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ABSTRACT

Flip chip ball grid array (FC-BGA) packages are commonly used for high inputs/outputs (I/0) ICs; they
have been proven to provide good solutions for a variety of applications to maximize thermal and elec-
trical performance. A fundamental limitation to such devices is the thermal resistance at the top of the
package, which is characterized 0)c parameter. The die-to-lid interface thermal resistance is identified
as a critical issue for the thermal management of electronic packages. This paper focuses on the effect
of the interface material property changes on the interface thermal resistance. The effect of package’s
junction to case (Theta-JC or 0jc) thermal performance is investigated for bare die, flat lid and cup lid
packages using a validated thermal model. Thermal performance of a cup or flat lid attached and bare
die packages were investigated for different interface materials. Improved Theta-JC performance was
observed for the large die as compared to the smaller die. Several parametric studies were carried out
to understand the effects of interface bond line thickness (BLT), different die sizes, the average void size

during assembly and thermal conductivity of interface materials on package thermal resistance.

© 2008 Elsevier Ltd. All rights reserved.

1. Introduction

Control of component temperatures and temperature gradients
is essential for successful operation and reliability of electronic
products [1]. The current trend of increasing heat fluxes combined
with smaller dimensions leads to the development of higher local
temperatures. Increasing the chip power densities to 100 W/cm?
and higher is the key driving force for the need to develop highly
conductive interface materials and packages with reduced bond
line thicknesses. The International Technology Roadmap for Semi-
conductors (ITRS) predicts that this trend will continue in the fu-
ture [2]. Indeed, thermal issues threaten to limit the electrical
performance; hence package-level thermal management has be-
come a primary concern for an active die. Flip chip packages are
commonly used because of their improved electrical and thermal
performance. These packages are primarily used in high perfor-
mance microprocessors, digital signal processors, networks and
data storage applications [3]. As power dissipation increases, it is
essential that the packages housing the chips have highly reliable
thermal and electrical characteristics to achieve optimum device
performance. In high performance applications, flip chip packages
are constructed using different types of materials, e.g. substrate
either as laminate or ceramic with many metallization layers, lid,
die and heat spreader as shown in Fig. 1.
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Typically, FC-BGA packages have two different interfacial mate-
rials in the heat flow path; one is between die-to-lid (TIM I) fol-
lowed by a thermal interfacial material between the lid and the
heat sink (TIM II), or between the die back side and the heat sink
(typically termed as TIM II). Lee [4], de Sorgo [5], and Latham [6]
have discussed thermal resistances at interfaces between heat
sinks and packages. These articles report primarily on their test re-
sults for the combined resistance as a function of contact pressure
for various interface types. Their work involves bare die surfaces
(air filled) as well as joints where the interstitial gap is filled with
a material layer containing thermally conductive fillers. As noted
by de Sorgo [5], these fillers include thermal greases, thermally
conductive compounds, elastomers, and adhesive tapes. There are
several types of interface materials in the market today [7,8] with
various thermal conductivities and bond-line thicknesses, such as
thermal adhesives, greases, phase change materials (PCMs) and
thermal pads. Advantages of thermal pastes include low cost, ease
of assembly and re-workability. Among the disadvantages of the
thermal pastes are: large thermal resistance and the susceptibility
for voiding and drying out [9]. The temperature drop at contact
surfaces is much larger than that across the TIM due to imperfec-
tions in the wetting of the contact surfaces by the TIM [10]. Prasher
et al. [11] have discussed novel models to improve the understand-
ing of the effects of surface chemistry by particle loading and the
reduced contact resistance between the interface material and
the surfaces. Thermal interface materials play a major role as they
account for almost 20-50% of the total thermal budget [12], i.e.
they represent major thermal resistance in flip chip packages.
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Nomenclature

TIM-I1 thermal interface material used between die and lid

TIM-II  thermal interface material used between lids to heat
sinks or dies to heat sink

FC-BGA flip chip ball grid array

I/0 inputs/outputs

ICs integrated circuits

BLT bond line thickness (pm)

