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ABSTRACT 
    The packaging industry has devised various die stacking 
solutions to meet the electronic industry’s growing demand for 
higher memory and functionality. Multiple devices packaged 
within the same footprint results in higher temperatures which 
adversely affect thermal performance and reliability. Thermal 
management and characterization of stacked die packages thus 
becomes vital. Thermal evaluation of such packages is 
complicated as there is more than one heat source. To address 
this challenge, this paper demonstrates the application of the 
linear super position (LSP) principle to evaluate the thermal 
performance of a pyramid stacked die (D2-FBGA) package. 
The package was modeled using FLOTHERM® and 
simulation results were validated with experimental data 
obtained using JEDEC specified environment and 
measurement techniques. Upon excellent correlation, an 
approach using LSP was proposed to generate the thermal 
resistance matrix used to predict thermal performance for 
various power configurations. The LSP principle is found to 
be very suitable for predicting thermal performance of 
pyramid stack packages with negligible error.  This method is 
very useful for comparing thermal performance of pyramid 
stacked die packages. To optimize the thermal performance of 
the package under designed simulation matrix, sensitivity 
studies of mold compound and die attach conductivity on 
thermal behavior were also conducted. 
 
KEY WORDS: D2-FBGA, stacked die, thermal evaluation, 
CFD modeling and simulation, thermal validation, linear super 
position  
 

NOMENCLATURE 
θja/Rja Die junction to ambient thermal resistance, oC/W 
θjb/Rjb Die junction to board thermal resistance, oC/W 
θjc/Rjc Die junction to case thermal resistance, oC/W 
ψjb,ψjt  Thermal characterization parameters, oC/W 
P Power dissipation, W 
�T Temperature rise above the reference or ambient, oC 
LSP Linear Super Position 
PCB Printed Circuit Board 
TSP Temperature Sensitive Parameter 

 
INTRODUCTION 

    Semiconductor packaging industries are challenged to meet 
the rising demand of packages with greater functionality and 
smaller form factor. The continuous improvement in process 
and material technology had made it possible for 
semiconductor industries to package two or more dies with 
different functionality, like memory and flash, in a single 
package. Industries are also exploring 3-D die-stacking 
options to meet the rising demand for IC packages with more 
memory.   
    3-D chip stacking has accelerated the progress predicted by 
Moore’s law as the stacked dies significantly increases the 
density of IC elements on the package surface area. However, 
volumetric heat density in stacked die packages increases as 
more heat sources are embedded in the same package 
footprint. This results in higher junction temperatures of the 
device, which may adversely affect the reliability and 
performance of the device. Therefore, thermal management 
and characterization are critical for stacked die packages. 
Thermal characterization of stacked die packages is fairly 
complicated. Thermal resistance θja of stacked die packages is 
not easily defined as more than one heat source is present [1]. 
Unlike single die packages where the thermal characterization 
methodology has been addressed by the JEDEC industry 
standard, there are currently no equivalent standards for 
stacked die packages.  To address the challenge of evaluating 
multi-die packages thermally, a simple two die stacked FBGA 
(D2-FBGA) package with pyramid die structure was chosen to 
demonstrate the thermal evaluation methodology.   
    Traditionally, the thermal performance of a discrete (1 
chip/package) package has been presented as a function of its 
thermal resistances. Thermal resistance, denoted Rjx or θjx, is 
defined as the temperature difference between the junction 
temperature of the chip and a reference temperature divided by 
the known power dissipated [1]. The reference temperature 
can be the ambient temperature for θja or θjma evaluations, the 
package case temperature for θjc evaluations or the board 
temperature for θjb evaluations. As thermal resistance is 
commonly defined using a single junction temperature and 
heat source, difficulties arise in evaluating the thermal 
resistance of a stacked die package which has more than one 
heat source. This thermal resistance is also unable to account 
for thermal crosstalk between the dies in stacked die packages. 
Furthermore, the above definition cannot prevent someone 
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from arriving at an infinite thermal resistance for the chip that 
does not generate any power during operating condition [2].   
    Multi-die packages, with several power dissipating devices 
embedded within the same package, cannot be well 
represented by simple thermal resistance calculations 
commonly used for discrete packages.  In some cases, this was 
ignored and devices were lumped together to generate an 
average steady-state thermal resistance value, as was the 
approach of Bar-Cohen [3]. However, as Bar-Cohen noted, 
this technique could only be applied if the die were of 
identical geometry and power dissipation. An alternative 
approach was suggested by Bret A. Zahn [1] & Li Zhang, et al 
[2] where the LSP principle and thermal resistance matrix with 
non-linear multiplier component was used to evaluate the 
temperature rise in all the dies. This estimated the temperature 
rise and thermal cross talk between the dies for the other 
power levels or power split. This paper demonstrated the 
application of the LSP principle for stacked die package 
evaluation. In addition, a few possibilities of optimizing the 
thermal performance of the package under designed 
simulation matrix were studied.    

