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Abstract

In this study, we developed backside buried metal (BBM) layer technology for three-dimensional
integrated circuits (3D-ICs). In this technology, a BBM layer for global power routing is introduced in the
large vacant area on the backside of each chip and is parallelly connected with the frontside routing of the
chip. The resistances of the power supply (Vop) and ground (Vss) lines consequently decrease. In addition,
the BBM structure acts as a decoupling capacitor because it is buried in the Si substrate and has metal—
insulator—silicon structure. Therefore, the impedance of power delivery network can be reduced by

introducing the BBM layer.

The fabrication process of the BBM layer for 3D-ICs was simple and compatible with the via-last
through-silicon via (TSV) process. With this process, it was possible to fabricate the BBM layer consisting of
electroplated Cu (thickness: approximately 10 pm) buried in the backside of the CMOS chip (thickness: 43
um), which was connected with the frontside routing of the chip using 9 um-diameter TSVs.
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I. Introduction

The three-dimensional integrated circuit (3D-IC) technology
with through-silicon vias (TSVs) [1]-[5] is an effective
method to produce advanced, high-speed, compact, and
highly functional electronic systems. However, stacking
multiple chips can cause power integrity issues with respect
to the circuit design. For example, IR drop in 3D-ICs
increases because the number of TSVs available for power
supply and ground lines is limited. Moreover, large
simultaneous switching noise (di/dt noise) is generated when
stacked chips are switched simultaneously in 3D-ICs. This
simultaneous switching noise can generate unpredictable
voltage change in the power delivery network (PDN),
resulting in the system failure. To solve this power integrity
issues, the impedance of the PDN must be reduced not only
at the board/interposer level but also at the chip level and the
reliability of power delivery must be increased. Some
methods to reduce the PDN impedance at the chip level were
proposed in previous studies. The first method is the
widening of power/ground lines. This method is very simple
but difficult to apply because wire resources are limited in
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the 3D ICs. The second method is the decoupling capacitor
insertion technique. The metal-insulator-metal (MIM)
capacitors and  metal-oxide-semiconductor  (MOS)
capacitors are fabricated on the frontside of the tiers of
3D-ICs as on-chip decoupling capacitors [6], [7]. However,
the decoupling capacitor area cannot be increased much
because the decoupling capacitors are fabricated in the
circuit region.

In this study, we propose the application of the backside
buried metal (BBM) layer technology to each tier of 3D-ICs.
Figure 1 shows the schematic illustration and equivalent
circuit of BBM layer in 3D-IC. In this technology, a BBM
layer is introduced in the large vacant area on the backside of
each chip for global power routing, and is parallelly
connected with the frontside routing of the chip.
Consequently, the resistances of the power supply (Vpp) and
ground (Vss) lines decrease. In addition, the BBM structure
acts as a decoupling capacitor because it is buried in the Si
substrate and has MOS structure. Therefore, the impedance
of the PDN can be reduced by introducing the BBM layer.
The fabrication process of BBM layer for 3D-ICs is simple
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and compatible with the via-last TSV process. This process
primarily consists of eight steps: (1) wafer thinning, (2)
deep-Si etching for TSV formation, (3) trench-Si etching for
BBM formation, (4) removal of Si burr, (5) etching of
bottom SiO, layer, (6) low-temperature chemical vapor
deposition (CVD) for isolation of TSV (BBM) and Si
substrate, (7) etchback and cleaning to remove the insulator
from the bottom of the TSV and establish an electrical
contact between the TSV and first metal layer, and (8) metal
filling, chemical mechanical polishing (CMP) and wet
etching. It is demonstrated that a BBM layer consisting of
electroplated Cu (thickness: approximately 10 um), which is
connected with the frontside routing of the chip using 9
pm-diameter TSVs, can be fabricated.
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Figure 1: (a) Schematic illustration and (b) equivalent circuit
of BBM layer in 3D-IC.
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I1. Fabrication process of BBM layer

Figure 2 shows the fabrication process of the BBM layer.
The prepared wafer was an 8-inch wafer fabricated using the
0.13 um -node CMOS technology. First, electroless Ni-Au
plating and edges trimming were performed. Second, the 3M
wafer support system was introduced, and the support glass
was bonded with a UV-curable adhesive. The thickness of
the wafer was reduced to approximately 43 pum by
employing Si grinding and Si CMP using an automatic
grinder/polisher (DGP8761CMP, Disco). Next,
photolithography was performed using a contact aligner
(MA-8, SUSS MicroTec). In this aligner, the alignment
between the TSVs and the first layer of Al-Cu wiring was
possible owing to the IR alignment function. The deep Si
etching was performed with SF¢, Ar, and O gases using a
deep reactive ion etching system (Telius SP 307H, Tokyo
Electron). The notching at the interface between Si and SiO»
was suppressed by optimizing the deep Si etching time. The
main etching conditions were as follows: rf power (high
frequency): 500 W, rf power (low frequency): 100 W,
chamber pressure: 10 Pa, and time: 7 min 5 s. After ashing,
the BBM photolithography was performed. We fabricated a
resist hole pattern for BBM and filled the TSV hole with a
resist using the positive-tone resist and controlling the
exposure time and development time. This resist protected
TSV hole during the Si etching for BBM. The Si etching of
BBM was also performed using SFs, O,, and Ar gases. The

thickness of etched Si was approximately 10 um in this study.