Theta-]JC (0;c) pckage junction to case thermal resistance (°C/W)

Theta-]B (0;3) package junction to board thermal resistance (°C/W)

Theta-JA (0;a) package junction to ambient thermal resistance
(°C/w)

Theta-CS (0cs) package case to sink thermal resistance (°C/W)

Theta-SA (0sa) package sink to ambient thermal resistance (°C/W)

T junction temperature (°C)
Ta ambient temperature (°C)
P power dissipation (W)

The total interfacial thermal resistances can be improved by
increasing the bulk thermal conductivity of the interface material,
thinning the bond line thickness, increasing the wetting or bonding
of the surface, and increasing the flatness of the lid or the heat
spreader. The current method of making enhancing the thermal
conductivity of these attachment materials involves addition of
high thermal conductive fillers such as silver particles or flakes.
Some basic problems associated with this approach eliminate many
of these compounds from practical application. These include poor
adhesion or mechanical stiffnesses that adversely affect component
reliability. Some newly developed silver-filled interfacial adhesives
have high thermal conductivity but they lead to extensive voiding
or have poor surface coverage. Although solder alloys have higher
thermal conductivity (up to 10-20 times that of conventional
TIMs), their reliability is a concern. Development and the associated
challenges of new interface materials are discussed in [13-15]. La-
sance [16] has identified various problems with the current test
methods used commonly based on ASTM D5470 and has recom-
mended several changes with reference to TIMs.

In this paper, we evaluate some of the major contributing factors
to the thermal performance, e.g. bond line thickness, bulk thermal
conductivity of the material and effect of void parameters during
the assembly. Theta-]JC and Theta-JB thermal performance of three
different FC-CBGA packages (35 mm, 22 mm and 18 mm) using cup

(a) Bare die package

Substrate

|
o 0 O 0 00 O 0O

(b) Package with Flat Lid

Flat Lid
[ |

| TIM-I

Substrate

Bump

lid, flat lid and no-lid configurations are investigated numerically.
The Theta-JC thermal performance of a 35 x 35 mm CBGA package
was evaluated using three different die sizes (5 x 5 mm, 15 x 15
mm and 20 x 20 mm) and various TIM-I materials.

2. Thermal model of package

The detailed dimensions of different flip chip package cross-sec-
tions with and without lid attached are shown in Figs. 1a-e. One
side of the chip with bumps is soldered on to the substrate. The
other side of the substrate is attached with a eutectic solder to
the printed circuit board. Fig. 1a shows the package cross-section
without lid where the die is exposed on the top surface (also called
bare die or lidless package). Figs. 1b and c show a CBGA package
with flat lid and cup lid. The cup and flat lids are attached to the
die by a thermal interface material (TIM-I). For the cup lid package,
a higher thermal conductive epoxy with weaker mechanical prop-
erties can be selected whereas for flat lids both thermal and
mechanical properties have to be strong enough to hold the lid
on top of the die. If a bare die is used, heat sink is directly attached
to top of the die with TIM-II. The package was modeled as a series
of embedded conductive cubical blocks.

A detailed thermal model of this package was created using
FLOTHERM®, a commercial CFD tool [17]. This code uses the finite

(d) Bare die package with Heat Sink
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Solder balls

(c) Package with Cup Lid
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(e) Cup Lid package with Heat Sink
Heat Sink
Cup Lid TIM-II

Bump ! TIM-I
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Solder balls

O

Fig. 1. Various package lid and thermal interface materials (TIM) in electronic packages modelled.
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volume method for solving the conservation equations of mass,
momentum and energy subject to appropriate boundary condi-
tions. The three-dimensional governing equations are solved for
steady state inside the enclosure around the package. The thermal
performance of electronic packages is generally quantified in terms
of their thermal resistance. Traditional metrics such as junction-to-
case, junction to board and junction-to-ambient thermal resis-
tances are used as figures of merit to compare package thermal
performance.