  
EXPERIMENTAL EVALUATION 

 
Construction of Pyramid Stack Package 
    Fig. 1 illustrates the two-die pyramid stack configuration of 
D2-FBGA. The package is 15mmx15mm in size with 0.2mm 
thickness and has substrate with 2 metal layers. The substrate 
has 208-ball count with depopulated array of solder ball and 
0.8 mm pitch as shown in Fig. 2. Substrate stack up is shown 
in table 1. The overmold thickness is 0.7mm. 
 
 

 
     

Fig. 1 Two die pyramid stacked FBGA package structure 
 

 
 

       
Fig. 2 Substrate bottom (M2) layer: Ball layout 

 
 
 
 

Table 1. Substrate stack up 
 

Description Thickness, micron 
Top Solder Mask 25 
Top Cu Layer 22 
Core Material 100 
Bottom Cu Layer 22 
Bottom Solder Mask 25 

 
    Two Delco thermal test dies namely PST-1 
(2.54mmx2.54mm) and PST-4 (6.35mmx6.35mm) which meet 
the thermal requirements specified by the JEDEC specification 
EIA-JESD 51-4 [4] were used to form the pyramid stack 
configuration in FBGA for thermal performance evaluation. 
Bottom die was background to 0.14mm thickness and bonded 
with the substrate by a die attach material. Top die thickness 
was about 0.3mm. Bottom and top die were stacked together 
by a spacer adhesive or die to die attach material with 
thickness of approximately 5 µm. The thickness of the top and 
bottom solder mask on the substrate was 0.025mm. The top 
and bottom metal layers (Cu foil+Cu plating) were 0.022 mm 
thick. There was no thermal via in the substrate. 
 
Details of Thermal Test Board 
    The sample size was five for each 1S0P and 1S2P PCB. 
First 5 package samples were surfaced mounted on 
101.5~114.5~1.60mm 1S0P (2 layer) thermal test PCB and 
another five package samples were surface mounted on 
101.5~114.5~1.60mm 1S2P (4 layer) thermal test PCB. The 
1S2P thermal test PCB had 0.035mm thick top and bottom 
solder mask layers, 0.070mm thick top and bottom trace 
layers, 0.035 mm thick power and ground planes. There was 
no thermal via in the PCB.   The pyramid stack D2-FBGA on 
2 layer and 4 layer PCB are shown in Fig 3a and Fig 3b 
respectively. 
 

 
          (a)                                                (b) 
Fig. 3 a) D2-FBGA with                 Fig 3 b) D2-FBGA with   

2 layer PCB                4 layer PCB 
 
Experimental Design 
    The pyramid stacked die D2FBGA package was evaluated 
under JEDEC specified experimental environments. JEDEC 
still air and forced air tests were performed to obtain the 
junction temperature rise for different power configurations. 
The pyramid stacked die D2FBGA package was subjected as 
per the experimental plan shown in table 2.  
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Table 2. Experimental plan 
 

 
 
Thermal Test in Still Chamber and Open Circuit Wind 
Tunnel 
    A one cubic foot still air chamber as per JEDEC standard 
JESD51-2 [5] was used to perform natural convection thermal 
testing to find ∇T and ψjb in still air conditions as shown in 
the Fig 4a. A wind tunnel was used to find ∇T and ψjb in 
forced air convection conditions where wind speed is 1m/s and 
2m/s. Fig 4b shows the test section set-up of the forced air 
convection environment, which is part of the wind tunnel. For 
all the above experimental cases, the ambient temperature was 
maintained at 21~23 oC.  

