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Sealing Bump With Bottom-Up Cu TSV Plating
Fabrication in 3-D Integration Scheme

Cheng-Hao Chiang, Li-Min Kuo, Yu-Chen Hu, Wen-Chun Huang, Cheng-Ta Ko, and
Kuan-Neng Chen, Senior Member, IEEE

Abstract— A sealing bump approach for the simplification of
the conventional bottom-up copper through-silicon via (TSV)
plating process flow is developed to reduce the process steps
and increase the throughput without sacrificing the structure
integrity and electrical performance. In this approach, TSV and
bump formation can be achieved simultaneously through the
bottom-up plating. Results from the analysis reveal excellent
electrical characteristics and quality examination, which indicate
that the proposed approach may be a good candidate for the TSV
fabrication in 3-D integration.

Index Terms— 3-D integration, bottom-up plating, through-
silicon via (TSV).

I. INTRODUCTION

THREE-dimensional integrated circuit (3-D IC) technol-
ogy provides a solution to overcome the lithography

and physical limitation according to International Technology
Roadmap for Semiconductors [1]. To connect the contacts ver-
tically, through-silicon via (TSV) is considered as the critical
technology in 3-D IC application [2]. Intrinsically, copper (Cu)
TSV formation can be achieved by top-down and bottom-up
plating approaches. Conventional top-down TSV approach,
using blind-via plating technique, offers a number of merits,
including the flexibility of integration flow in via-first, via-
middle, and via-last schemes. For example, the Interuniversity
Microelectronics Center has developed a representative of
Cu nail technique after front-end-of-line process using the
top-down TSV approach [3]. Some issues have to be concerned
using blind-via plating technique. For example, the characteri-
zation of the barrier/seed layer becomes extremely challenging
with the higher aspect ratio of TSVs. Seams or voids are easily
trapped inside if the via profile is not well defined. In addition,
electrolyte with additives and a monitor system are required
to achieve a void-free filling [4].

The advantages of the bottom-up TSV approach are to avoid
the concerns mentioned above [5], [6]. Especially, the bottom-
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Fig. 1. Process flow of proposed sealing bump bottom-up plating approach.

up process is suitable for the via-last approach, which can
integrate separate tiers from different foundry/packaging ser-
vices using the optimized technology. However, the bottom-up
plating usually requires the temporary bonding or attaching
technology with metal layer at the bottom side in order to
accomplish the via filling process [5], [6]. The removal of
handing carrier or attached metal may result in extra cost and
reliability issue. In this letter, we demonstrate a new approach
of sealing bump before Cu TSV filling based on bottom-up
plating process. The electrical characteristics and material
analysis of this scheme are also investigated and discussed
in this letter.

II. PROCESS AND INTEGRATION DEMONSTRATION

Fig. 1 shows the process flow of sealing bump bottom-up
Cu TSV plating approach.

1) TSV is formed by using a photoresist as the hard mask
and an optimized Bosch process to obtain a vertical
profile.

2) After TSV etching, the wafer is thinned down until
exposing vias.

3) Plasma-enhanced tetraethyl-orthosilicate oxide as an
insulation layer is deposited on the wafer surface and
the via sidewall.

4) Barrier layer/adhesion layer and Cu seed layer are sput-
tered on the top of the wafer.
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Fig. 2. (a) Etching profile of 25 µm via using DRIE Bosch process.
(b) Fabricated sealing bumps before TSV filling. (c) X-ray image of voidfree
filled TSVs. (d) Wafer from backside with TSVs, where top and bottom metal
lines are overlapped. (e) SEM image of single TSV structure with Cu bumps
on both sides. (f) Final structures of Cu bumps with TSVs inside.

5) Uniform sprayed photoresist (5-µm thick) is coated on
the nonplanar substrate surface with TSV holes, and
followed by a lithography process to define the bump
area.

6) Cu sealing bumps are formed by electroplating.
7) After the bump side of wafer is coated with photoresist,

the wafer is flipped upside down and performed with
bottom-up Cu TSV plating.

8) After removing the photoresist and barrier/seed layers,
the thinned 3-D integration wafer with Cu TSVs and
bumps is completed.

III. MATERIAL ANALYSIS AND ELECTRICAL

CHARACTERISTICS

Scanning electron microscope (SEM), optical microscope,
and X-ray analysis are adopted to ensure no defects in the
wafer produced subsequently by the approach proposed. The
cross-sectional SEM image of etched 25-µm TSV profile is
shown in Fig. 2(a). The feature of 25 µm with the large
via depth of 200 µm shows a successful TSV etching with
an aspect ratio of 8. Followed by the via etching, bump
sealing is successfully fabricated, and then via filling with
electrochemical deposition plating is performed, as shown
in Fig. 2(b) and (c), respectively. The nondestructive X-ray
analysis is utilized for the defect inspection. Multiple Cu TSVs
are thoroughly filled without any seam or void trapped inside.

