c)+ Rth(c-h) + Rth(h-a) 
This equation of thermal balance helps to calculate 
the junction temperature of the component. 
A junction temperature which approaches the maxi­
mum temperature of the component could lead to a 
decrease in the electrical characteristics and a re­
duction of the safety margin. A temperature exceed­
ing the maximum junction. temperature· risks 
damaging the semiconductor device. The junction 
temperature should be known at all times. 

2 - TYPES OF ASSEMBLY 

The conventional assemblies can be divided into 
two types: 
_ assembly on heat sink, 
_ assembly in the air (without heat sink). 

The choice of the assembly results in a compromise 
between the following criteria: 
_ convenience of use: the component should be con-

nectable and accessible for testing or replacement, 
_ cost, 

_ possibility of heat dissipation, 
_ mechanical resistance, 
_ aging and fiability. 
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TYPES OF ASSEMBLY AS A FWNCTION OF THE POWER (P) AND THE TYPE OF CASE USED BY 
THE COMPONENT. . 

Power Range Types of Cases Types of Assembly 

P ~ 50 W TOP 3 Heat Sink with Cooling Fins 

2 W < P < 50 W TO 220 I TOP 3 Plain Heat Sink 

.PS,2W TO 220 I' TOP 3 I TOPLESS Assembly in the Air (printed circuit 
board) 

B - ASSEMBLY OF TOP 3 AND TO 220 ON 
HEAT SINKS 

Figure 1 : Attachment of the TO 220 or TOP 3 
(insulated) by M3 Screw. 

Among the various parameters of assembly on heat 
sinks, three are particularly important: 
_ the shape and condition of the heat sink surface, 
_ the pressure of the component on the heatsink, 
_ the contact grease (different types exist). 

The layer spread on the flat heat sink surface should 
be thin and uniform. 

The Rth(c-h) of contact without grease ~ 1.5Rth (c-h) of 
contact with grease. 

1 - AITACHMENT BY SCREW (figure 1) 

Example: TO 220 

Rth (c - h) ; 2°CfW for F ; 25N 

Rth (0- h) ; 1.5 x 2 ; 3°C/W for F ; 5N 

with F ; force 

Advantages 
_ good mechanical resistance 
_ easy and quick disassembly 
_ easy to perform for short series. 
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Figure 2 : Relative Variation of the Thermal Resistance of the Contact as a Function of the Pressure and 
the Tightening Torque for an M3 Screw like Figure 1. 

Multiplication factor K = Alh (c-h)lAlh (c-h) (25 N) 
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The contact thermal resistance of assembly by 
screw changes with the pressure of the case on the 
heat sink. This force depends on the tightening 
torque (figure 2). 

Disadvantages : 
_ deburring of the heat sink hole 

_ mastering of the screw tightening torque 

_ assembly not suitable for long series. 

2 - ATIACHMENT BY RIVET (figure 3) 

Advantages : 
_ good mechanical resistance 
_ quick assembly suitable for long series 

Disadvantages: 
_ difficult to disassemble 

_ risk of deforming the plastic case during assembly 

_ deburring of the attachment hole 

_ difficult to master the force applied by the riet. 

3 - ATIACHMENT BY CLIP 

Two types of assembly by clip exist (figures 
4a and4b) 

30 

1.S 

-

40 

2 

Pressing force F (N) 

Tightening torque C (M /I. N) 

089P.N314·02 

Figure 3 : Attachment of the TO 220 or TOP 3 
(insulated) by Rivet. 

Rivet 
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Figure 4 : Example of Attachment by Clip a. for TOP 3 (ref. mP 18055) b. for TO 220. 
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Advantages : 
_ rapidity of assembly and disassembly (automat­

ization), 
_ low cost, 

_ facility in controlling the pressure exercised by the 
component on the heat sink, 

_ stability in time. 

Example: 

Clip MP 18055 

F=20N 
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_ difficulty in positioning the case with respect to the 
heat sink. 

N.B. : The fact of using a non-insulated component 
for an application in which the case should not be at 
the same potential as the heat sink makes the use 
of an insulator necessary (mica). 

This insulator whose thickness is about 0.1 mm intro­
duces an additional thermal (contact) resistance of : 

- R1h (e-h)=0.8 °CIW for the TO 220 case { 
Mica insulator 

- Rth (e-h) '" 0.5 °CIW for the TOP 3 



C - ASSEMBLY IN THE AIR (WITHOUT 
HEAT SINK) OF THE TO 220 - TOP 3 -
TOPLESS 
The components in direct contact with the air (on a 
printed circuit board) can only dissipate low power. 
For example: 
TO 220: 

APPLICATION NOTE 

The evacuation of the heat produced during oper­
ation takes place at several levels : 
_ the case, 
_ the connections, 

_ the soldering points of connections on the PC 
board. 

Tj _ T a 110 _ 50 The influence of the length of connections, on one 
Maximum dissipated power = -- = --- = 1W hand, and the area of copper at the soldering point, 

Rth U - a) 60 on the other hand, is given on figure 5 and figure 6. 

Figure 5 : Relative Variation of the Thermal Resistance (junction-air) as a Function of the Length L of 
Connections. 

----
Length L (mm) 
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THERMAL RESISTANCE VALUES (junction-air) 

TOPLESS TO 220 TOP 3 

Rth (i-a) 75 60 50 (OC/W) 

Figure 6 : Relative Variation of the Thermal Resistance (junction-air) as a Function of the Area of Copper 
at the Soldering Point. 
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CONCLUSION 

When designing assembly of a plastic-case semi­
conductor device on a heat sink, several precau­
tions need to be taken, particularly never to exceed 
the maximum junction temperature (Tj max.). 

The best assembly system is the one which satisfies 

the thermal requirements in the simplest manner. 
The clip assembler, in most cases, meets these re­
quirements. This assembly, because of the ease 
with which it can be performed, the uniform press­
ure exercised on the case and the low cost, ena­
bles obtaining optimal contact thermal resistance 
and mechanically reliable assembly. 

CHART FOR EVALUATION OF A FIAT HEAT SINK 
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Conditions: 

- Bare convector 

- Vertical 

- Semiconductor device at-the centre 
. No ventilation 

- x 0.7 if painted black 

- square 

i"""" 
~ 

r---. 

0.5 

2 

5 

20 em 

I = length of one side of the square with an area S 

Example: Copper heat sink. thickness e = 1 mm 
Rth (h-a) = S"CIW I = 10 cm 
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Kang-Nam-Gu 
Tel. (82-2) 553-0399 
Telex: SGSKOR K29998 
Telelax: (82-2) 552-1051 

SINGAPORE 

SINGAPORE 2056 
28 Ang Mo Kio - Industrial Park 2 
Tel. (65) 4821411 
Telex: RS 55201 ESGIES 
Telelax: (65) 4820240 

TAIWAN 

TAIPEI 
12th Floor 
325, Section 1 Tun Hua South Road 
Tel. (886-2) 755-4111 
Telex: 10310 ESGIE TW 
Telelax (886-2) 755-4008 

SALES OFFICES 

JAPAN 

TOKYO 108 
Nlsseki - Takanawa Bid. 4F 
2-18-10 Takanawa 
Minato-Ku 
Tel. (81-3) 3280-4121 
Telelax: (81-3) 3280-4131 
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