 

 
 

       (a)              (b) 
 

Fig. 4 a) Still air chamber; b) Forced air, wind tunnel section  
 
    During the measurements, a ‘T’ type 36-gauge 
thermocouple was attached on the trace of the PCB 1mm away 
from the package edge to calculate ψjb. An additional ‘T’ type 
36-gauge thermocouple was used to measure the reference or 
ambient temperature. As per JESD 51-1 [6], junction 
temperature was measured by the standard Electrical Test 
Method (ETM). Before actual measurements were carried out, 
the PST-1 and PST-4 thermal test dies were subjected to 
standard K factor calibration using Memmert ULP 400, a 
precision programmable heating chamber. All calibrations and 
measurements were performed using a single diode. The K 
factor was then used in a test program for the automatic 
generation of the temperature rise Vs time profile when the 
power level was specified. A PCB edge connector was used 
for electrical communication with the package and other 
equipment such as the DC power supply, Keithley switching 
mainframe and Keithley source meter. All measuring 
instruments were interconnected with GPIB interface and the 
measurement parameters were controlled and monitored by 
custom-made JEDEC compliant software. The thermal 
evaluation was conducted according to the matrix shown in 
Table 3. For each thermal test, power was applied to the 
thermal test die and the steady state temperatures were 
captured when the PCB and package were thermally 

stabilized. Transient data were also collected and the stabilized 
stage values were taken for verification and calculation.  
Thermal test sample size of 5 was used for each testing 
configuration and the mean value was found for each test. 
 

Table 3. Experimental power matrix (in Watts) 
  

 
 

The total power dissipation was taken as 1W in all the 
experiments. The experimental results are shown in table 3 
and table 4 for 2L and 4L PCB respectively. Standard 
deviation was less than 0.5 oC in all 2L and 4L cases. The 
results in tables 4 and 5 show that the junction temperatures 
are higher when power of 1W is applied on the top die instead 
of the bottom die. The results suggest that the top die has a 
higher thermal resistance compared to the bottom die. This 
means that more heat was dissipated to the board by 
conduction than to air by convection, which is true in natural 
convection condition [7].  

 
Table 4. 2L Experimental results: Mean value 

 

 
 

Table 5. 4L Experimental results: Mean value  
 

 
 
Application of Linear Super Position Principle  
    As suggested by Bret A. Zahn [1], the Linear Super Position 
(LSP) principle is very useful in predicting the junction 
temperature of individual dies for different power 
configurations and enhancing the understanding of thermal 
cross talk between the dies. Radiation and buoyancy induced 
flows are non-linear. Hence, it is possible that there will be 
errors in the predicted results using the LSP method, 
especially under natural convection conditions. When the LSP 
method is applied, the thermal resistance data is provided in 
matrix form so that the temperature of the dies can be 

Still Air Forced Air (1/ms &2m/s) 
Yes

Yes

2L PCB 
4L PCB 

Yes

Yes

Jedec: Theta JA 

Top Die Bottom Die Top Die Bottom Die Top Die Bottom Die 
1 1 0 1 0 1 0 
2 0 1 0 1 0 1 
3 1 0 1 0 1 0 
4 0 1 0 1 0 1 4L PCB 

S.No: Jedec Still Air Forced Air, 1m/s Forced Air, 2m/s 

2L PCB 

�T (top), o C � T (bottom), o C 
When Top Die  @ 1W 89.8 86.1

When Bottom Die @ 1W 80.3 80.9
When Top Die  @ 1W 77.6 74.0

When Bottom Die @ 1W 68.4 69.1
When Top Die  @ 1W 72.7 69.1

When Bottom Die @ 1W 64.1 64.7

Experiments
Condition

0m/s

1m/s

2m/s

� T (top), o C �T (bottom),
o C

When Top Die @ 1W 65.4 61.8
When Bottom Die @ 1W 56.3 56.7

When Top Die @ 1W 60.7 57.3
When Bottom Die @ 1W 51.9 52.3

When Top Die @ 1W 59.1 55.5
When Bottom Die @ 1W 50.1 50.5

Experiments
Condition

0m/s

1m/s

2m/s
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predicted for any power configuration. As the packaging 
company may not know the exact actual die power 
configuration, providing the thermal data in matrix form will 
enable the end user to predict the temperature of the each die 
for application oriented power application. A methodology 
using the LSP principle to obtain the thermal resistance matrix 
of the D2-FBGA package will be illustrated in this paper. To 
obtain the thermal resistance matrix, the first step is to apply 
unit power on the top die and determine the temperature rise in 
the top and bottom dies. The thermal resistances of both dies 
can be obtained using the following equations.  