After the removal of photoresist, we found Si burr near the
hole [Fig. 3(a)]. The Si burr must be removed because it can
disturb the electrical isolation between the BBM layer and Si
substrate. Therefore, we removed the Si burr using SFe
plasma etching [Fig. 3(b)]. After etching bottom SiO, of
TSV with CF4 gas and wet cleaning, a liner oxide was
deposited with tetraethyl orthosilicate and O, gases using a
CVD system (PD-330STC, Samco) at the deposition
temperature of 150 °C. Then, etchback was performed to
remove the oxide from the bottom of the TSVs and expose
the first metal layer (Al-Cu wiring). The exposed first metal
layer was wet cleaned using an organic alkaline solution
(PK-DEX4000F, PARKER CORPORATION) to remove

contaminants (reaction products generated by etchback) (Fig.

4) [8]. This cleaning is crucial for the fabrication of
high-yield TSV/BBM. After Ar ion cleaning, a Ti-Cu film
was deposited using ionized sputtering, and Cu
electroplating was carried out for Cu filling. Then, copper
CMP and Ti etching were performed. After bonding the
dicing tape, the support glass was debonded by laser
irradiating the light-to-heat conversion (LTHC) layer of the
support glass, and the adhesive was debonded by manual
peeling. Finally, the thin wafer was diced, and the diced
chips were selected and placed on a tray.
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Figure 2: Fabrication process of BBM layer, which is fully compatible with the via-last TSV process.

000270

d-8o1e/WSl/Woo ssaidua)|e" uelpUaw//:d)Yy Woly pepeojumoq

L 6102-G0G-08€2/L12€912/892000/1/610Z/3P!

2202 19quianoN zz uo 1senb Aq ypd°g9z000



IMAPS 2019 - 52nd International Symposium on Microelectronics - Boston, MA USA - Sep. 30-Oct. 3, 2019
Visit www.imapsource.org for more IMAPS papers

g4

Si burr

54800 1.0kV 7.7mm x8.00k SE(M)

S4800 1.0kV 7.9mm x8.00k SE(U)

Figure 3: Scanning electron microscope (SEM) images of Si
region near hole. (a) after photoresist removal. (b) after SFs
plasma etching. The Si burr was removed using SFs plasma
etching.
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Figure 4: Wet cleaning of the first metal layer.

Figure 5 shows the cross-sectional SEM images of signal
TSVs. The diameter and depth of signal TSV were
approximately 10 pm and 40 pm, respectively. The notching
between Si and SiO; was small (below 0.5 pm) owing to the
optimization of the deep Si etching condition. On the other
hand, the Ti etched region was generated because of the
removal of Ti layer due to wet etching. This Ti etched region
can be reduced by applying the CMP process for the removal
of Ti layer.

Figure 6 shows the cross-sectional SEM images of the
BBM layer. The BBM layer (thickness: approximately 10
um) was connected with the first metal layer (Al-Cu wring)
using 9 pm-diameter TSVs. In addition, this BBM layer
could be fabricated simultaneously with the signal TSVs.
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Figure 5: Cross-sectional SEM images of signal TSVs. The
diameter and depth of signal TSV were approximately 10
pum and 40 pm, respectively. The notching was small (below
0.5 um). On the other hand, the Ti etched region was
generated due to the wet etching of Ti layer.
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Figure 6: Cross-sectional SEM images of BBM layer. The
BBM layer was connected with the first metal layer (Al-Cu
wiring) using TSVs. The thickness of BBM layer was
approximately 10 um. The notching was small (below 0.5
pm). On the other hand, the Ti etched region was generated
due to the wet etching of Ti layer.

000272

I11. Electrical characteristics of BBM layer

In order to confirm the effectiveness of BBM layer, we
investigated the fundamental electrical characteristics of
BBM layer.

Table I shows the fundamental electrical characteristics
of the BBM layer, which were obtained using a precision
semiconductor parameter analyzer (4156C, Keysight) and an
LCR meter (4284A, Keysight). The resistance of 15
um-width BBM layer and TSV (connected with BBM) was
low. The capacitance between 15 pm-width 2.5 mm-length
BBM layer and Si substrate was not relatively large.
However, by using ‘free space’ (backside of CMOS chip)
and arranging multiple BBM patterns in parallel, a large
capacitance can be obtained, and the BBM layer will act as a
decoupling capacitor.

Table I: Fundamental electrical characteristics of BBM
layer.

Value
Resistance of TSV conncted with BBM layer 25 mQ
Resistance of 15 um-width BBM layer 0.16 mQ/um
Capacitance between Si substrate and 6.0 pF
15 pum-width 2.5 mm-length BBM layer

3% Thickness of BBM layer: 10 um

IV. Conclusion

In order to solve the power integrity issues of 3D-ICs, we
developed a simple process to fabricate a BBM layer in
CMOS chip, which was fully compatible with a via-last TSV
process. Although this process appears to be similar to the
dual-damascene process [9], there are a few differences
because the BBM in the proposed process is fabricated not in
the insulating film but in the Si substrate. With this process,
it was possible to fabricate the BBM layer consisting of an
electroplated Cu (thickness: approximately 10 um) buried in
the backside of the CMOS chip (thickness: 43 pm), which
was connected with the frontside routing of the chip using 9
um-diameter TSVs. In addition, this BBM layer could be
fabricated simultaneously with the signal TSVs.

This BBM layer technology will improve the power
integrity of 3D-ICs and contribute to their overall
performance enhancement.
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