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Abstract: In flip chip technology, the conventional solder bump has been replaced with a copper (Cu) pillar
bump owing to its higher input/output (I/O) density, finer pitch, and higher reliability. However, Cu pillar
bump technology faces several issues, such as interconnect shorting and higher low-k stress due to stiffer Cu
pillar structure when the conventional reflow process is used. Therefore, the thermal compression bonding
(TCB) process has been adopted in the flip chip attachment process in order to reduce the package warpage
and stress. In this study, we investigated the package warpage induced during the TCB process using a
numerical analysis. The warpage of the TCB process was compared with that of the reflow process.
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Fig. 1 Schematic drawing of the conventional reflow
process. (a) Flux coating and alignment, (b)
Solder reflow, (c) Underfilling and (d) Curing
of underfill
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Fig. 2 Schematic drawing of thermal compression
bonding process. (a) NCP dispensing, (b) Die
placement and alignment, (c) Thermal com-
pression bonding, (d) Bonding tool release
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Table 1 Dimension of each components in Cu
pillar bump flip chip package used in this

study
Item Dimension
Chip 6x6 x 0.10 (mr)
Substrate 10 x 10 x 0.15 (mr)
. 80 um (peripheral) / 160 ym
Bump pitch (center)
Stand-off height 60 um
Bump diameter 40 ym
Cu bump height 30 um
Solder bump height 10 ym
Cu pad 40 x 40 x 10 (ur)
Si_ — T 100 pm
BT substrate 1 1177071 150 pm
80 pm - Si
e

NCP

SR SnAj
BT substrate ! 49 pEm

Fig. 3 Schematic drawing of Cu pillar bump flip
chip package used in this study
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Table 2 Material properties of various materials in
Cu pillar bump flip chip package used in
the finite element analysis

Material | Si | Cu | BT |93 Ncp
g
Young’s x 26
modulus 162.7 | 122 y 26 50 5.8
(GPa) z 11
Poison’s x 0.39
. 028 | 035 | y 0.39 0.4 0.4
ratio(v") 2 0.11
Coefficient
of thermal x 15
. 2.6 17 y 15 22 31
expansion S 5
(ppm/°C)
Thermal
conductivit 148 400 x 40 55 03
y y 0.7
(W/mK)

Die
Cu pillar bump

Substrate

Detailed structure

Fig. 5 Three-dimensional FEM mesh modeling of
Cu pillar bump flip chip package used in
this study
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Parameter Value
So(MPa) 39.09

8900 Activation energy/universal

Meaning

Initial deformation resistance

QR(/K) gas constant
A(l/sec) | 2.23e+4 Pre-exponential factor

g 6 Multiplier of stress

m 0.182 Strain rate sensitivity of stress
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Fig. 14 Warpage results for different substrate core
thickness in thermal compression bonding
process and reflow process
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Fig. 15 Deformation behavior of Cu pillar bump
structure after thermal compression bonding
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