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Figure 4.  Temperature distribution in the center 

component and the air surrounding the component.  Because 
of the relatively high conductivity of the materials in the 
package, there are not large temperature gradients within the 
package. 

 

7. Simulation of Arrays of Components 
With a thermal model of the component and having 

demonstrated that the modeling yields reasonable accuracy 
for an array of components, a series of simulations were done 
with various component spacing.  The board conductivity for 
this series of simulations was chosen to be more typical of an 
application that the previous boards.  The conductity of the 
board for the rest of the simulations was 19.8 W/(m•K) for the 
in-plane conductivity and 2.8 W/(m•K) for the conduction 
from the top of the board to the bottom (out-on-plane).  The 
out-of-plane conductivity was estimated by assuming a via for 
every ball in a 30x30 mm area.  
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Figure 5.  Change in center component thermal 

performance for various component spacings.  Reading top to 
bottom, black diamond is 0.5 m/sec, pink square is 1 m/sec, 
blue triangle is 1.5 m/sec, and green X is 2 m/sec. 

 
Figure 5 has the junction-to-ambient thermal results for 

the center component, of a 3x3 array of packages with various 
package pitches.  The drastic change in effective thermal 
performance as the components are more tightly grouped is 
most evident for the low air speeds.  At 0.5 m/sec, the thermal 
performance goes from 44 °C/W to 24 °C/W as the 
component spacing is changed from center to center distance 
of 30 mm to a distance of 50 mm.  The effect is less 
pronounced at higher wind speeds   For the hottest component 
in the array (trailing component in the center column) the 
results are similar as given in Table 4. 

 

 

  air flow m/sec 
board size 
mm 

center to 
center spacing 

(mm)  0.5 m/sec  1 m/sec 1.5 m/sec 2 m/sec 

90x90 30 47.0 °C/W 33.8 °C/W 26.8 °C/W 22.5 °C/W

120x120 40 33.1 24.1 19.3 16.5 

150x150 50 25.7 19.2 15.8 13.6 

 
Table 4.  Junction-to-Ambient Thermal Resistance for the 

hottest component of a 3x3 array for various board sizes 
 
The hottest component temperature is a couple of degrees 

per watt hotter than the center component.  The effect can be 
amplified by examining a 3x6 array of components.  Figure 7 
shows the junction-to-ambient thermal resistance for the 
center column of components.  Number 1 is the leading edge, 
number 6 is the trailing edge.  The components are on 40 mm 
centers.  For the 3x3 array on 40 mm centers, the hottest 
component had a junction-to-ambient thermal resistance of 24 
C/W at 1 m/sec.  For the 3x6 array, the hottest component is 
slightly hotter with a junction-to-ambient thermal resistance 
of 29 C/W.  The last component is not the hottest; apparently 
the last component has less recirculation behind it allowing 
more cooling from the air flow. 
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 Figure 6  Thermal performance for the center column of a 3 
x 6 array of components.  Reading top to bottom: black 
diamond is 0.5 m/sec, pink square is 1 m/sec, blue triangle is 
1.5 m/sec, green X is 2 m/sec air flow. 
 

If the array is depopulated and the overall power 
dissipation on the board decreases, the effect of the adjacent 
components is less important.  This effect was explored by 
depopulating the 3x3 array from 9 components to 5 leaving 
the same board size 
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Figure 7.  Depopulated 3x3 array leaving 5 components. 
 
The power dissipation on the board was reduced from 18 

W to 10 W on the same 90x90 mm board size.  At 1 m/sec, 
the junction-to-ambient thermal resistance decreased from 34 
°C/W to 19 °C/W as documented in Table 5. 

 
 air flow m/sec 

Components 0.5 m/sec 1 m/sec 1.5 m/sec 2 m/sec 

9 47.0 °C/W 33.8°C/W 26.8 °C/W 22.5 °C/W 

5 26.2 18.9 15.4 13.2 
 
Table 5.  Center component junction-to-ambient thermal 

resistance for two component populations on a 90x90 mm 
board. 

 

8. Summary 
The JEDEC junction-to-ambient thermal resistance 

determined on a four layer thermal test board (2 signal trace 
layers, 2 solid planes) represents the thermal performance on 
boards in which the component being considered is the 
primary heat source and there are only low power components 
surrounding it.  Many authors have stressed the fact that the 
value can be wildly optimistic for certain real applications.  
The simulations and measurements in this paper illustrated the 
effect. 

The JEDEC thermal resistance determined on the single 
layer board is actually a approximation for the thermal 
performance of an array of similar components.  For this 
example, junction-to-ambient thermal resistance on a single 
layer board at 1 m/sec is 20 C/W.  This value is a reasonable 
approximation to the 19 C/W or 24 C/W at 50 or 40 mm 
center-to-center spacing. 

While the JEDEC values provide reasonable estimation 
values for  several environmental conditions, more and more 
design engineers realize the need for thermal modeling of the 
system to achieve cost effective, competitive designs.  The 
methodology used to create the simplified thermal model for 
CFD simulations is an example of component vendor support 

which will become more common as the data is requested 
more often. 
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