(a)

(b)

(c)

(d)

Fig. 3. (a) Resistance measurement of single Cu TSV with different sizes.
(b) Resistance measurement of 30 TSVs in series based on daisy chain
structure. (c) Leakage current measurement of 100 TSVs based on comb
structure. (d) Coupling capacitance measurement of 100 TSVs.

Metal lines on the front side can be fabricated and conducted
to TSVs sequentially during sealing bump process, whereas
those on the back side substrate can be formed after TSV
bottom-up plating. In Fig. 2(d), the black dots are Cu TSVs,
the white area is the SiO2 region, and the gray-colored area
is consisted of the metal lines. These clear structures on the
image indicate a successful fabrication. As shown in Fig. 2(e),
the SEM image of single TSV with Cu bumps on both sides of
the thinned wafer shows a complete Cu filling profile without
voids, seams, or defects. Finally, the successful fabricated 3-D
integration structure is shown in Fig. 2(f), where multiple Cu
bumps are fabricated with Cu TSVs inside.

The four-point Kelvin structure is fabricated to investigate
the characteristic of single TSV. Fig. 3(a) shows the resistance
results of the single TSV with different diameters under
current stressing. Measured resistances of single TSV with
various sizes mostly match the theoretical values. Only the
resistance of single 50-mm-diameter TSV is higher because
of the quality of TSV and contact resistance of TSV and
metal layer. In addition, the resistances of daisy chain structure
with multiple Cu TSVs, metal lines, and corresponding contact
resistances are measured, as shown in Fig. 3(b). With the same
TSV pitch of 200 µm, the measured daisy chain resistances
of 25, 50, 75, and 100 µm TSV show stable values during the
current operation.

To realize the insulating capability of TSV sidewall, a comb
structure with 100 TSVs and bumps on the front side is
designed to measure the leakage current. By supplying the
voltage between 10 and −10 V, the average leakage currents of
25, 50, 75, and 100 µm TSVs are all below 1 nA. This leakage
value is identical with other studies, showing the excel-
lent insulation performance on via sidewall is demonstrated
[7], [8]. Finally, Fig. 3(d) shows the measurement of coupling
capacitance by applying the voltage from 10 to −10 V. The
capacitance behavior can be further explained as the coupling
structure with two TSVs is similar to two MOS capacitors.
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Fig. 4. Schematic diagrams. (a) Conventional method with handle carrier.
(b) Conventional method without handle carrier. (c) Bump sealing method
proposed in this letter.

When the voltage is applied, two capacitors are operated in
the depletion and accumulation mode. The average measured
coupling capacitances for 25, 50, 75, and 100 µm of TSVs
are 0.74, 0.88, 1.23, and 2.36 pF, respectively. Based on the
equation derived theoretically in the previous literature [9],
the coupling capacitances of 25, 50, 75, and 100 µm TSVs
are 0.56, 1.09, 1.64, and 2.19 pF, respectively. The small
difference of measured and calculated capacitances mainly
comes from the dielectric constant of oxide and variance of
oxide thickness in TSV (for example, the actual thickness of
PE-TEOS oxide at the top, middle sidewall, and bottom in
25-µm TSV are 0.95 m, 0.68 m, and 0.86 µm, respectively).
Therefore, experimental results are compatible to the ideal
values, indicating this structure is well-fabricated.

IV. COMPARISON WITH OTHER BOTTOM-UP

TSV PLATING APPROACHES

In the conventional bottom-up plating scheme, the tempo-
rary bonding technique is usually used to hold the wafer to be
thinned [5]. In addition, the metal seed layer is required on the
handle carrier in addition to the backside of wafer. Therefore,
two metal layers can be bonded together before bottom-up
plating. However, although the scheme of one thin-top wafer
bonded to the bottom wafer can be achieved, the temporary
bonding and following handle carrier release process make
this approach complicate and not cost-effective, as shown in
Fig. 4(a).

When the target of wafer thickness is not too thin, the
thinned wafer can be processed in fabrication equipment
without the extra handle carrier. Then the method of direct
metal seed layer deposition on one side of the wafer is
usually applied before bottom-up plating [10]. As shown in
Fig. 4(b), however, this approach still requires all the processes
to fabricate bumps or RDL after the metal layer is removed.

Comparing with the above two bottom-up approaches, our
proposed approach in Fig. 4(c) does not require the extra

handle wafer and corresponding releasing process. In addition,
the approach can achieve TSV and bump formation simul-
taneously. With the validation of electrical performance and
quality examination, this approach can be possibly applied in
3-D integration scheme, especially for packaging or via-last
fabrication.

V. CONCLUSION

In this letter, we proposed a new approach for the sim-
plification of the bottom-up Cu TSV plating. By swapping
the procedure of TSV and bump formation, the process
steps can be reduced effectively. TSVs with different sizes
using this approach were fabricated and investigated. Kelvin
structure, daisy chain, and comb structure were designed to
investigate for the electrical characteristics of single TSV resis-
tance, via chain resistance, leakage, and coupling capacitance.
The advantages of this approach included not only those of
bottom-up plating approach, but also the simplification of
fabrication flow. The proposed framework was compati-
ble to the ready process of the via-last approach in 3-D
integration scheme.
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