Simulation results are reported based on three-dimensional
conduction-based FLOTHERM simulation models for Theta-]JC as
per top cold plate test. Conduction based cooling flow channels
model is used for Theta-]B as per the JEDEC standard [18]. Results
from FLOPACK®, a web-based commercial package design tool (a
two resistor compact model), are used to verify the 3D conduction
based model results for quick assessment of the thermal perfor-
mance. Figs. 2a-2c show the thermal simulation model setup for
all package configurations tested.

The simulation results are compared on the basis of package
junction-to-case and junction-to-board thermal resistances (0c
and 0p). The junction-to-case thermal resistance (0)c) is normally
derived from a top cold plate test, in which the package is placed
on a printed circuit board with all sides insulated except for the
top surface. A cold plate with a specified temperature is pressed
against the top surface. Hence, most of the power dissipated from
the package leaves through its top surface (Fig. 2a). Subsequently,
the junction-to-case thermal resistance, 0;c (°C/W), is calculated as

T, -T
O = 5¢ (M

where Tj is the junction temperature, Tc is the temperature of the
cold plate, which is estimated from the numerical simulations. P
is the chip input power dissipation rate of the die.

Similarly, the junction-to-board resistance (0jg) is derived by
placing the package in a specially constructed harness called “Ring
Cold Plate” [15]. This method follows the Joint Electron Device
Engineering Council (JEDEC) standard. The Ring Cold Plate
(Fig. 2b) fixture consists of a standard four-layer JEDEC board in-
serted between two cold plates. The cold plates are in the shape
of a ring. Middle parts of the ring-cold-plate are kept adiabatic so
that most of the heat travels from the package through some dis-
tance within the board, and then out of the fixture through the
coolant fluid in the cold plate. Subsequently, the junction-to-board
thermal resistance, 0 (°C/W), is from

T, -T
Op =12 @)

where T is the board temperature, which is taken at a point on the
board surface located in the middle of the longest side of the pack-
age with no more than 1 mm from the package edge. Fig. 2c shows
the simplified two-resistor compact network model.

The simple conceptual package thermal network model is used

Eq. (3), which links 0j5 and 0)c thermal resistances with the die
junction temperature and the ambient temperature as follows:

(TJ ;TA> = 0P = (1/(01c +5cs + 05A)> " (1/(()JBP+ OBA)> ©

Various thermal resistance values are the thermal characteristics
metrics of packages used to measure the IC package thermal perfor-
mance. Theta-JC is a measure of the internal thermal resistance

Top side, Ta: 20°C, HTC: 1e6 W/m?K

Top Cold Plate

Side L Side
Ta =20°C PCB - —e———y p Package Ta=20°C
Air [ ] Air

Z

Air Block

Bottom side, Ta: 25°C, Air

Computational domain

|

i

Top Cold Plate

Boundary conditions

x=y=2z=0,T =20°C, air
x=y=0, T =20°C, air

z=L, T=20°C and htc = 1E 6 W/m2 K

Fig. 2a. Theta-JC model: computational domain with boundary conditions.
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Fig. 2b. Theta-JB model: computational domain with boundary conditions.
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Theta-JC

Junction

Theta-JB

Board

Fig. 2¢c. Simplified two-resistor network model.

along the major heat flow path from the die to the package top. The-
ta-JB is a measure of the package thermal resistance along the bot-
tom side of heat flow path from the die to the printed circuit board
through the substrate and the solder balls.

