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This study presents a process for wafer handling and robust assembly, which is a novel pre-molding technology
applied to assembled stacked modules prior to chip thinning. These steps aim to overcome severe challenges of
achieving extra-thin thickness as low as 10 μm for chip stacking in 3D-IC module, such as mechanical damage
that appears during chip grinding. A packaging vehicle is fabricated to demonstrate the feasibility of the proposed
approach. Analysis results show that underfill flexibility can relieve expansion of the produced stress to establish
a 3D simulationmodel. The top layer of the outermostmicrojoint has themost serious reliability concern under a
load of temperature change. Moreover, failure estimation and mechanical reliability are also performed via 3D
nonlinear finite element analysis.
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1. Introduction

Package on package (PoP) and 3D-IC combinedwith through-silicon
vias (TSVs) and microjoints provide excellent solution to the intercon-
nect integration of different chips and assist in achieving high perfor-
mance [1–3]. Adopting thinned chips is consequently needed to meet
the requirements of shrinking thewhole thickness of the 3D-IC package.
Among the issues in achieving 3D-IC, ultra-thin chip is regarded as an
important enabler to provide high-flexibility in dense 3D-IC integra-
tions. Conventional wafer back-thinning techniques are considered
high-risk in inducing mechanical damage and fractures during fabrica-
tion handling and dicing steps, as well as in the subsequent assembly
of chip stacking. Given chip damage in different thinning processes,
ball breaker test and three-point bending can be used to measure
wafer breaking strength [4–5]. The solution of using narrow cavities un-
derneath chip areas generated via microelectromechanical systems has
been provided to overcome this issue [6–7]. However, this approach is
difficult for batch manufacture in production and is retardant to the
compatibility of current fabricated equipment. Accordingly, the use of
temporary handling wafer, adhesive, and laser release integrated into
the CMOS harmonious thin wafer process has been developed. Optical
four-point bending and electrical test are adopted for verification

[8–10]. Moreover, a novel approach of lowering the profile of an ultra-
thin package with embedded chip assembled on a Si interposer by last-
ing chip adhesive bonding style has been presented to maintain chip
mounting planarization during assembly [11–12]. Notably, high-
density metal lines and electrodes are important to fabricate dual
sides of a thin Si interposer without fragile fracture [13], especially for
critical interconnected joints, via flip-chip technology. Thermal cycling
and four-point bending tests are adopted in the finite element method
to evaluate the likelihood of rupture during packaging [14–15]. An ex-
ample for the bonding strengths and thermal/electrical properties of
Cu-Sn microjoints within a stackedmodule has been described in detail
by Lv et al. [16]. Furthermore, adopting wafer level underfill combined
with thermal compression method is apparently beneficial to enhance
the interconnect reliability of microjoints. The thermal expansion coef-
ficient structure for mechanical failure emerges to prevent pressure
during heating [17–18].

The top view for the experimental vehicle of 3D-IC packages with
ultra-thin chips are separately shown in Fig. 1. Areas of 5.22 mm ×
5.22 mm and 15 mm × 15 mm are applied to assembled stacked chips
and a silicon substrate, respectively. The detailed process flows of the
pre-molding technology are shown in Fig. 2. For chip stacking (Fig. 1),
chips with TSVs, which have blind openings, are first bonded to a
wafer level silicon substrate by a reflowed step. Underfill then fills the
narrow gap between the chips and the substrate. The next procedure
is also pre-filling the moldingmaterial. Thinning the sequential stacked
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chip by grinding with a mechanical load and reducing the possibility
of chip fracture are simplified given structural support from themolding
material. Afterwards, the following steps are performed via passivation/
opening, bumping, and photo resist strip/etching; an ultra-thin chip
assembly is achieved. The fabricated flow is repeated through steps 1
to 9, and amulti-stacked chip can be bonded to construct the considered
3D-IC package.

However, considering that Si chip thickness is ground to several mi-
crometers, rigorous challenges for heterogeneous system integrations

and for related thermo-mechanical reliability arise. Such challenges in-
clude holding the stacked chips and protecting them from fractured
damage before dicing, and implementing sequential assembly process-
es of 3D-IC packages. To address these issues, this study proposes the as-
sembly approach via pre-molding technology, which is especially
suitable for chip to wafer (C2W) bonding technology. The main charac-
teristic of the present assembly approach is the thinning of stacked
chips, which is performed after C2W fabrication integrated with pre-
filling of molding materials [19–20]. Meanwhile, both chip stacking
and concerned packaging structure are completed.

2. Assembled vehicle of 3D-ICs integration

To extract the 3D-IC package, the cross-sectional sketch of chip
tacking and the detailed dimensional specifications of the components
from the A–A line are presented in Fig. 1. The detailed specifications of
the stacked chips with the interconnect system composed of TSVs and
microbumps are shown in Fig. 3. Notably, a 230-μmpitch among TSV ar-
rays is designed in the structure. The diameters for the TSVs and the
microjoint bonding area are 30 and 50 μm, respectively. After assem-
bling each 10-μm-thick ultra-thin chip, the gap filled by the underfill
to enhance the structural strength of the microjoints is approximately
15 μm. Molding material is present in the peripheral region of the
stacked chips.

3. Stress simulation modellings

In addition to the performance of 3D nonlinear FEA, a quarter sym-
metry of the entire structure is constructed given that the layout ar-
rangement of 3D-IC packages is in-plane biaxial symmetry. Hence, the

Fig. 1. Top view of the experimental vehicle of 3D-IC packages with ultra-thin chips.

Fig. 2. Explanations for chip stacking process flows in the 3D-IC packaging structure.
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