  �T11= (T11-Ta) 

   R11 = (T11-Ta)/Ptop 
   �T21= (T21-Ta) 
   R21   = (T21-Ta)/Ptop 

    A simple schematic diagram of top die power application 
and corresponding temperature rises and resistances of the 
dies is shown below 

 
 

    The second step is to apply unit power on the bottom die 
and obtain the temperature rise in the bottom and top dies. The 
temperatures rise and thermal resistances of both dies can be 
obtained using the following equations. 

   �T22 = (T22-Ta) 

   R22    = (T22-Ta)/Pbottom 
  �T12  = (T12-Ta) 
   R12     = (T12-Ta)/Pbottom 

    A simple schematic diagram of bottom die power 
application and corresponding temperature rises and 
resistances of the dies is shown below 

 
 

    Using the above methodology, for each test environment, 
we obtained all elements of the thermal resistance matrix; two 
driving point resistances (heating and measurement at the 
same location) and two transfer resistances (heating the top die 
and capturing the temperature on the bottom die and vice 
versa).   The formulation of LSP for D2FBGA thus obtained is 
  

R11 R12  Ptop  �T1 
   x  a  x   = 
 R21 R22  Pbottom   �T2 

 

    The above formulation can be used to predict the junction 
temperature rise of both dies at various power levels and the 
schematic diagram is shown below. 

 
 
    In the above formulation ‘a’ is the non-linear multiplier [1] 
to account for radiation and buoyancy induced flows under 
natural convection environmental conditions. For forced 
convection conditions, ‘a’ is 1. Similarly, the above 
methodology can be applied for generating thermal resistance 
formulations for other stacked die packages.  
    Using the results shown in the table 4, the following thermal 
resistance matrices can be formed for the total power 
application of 1W for the package on 2L PCB under natural 
convection and forced convection of 1m/s and 2m/s 
respectively.   
        
   89.8 80.3   

86.1 80.9       
 
       77.6 68.4 

74.0 69.1 
 

72.7 64.1 
69.1 64.7 

 
For 2L PCB under natural convection, ‘a’ was derived as 

follows [1], a= [(Ptop die+ Pbot.die)/ Ptotal] 0.9778. The resistance 
matrices and non-linear multipliers are expected to predict the 
temperature rise of the dies for any power levels and 
configurations under natural convection and forced convection 
of 1m/2 and 2m/s respectively.  

To verify the applicability of the above LSP formulation of 
the D2-FBGA, the above resistances were used to predict the 
temperature rise of each die in the D2FBGA for various power 
configurations 1) 0.5W for both dies 2) 0.75W for top die & 
0.25W for bottom die and 3) 0.25W for top die and 0.75 W for 
bottom die. The predictions were compared with actual 
measurements and the error was less than 1% in all cases. 
Therefore, the proposed methodology using the LSP principle 
is very suitable for predicting thermal performance of pyramid 
stack packages with negligible error.  The table 3-6 shows the 
comparison between the LSP predictions and experiments. 
 
Table 6: 0.5W each 
 

 
 

 
 
 
 

R11 R21 

∆T 21 ∆T 11T 0 T 0 

P top 

R 12 R 22 

∆ T 22∆ T 12T 0 T0 

botP 

R 1 R2 

T top T bot
T 0 T 0 

R 1 R2 

T top T bot
T 0 T 0 

P top P bot 

�T 
(top) �T 

(bottom) � T 
(top) �T 

(bottom) �T 
(top) �T 

(bottom) 
0 85.5 83.7 85.1 83.5 0.5 0.2 
1 73.2 71.5 73.0 71.5 0.3 0.0 
2 68.2 66.4 68.4 66.9 -0.3 -0.8 
0 60.7 59.1 60.8 59.2 -0.2 -0.2 
1 56.2 54.7 56.3 54.8 -0.2 -0.2 
2 54.6 53.2 54.6 53.0 0.0 0.4 