3. Numerical solution

Details of the generalized equation and the numerical method
used are given in Ref. [19]. Initially, the energy equations are
solved for temperature distribution inside the solution domain
using boundary conditions as shown in Figs. 2a-2c. The huge and

unusual value of heat transfer coefficient is applied on the top
boundary surface (as shown in Fig. 2a) to simulate a fixed temper-
ature surface for the sake of computational convenience. The tem-
perature distribution and flow velocities were obtained by solving
the set of flow and energy equations as detailed in Ref. [20] in an
environment consisting of a four-layer printed circuit board of
dimensions, 102 mm x 114 mm, placed in a computational wind
tunnel to compute the package power dissipation capability. The
board includes all copper layers with discrete modeling for maxi-
mum accuracy. The flow inside the computational domain was as-
sumed as turbulent with a forced convection velocity of 2.0 m/s. An
algebraic turbulence model was used to describe the free stream
turbulence. Wall functions were used to describe the turbulent
boundary layer near solid surfaces. The total grid cell count for
the detailed model simulations ranged from 300,000 cells to a mil-
lion cells. Details of the velocity and boundary conditions used for
simulating the flow field and the temperature field inside the solu-
tion domain are similar to those provided by Ravi and Mujumdar
[20]. A grid refinement study was conducted by evaluating pro-
gressively the model results to achieve grid-independent simula-
tion results. The model is not fully symmetric, therefore a 3D
model of the problem was employed. Thermal models were cre-
ated using the material properties listed in Table 1. Fig. 2d shows
a pictorial representation of the potential thermal model of the
voids. Equivalent volume-averaged thermal conductivity values
were estimated and used as inputs for the simulations.

4. Results and discussion

Numerical results are presented for various thermal resistance
parameters for different package and die sizes. It should be noted
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Table 1
Thermal properties of various materials used

R. Kandasamy, A.S. Mujumdar /Applied Thermal Engineering 29 (2009) 822-829

Material

Thermal conductivity (k) (W/m K)

Density (p) (kg/m3) Specific heat (C,) (J/kg K)

Silicon (die) 117.5-0.42 x (T — 100) 2330 700
Ceramic substrate 14.0 3690 880
Lid 170-190 3010 749
Underfill 0.67 Na Na
C4 bump (bump) 36 10,750 142
Solder ball (high pb) 36 10,750 142
TIM-I (lid to die attach) 0.2-10.0 Na Na
TIM-II (heat sink to lid attach or die to heat sink for lidless package) 0.2-10.0 Na Na
Aluminum (heat sink) 180 2700 963
FR4 (PCB) 0.3 1200 880
BLT (Bond Line Thickness)
r Lid Lid Lid i
' i
! i
BLT $ ‘ TIV- |:>| BLT Void i
: TIM1 :
RE I
! Silicon die Silicon die Silicon die |
S U D U ISP UpPE PRI PRIPPU RSP 4
a) b) c)

a) Percentage of void modeled as TIM1 plus void in the whole volume TIM-1 region
b)  Percentage of void modeled as TIM1 plus void in the top upper half TIM-1 region
c) Single void assumed at center TIM1 region, (unlikely in manufacturing)

Fig. 2d. Thermal model: details of TIM1 and potential void locations.

that two-resistor compact network models were also utilized to
establish the thermal characteristics. A uniform heat input of
17 W was applied at the mid-plane of the die. Die junction temper-
ature and package board or case temperature were computed at an
ambient temperature of 20 °C using the detailed thermal model.

4.1. Effect of BLT, die size and TIM-I with cup lid

Fig. 3a shows variation of the interfacial thermal resistance with
TIM-I bulk conductivity for different bond line thicknesses for a
35 mm package fitted with a 5 mm die for the cup lid package.
The increase of thermal resistance can be seen to be more pro-
nounced at lower TIM-1 bulk conductivity as the bond line thick-
ness increases, as expected. The Theta-JC performance curve is

Cup Lid with 5mm sq. die

8.0
—e— Mat-|

7.0 4 —=— Mat-Il

6.0 - —a— Mat-lll
2 —%—Mat-IV
_LE) 5.01 —%— Mat-V
Q 4.0 4
@
@ 3.0 1
o
'_

2.0 /

1.0 A _

» — 3K x
0.0 T T T T T T T T
20 30 40 50 60 70 80 90 100

BLT in um

(a) Cup lid package with small die

nearly flat, showing no significant effect on BLT with Mat-IV
(k=10W/mK) and Mat-V (k=20 W/m K). The other interfacial
materials tested were, Mat-I (k=0.2 W/m K), Mat-II (k=0.8 W/
mK) and Mat-IIl (k=2.0 W/mK). The package interface thermal
resistance decreases approximately 50% with BLT change of 100-
25 um using Mat-I. Similar decrease is only 27% for Mat-IV while
it is 17% for Mat-V.

Fig. 3b shows thermal performance plots for a large die size. By
increasing the die size from 5 to 20 mm, the effective heat transfer
area increases 16 times. The thermal resistance decreases 9-12
times with increased die size. The overall magnitude of Theta-]JC
is predicted to be 0.3-0.8 °C/W with Mat-I and it is in the range
<0.1 °C/W for a highly conductive material like Mat-IV. Based on
our simulation results it is clear that the thermal resistance can

Cup Lid with 20mm sg. die

0.9
08 —e— Mat-|
< —a—Mat-ll
0.7 4 —a— Mat-ll
% 0.6 —%— Mat-IV
£ 05 A —%— Mat-V
Q
& 0.4 1
4
£ 0.3+
0.2
0.1 - //:
0.0 ——

20 30 40 50 60 70 80 90
BLTin um
(b) Cup lid package with large die

100

Fig. 3. Theta-JC performance curves for various TIM-I for different BLT (35 mm, cup lid package).
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be reduced by 4-12 times by selecting a suitable highly conductive
material and by choosing a smaller bond line thickness especially
for the small die package.

4.2. Effect of BLT, die size and TIM-I for flat lid package

Figs. 4a and b show Theta-JC performance curves for a flat lid
type package of different die sizes (5 mm and 20 mm). The thermal
performance predictions for different BLT’s with various thermal
interface materials are observed to be similar to those with the
cup type lid. The thermal resistances are rather sensitive to the
bond line thickness. Thermal performance is poorer and the curve
becomes nearly flat as the thermal conductivity increases. The
magnitude of the Theta-JC variation is lower for the larger die size.
For an average BLT of 50 pum using Mat-III(2.0 W/m K), the value of
Theta-]C decreases from 1.5 °C/W (with 5 mm die size) to 0.17 °C/
W (with 15 mm die size) and to 0.1 °C/W (with 20 mm die size).
Overall, as expected, the cup lid type package is better than the flat
lid package for better thermal management.

4.3. Effects of package size and substrate conductivity

Fig. 5 compares the thermal performance of various BLT’s with
different materials for package body sizes of 18 mm and 35 mm for
a smaller die (5 mm die). Smaller die size was chosen for this study
since it is more sensitive to Theta-]JC than the larger die package. As
expected, Theta-JC is higher for larger package size due to better
heat distribution towards the substrate as compared with a smaller
package size. With a higher conductivity material using smaller die
size, Theta-JC of both packages is nearly flat and indeed they over-
lap as seen in Fig. 5. At lower BLT, the material effect is less pro-
nounced than that of BLT. Additional simulations were carried
out by changing the thickness of the flat lid from 1.5 to 3.00 mm,
but the results showed only marginal change. Changing the flat
lid material from aluminum to copper also did not show any
improvement in the Theta-JC thermal performance.

Lidless (package without lid attached) is seen to show signifi-
cant effect on package junction-to-board thermal resistance.
Fig. 6 compares the thermal performance of a 35 mm package for
two different die sizes. A substrate material with a smaller number
of copper layers is expected to have an effective equivalent con-
ductivity of under 5.0 W/m K. Theta-]B performance of the package
is significant for a package with smaller die and low conductivity
substrate material. The value of the junction-to-board thermal
resistance decreased by approximately 4-5 times with increase
of die size for a poorly conductive substrate. Use of materials such
as alumina ceramic as substrate (k > 14 W/m K) results in better
thermal performance with lower Theta-]B value for large die sizes.