Wind 
Speed, 

m/s 

o C o C % Error 

2L PCB

4L PCB

Prediction by LSP, Experiment, 

Natural 
convection    : 

1 m/s             :
  

2 m/s             :  
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Table 7: Top die at 0.75W & bottom die at 0.25W 
 

 
 

Table 8: Top die at 0.25W & bottom die at 0.75W 
 

 
     
    The above methodology will be very useful in decreasing 
the time needed for the thermal analysis of stacked die 
packages due to the reduction of the simulations or 
experimental measurements required. Thermal testing of 
stacked die packages is tedious as it involves repeated chip 
temperature measurements at different power combinations, 
large numbers of tests are needed to obtain the junction 
temperature of each individual die for different total power 
levels and configurations. For multiple stacked die packages, 
it is very difficult to get temperature rise at every possible 
power configuration. As suggested by literatures [3, 8, 9, 10] 
and the above results, it is found that the LSP method can 
greatly reduce the number of experimental runs from NM to N 
x M with reasonable accuracy upon comparison with 
experimental results. 
 

NUMERICAL EVALUATION AND VALIDATION 
 

CFD Numerical Modeling 
    The detailed physical model of the pyramid stacked die 
D2FBGA was constructed in FLOTHERM [11], a 
computational fluid dynamics software designed for the 
thermal analysis of electronic packages and equipment. 
FLOTHERM makes use of the finite volume method to 
analyze three-dimensional geometries from chip level to 
system level. FLOTHERM solves both steady state and 
transient governing equations. Turbulence is modeled with 
automated algebraic equation models. The package is modeled 
as shown in the Fig 5. 

 
 

Fig. 5 D2-FBGA (Pyramid Die Stack) top and bottom view 
 

    The D2-FBGA package is modeled in detail to capture the 
thermal behavior of exact physical structure. The substrate and 
PCB traces are modeled as lumped cuboids with equivalent 
volume averaged thermal properties. Wire bonds are modeled 
as equivalent thermal conductivity embedded solid cuboids 
with orthotropic thermal property. All other package interior 
and exterior parts were represented as a series of embedded 
conductive solid cuboidal blocks with isotropic thermal 
conductivities. Radiation was applied to all the exposed 
surfaces, whose emissivity was assumed to be 0.8. Material 
thermal conductivities are listed in the table 9. 
 

Table 9. Material properties 
 

S/n Material K (W/mK) 
1 Mold compound 0.8 
2 Die to substrate attach 0.3 
3 Spacer adhesive 0.3 
4 PCB trace 390 
5 Solder 50.9 
6 Die Temp. dependent* 
7 Bond wire 296 

*K(Si)=117.5-0.42 (T-100)   
 
    Localized grid was used to capture temperature profiles and 
flow patterns in the areas of interest or where rapid changes 
are expected. Grid-dependent solution studies were performed 
by adjusting grid size. It was assumed that a converged result 
had been achieved if the junction temperature was changed by 
less than 1% with a finer grid. 
     Laminar flow was assumed for natural convection while 
turbulent flow was assumed for forced convection. The 
ambient temperature was assumed to be 20oC. Both still and 
forced air simulations were subjected to conjugate heat 
transfer mode. The temperature and velocity vector profiles of 
the 2L PCB under still air conditions when unit power is 
applied on the bottom die are shown in Fig 6a. Fig 6b shows 
the surface temperature profile of the PCB and D2-FBGA 
package. 
 

 
Fig. 6a. Temperature and velocity vector Profile in Still Air  
 

�T 
(top) (bottom) (top) (bottom) (top) (bottom) 

0 87.3 84.7 87.4 84.8 -0.1 -0.1 
1 75.5 73.0 75.3 72.8 0.3 0.3 
2 70.7 68.1 70.5 68.0 0.3 0.2 
0 63.2 60.7 63.1 60.5 0.1 0.3 
1 58.4 55.8 58.5 56.0 -0.2 -0.4 
2 56.9 54.0 56.9 54.3 0.0 -0.6 

% Error o C o C 

2L PCB

4L PCB

Wind 
Speed, 

m/s �T �T �T 
Prediction by LSP, 

�T �T 
Experiment, 

(top) (bottom) (top) (bottom) (top) (bottom) 
0 82.9 82.5 82.7 82.2 0.2 0.3 
1 70.4 70.4 70.7 70.3 -0.4 0.1 
2 65.9 65.4 66.2 65.8 -0.5 -0.6 
0 58.1 57.7 58.5 57.8 -0.7 -0.5 
1 54.3 53.8 54.1 53.6 0.4 0.4 
2 52.7 51.9 52.3 51.8 0.7 0.2 

Experiment, o C Prediction by LSP, o C % Error 

2L PCB

4L PCB

Wind 
Speed, 

m/s �T �T �T �T �T �T 
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Fig. 6b. Surface Temperature Profile of PCB in Still Air 
 
Validation 
    The average temperature rise and thermal resistance was 
found for a sample size of five in each experimental test. The 
standard deviation was less than 1oC in all the cases. As 
mentioned, temperature rise ∇T was calculated for stacked die 
packages rather than θja, θjb and θjc. Thermal performance 
comparisons are shown in the table 10 and table 11 for 2L and 
4L PCBs respectively. In all the validation cases of D2-FBGA, 
the deviation between simulation and experimental data is less 
than 10% which shows a very good correlation with each 
other.  
 
Table 10. 2L board validation-still and forced air 

 
Table 11. 4L board validation- still and forced air 
 

 
 
  The discrepancy between the experiments and simulations 
can be due to 1) numerical and experimental errors 2) 
accuracy of material properties used in the CFD model and 3) 
substrate and PCB signal layers modeling simplification. 
 

SENSITIVITY STUDY 
    To optimize the D2FBGA package thermal performance, 
sensitivity studies of the following parameters were conducted 
on the validated CFD model with low effective thermal 
conductivity board (2L PCB):  

a. Effectiveness of heat spreader  
b. Mold compound thermal conductivity ‘K’ 
c. Die to die attach material thermal conductivity 
 

Effectiveness of Heat Spreader 
    UTAC’s unique heat spreader i.e., XP concept (Patent 
pending) was applied to enhance the thermal performance of 
the D2-FBGA. This is useful in extracting the heat from the 
package top and when the PCB is already saturated with 

higher power level components.  Fig .7 shows the structure of 
the XP-D2FBGA. It was found that thermal performance was 
greatly (more than 30%) improved by spreading the heat 
dissipated across the package body and enhancing the 
radiative and convective heat transfer.  

Heat Spreader 
(Patent Pending)
Heat Spreader 
(Patent Pending)
Heat Spreader 
(Patent Pending)

 
 

Fig. 7 XP-D2FBGA Configuration 
 
Table 12 shows the thermal performance comparison between 
D2-FBGA and XP-D2FBGA 
 
Table 12. D2FBGA Vs XP-D2FBGA 
 

 
 
    The temperature profiles of the XP-D2FBGA when top die 
dissipated 1W are shown in Fig 8. The temperature gradient 
across the top surface of the XP-D2FBGA package was 
smaller.  

 
 

 
 
Fig.8 XP-D2FBGA package temperature profile in still air 
 

Sensitivity Study of Mold Compound ‘K’ 
    The study was performed to analyze the effect of the mold 
compound thermal conductivity on the thermal performance of 
the package. Fig.9 shows the percentage improvement for 
various scenarios. It was found that changes in mold 
compound thermal conductivity resulted in significant 
improvements in thermal performance when the low effective 
thermal conductivity board was used. More than 20% thermal 

Exp. Sim. %Error Exp. Sim. %Error Exp. Sim. %Error 
Top Die@ 1W 89.8 92.3 -2.8 86.1 90.0 -4.5 58.0 59.9 -3.3

Bottom Die @1W 80.3 83.0 -3.4 80.9 83.2 -2.8 48.9 50.5 -3.3
Top Die@ 1W 77.6 75.8 2.3 74.0 73.5 0.7 50.3 52.6 -4.7

Bottom Die @1W 68.4 67.4 1.5 69.1 67.7 2.0 41.1 44.1 -7.2
Top Die@ 1W 72.7 70.1 3.6 69.1 68.6 0.7 48.3 50.7 -5.1