Flat lid with 5mm sq. die

25
—e— Mat-I
5 209 | —a—Mat-lI
o —a— Mat-lll
c 154
o —»— Mat-IV
2
& 101
[)
=
'_
N ,ﬁ:ﬁ//’:
20 30 40 50 60 70 80 90 100
BLT in um

(a) Flat lid package with small die

Different package body size with 5mm die

8

74 —e— 18mm-Mat-I

64 35mm-Mat |
S 18mm-Mat Il
O 5
£ —e— 35mm-Mat Il
S 41 —a— 18mm-Mat Il
% 3 —x— 35mm-Mat Ill
<
= ol —+— 18mm-Mat IV

1 ) , B —-—35mm-Mat IV

O T T T T T T T T

20 30 40 50 60 70 80 90 100

BLT in um

Fig. 5. Theta-|C for different TIM-I.

Bare die package
250

200 -
—e—5mm

1504 —=— 15mm

100 -

Theta-JB in C/W

50 1

\ - M

0 T T T T
0 3 6 9 12 15

Substrate Conductivity in W/m K

Fig. 6. Theta-JB on bare die package.

4.4. Effect of voids

Fig. 2d shows the thermal model of TIM-1 and possible voids
within the TIM-1 material. In this study, the effect of voids (5-
15% on volume basis) on Theta-JC performance was investigated
numerically. For the simulation study, initially the voids were as-
sumed to form in the top half region of the TIM-1 volume region
(seen after curing in the assembly process). Next, uniform void dis-
tribution is assumed to occur throughout the TIM-1 volume. An-
other case with a single void at the centre as shown in the
diagram (Fig. 2d) was also simulated. Some of the experimental
samples were designed deliberately to have voids up to 15% to

Flat Lid 20mm sq. die

1.4
1.0 4 |—*—Mat-l
—e—Mat-I
2 1.0
o ——Mat-ll
£ 0.8 1
g —— Mat-lV
& 0.6 1
2
£ 0.4 -
0.0 —_—
20 30 40 50 60 70 80 90 100

BLTin um
(b) Flat lid package with large die

Fig. 4. Theta-JC performance curves for various TIM-I for different BLT (35 mm, flat lid package).
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Table 2 compare the data with numerical results. A comparison of the ther-
Effect of TIM1 voids on thermal resistance mal resistances at each BLT is given in Table 2. The value of the pre-
22 mm CBGA package, thermal resistance: Theta-JC (°C/W) dicted Theta-]JC is lower when the voids are uniformly distributed
Epoxy Thk Flat lid used, die to lid attach conductivity: 0.4 W/m K in the top half of the region as compared to cases of uniform distri-
- - - - bution in the whole region. For the worst thermal case with a sin-
(um) No void 5% void 10% void 15% void gle void in the center region, the highest value of Theta-]JC is
VoudidismbufediaciossitheiwnotelvotimefoDAlresiorn obtained. The value of Theta-]JC increases ~10%, ~17%, and ~23%
25 1.11 1.16 1.20 1.26 for 5%, 10%, and 15% voids, respectively.
50 2.01 2.09 2.18 228
Void distributed in the upper half of the DA region
25 1.11 1.15 1.18 1.20 4.5. Effect of heat sinks and interface materials
50 2.01 2.05 2.10 2.15
25 i?{'f single void atf;; tre of DA regnl)g 4 1.44 Eliminating one of the interfaces can reduce the overall thermal
50 201 218 233 247 resistance by a significant fraction. Package designs to protect the

bare die enable wider use of bare die packaging, and eliminate one

18mm CBGA Package Theta-JC performance - Flat Vs Cup Lids
30

2.6 [ BLT 50um

25 | E BLT 75um

20 19

1.5 4

Theta-JC in C/W

1.0 4
0.7

0.520

05 - 03 0.4

0.0 ’—

Flat Lid (k=0.4 W/mK)  Flat Lid (k=1.5 W/mK)  Cup Lid (k=3.0 W/m K)

Fig. 7. Effect on package Theta-]C for different BLT over cup and flat lids.