Bottom Die @1W 64.1 61.8 4.2 64.7 62.1 4.0 39.2 42.2 -7.8

Psi-jb, oC/W Condition
o C o C Wind Speed 

1m/s 
0m/s 

2m/s 

�T (top), �T (bottom), 

Exp. Sim. %Error Exp. Sim. %Error Exp. Sim. %Error 
Top Die@ 1W 65.4 66.3 -1.5 61.8 64.0 -3.7 52.4 52.9 -1.1

Bottom Die @1W 56.3 57.4 -2.0 56.7 57.6 -1.6 43.9 44.2 -0.7
Top Die@ 1W 60.7 58.7 3.4 57.3 56.4 1.5 50.1 48.4 3.5

Bottom Die @1W 51.9 50.2 3.3 52.3 50.5 3.5 41.6 41.0 1.5
Top Die@ 1W 59.1 57.1 3.4 55.5 54.8 1.3 49.5 48.8 1.5

Bottom Die @1W 50.1 49.1 2.0 50.5 49.3 2.5 40.3 40.8 -1.22m/s 

Condition
o C oC Psi-jb, oC/W 

1m/s 
0m/s 

Wind Speed �T (top), 

Bot. Die @1W Top Die @1W Bot. Die @ 1W Top Die @1W Bot. Die @ 1W Top Die @1W

D2FBGA 83.20 92.30 67.70 75.80 62.10 70.12 

XP-D2FBGA 55.10 59.90 44.10 47.80 41.10 43.90 

% Thermal 
Performance 
Improvement 

33.77 35.10 34.86 36.94 33.82 37.39 

Package 

Temperature rise, o C 

Still Air Forced Air @1m/s Forced Air @2 m/s 

�T (bottom), 
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improvement could be achieved mold compound with 
minimum thermal conductivity of 3 W/m-K was used.  
 

Sensitivity Study of Mold Compound 'K'
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Fig.9. Sensitivity study of mold compound thermal 
conductivity 

 
Sensitivity Study of Top Die Attach ‘K’ 

In stacked die packages the main risk of operation is that 
any void or delamination in any of the die attach layers will 
result in locally increased thermal resistance, consequently 
may cause over heating [12]. For this reason, the study was 
performed to analyze the effect of top die attach material 
thermal conductivity on the thermal performance of the 
package under still air condition  Fig.10 shows that changes in 
top die attach material thermal conductivity results in minor 
improvements of the package thermal performance. This could 
be due to the thickness of the top die attach material which 
was below 5 microns. Hence the top die attach delamination 
and voids may not have a significant influence on the results 
unless the thermal budget is too tight. 

 
Sensitivity Study of Top Die DA 'K'
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Fig.10. Sensitivity study of top die attach thermal conductivity 
 

SUMMARY AND CONCLUSIONS 
    We evaluated the thermal performance of a pyramid stacked 
die package (D2-FBGA) through comprehensive testing and 
modeling of test samples. CFD simulations and experiments 
were conducted for the D2-FBGA package under JEDEC still 

air and forced air test conditions. All the simulation results 
achieved good agreement with the experimental data.                      

Using the validated data, a methodology using the linear 
super position principle was proposed to generate the thermal 
resistance matrix used for calculating junction temperature 
rises and accounting for thermal cross talk between dies at 
various die power configurations. The linear super position 
method was successfully applied to predict D2-FBGA thermal 
performance at various die power configurations and all 
predicted results achieved good correlation with experimental 
data. The proposed methodology using the linear super 
position principle can be regarded as an efficient and effective 
tool for quick thermal analysis of pyramid stacked die 
packages.  It can also greatly reduce the experimental time by 
eliminating many experiments yet achieving reasonable 
accuracy.  
    In an attempt to optimize the pyramid stacked die package 
thermal performance and reduce design cycle time, sensitivity 
studies of mold compound and die attach conductivity for low 
thermal conductivity PCB application were also conducted. It 
was found that changes in mold compound thermal 
conductivity resulted in significant improvements of thermal 
performance by approximately more than 20% with minimum 
thermal conductivity of 3W/m-K. Top die attach material 
thermal conductivity has minor effects on package thermal 
performance. The thermal performance of the package can be 
further improved by applying UTAC’s unique heat spreader 
i.e., XP concept (Patent pending) by approximately more than 
30%. 
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