18mm CBGA package (Bare die, Flat and Cup Lids)
Airflow: 2.0 m/s, Std Heat sink, Tj,max: 110°C

18

17 O Tj-Ta = 25°C
164 1_ _5_._9 B Tj-Ta = 30°C

15.2 I Tj-Ta = 40°C

14
13.0
13 4 —

12 4

-
-
©

-

-y

N

10.5

9.7

9.1

Power in Watts

10+ 7

9
8 -
7 -

6 -
5 4

Bare Die Flat Lid Cup Lid Bare Die (TIM2) Flat Lid (TIM2) Cup Lid (TIM2)
(Fig. 1a) (Fig. 1b) (Fig. 1c) (Fig. 1a) (Fig. 1d) (Fig. 1e)

Fig. 8. Comparison of package power dissipation for various lid types with and without TIM-II material.
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of the two interfaces in the heat transfer path. Lids are used not
only to spread the heat but also to protect the die from mechanical
damage. Lids help spread the heat from the die footprint to a larger
area so that the heat sink is more efficient in dissipating heat to the
environment. For a flat lid, good mechanical properties along with
excellent wetting and adhesion characteristics are essential for
TIM1 (some interface materials have lower thermal conductivity
values of 0.4 and 1.5 W/m K). When a bare die package is used,
the interface material between the die and heat sink is softer or
more compliant to prevent damage during assembly. For cup lid
package, TIM-1 material has higher thermal conductivity and good
mechanical properties.

The computed Theta-JC results are shown in Fig. 7 for 50 pm
and 75 um BLT (18 mm CBGA package for different TIM-I materi-
als). Lower Theta-JC is achieved using the cup lid package with a
smaller BLT (use of better conductive interface material is possible
with cup lid). Use of bare die package can help to get rid of the first
level thermal resistance. Fig. 8 shows a graph of the package power
dissipation capability for the different lid choices, exploring TIM-II
effects (standard heat sink at airflow of 2.0 m/s). The power dissi-
pation results are compared to cases with and without the inter-
face material (TIM-II) for different lid options. Among the various
lid types, the highest package power dissipation is possible using
bare die configuration without TIM-II interface (configuration as
shown in Fig. 1a with heat sink on top). It shows that the power
dissipation of the bare die package can be increased in the range
between 3.3 and 6.8 W compared with other configurations (no
TIM-II is an ideal case for comparison purpose, in applications to
select least resistant material). Overall, the inclusion of TIM-II low-
ers the package power dissipation capability by about 4.4 W (bare
die), 0.8 W (flat lid) and 2.2 W (cup lid), respectively. Power esti-
mation capability of the bare die package is 60% improved (without
TIM-II) and is 16% (with TIM-II) better when compared with the
equivalent flat lid case. Similar power dissipation improvement is
only ~5% over the cup lid when there is no interface resistance.
The power dissipation of the bare die package decreases nearly
60% when using TIM-II material (configuration as seen in
Fig. 1d). For cup and flat lid cases, the power dissipation rate
dropped about 15%. This is due to the lid heat spreading effect from
concentrated die to lid then by convection to the ambient. Selec-
tion of the right interface material is critical when the bare die with
external heat sink is used in the system environment. As seen in
Fig. 8, the cup lid performance is better than the bare die one if a
poor conductive TIM-II material used.

5. Conclusions

This study has demonstrated that the junction-to-case thermal
resistance of a flip package can be minimized in several ways by
right selection of the interface material and by reducing BLT in
the assembly process. Effects of different types of lids and bare

die options on thermal performance are compared. Assembly pro-
cess factors such as BLT and percentage of void have appreciable
effect on the thermal performance of the package. Numerical sim-
ulation provides valuable information about the package interface
thermal resistances and the effect of the thermal conductivity. The
package power dissipation when using a cup lid, a flat lid and a
bare die packages are compared on the basis of simulation. Elimi-
nating TIM-I interface material or using the least resistant TIM-II to
attach the heat sink is an effective means of cooling for high power
thermal applications with bare die packages. The die size plays a
significant role in efficient thermal power dissipation of the
package.
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