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Figure 1 Molecular formula of TBPS (color online).

0 =
A2
Ho\/\/d\\ Na
(0]

MPS

SH o

\_O .
HS\/‘\/S Na
\\O

DMPS

Bl 2 MPSFIDMPSH ST (M4 h R E)
Figure 2 Molecular formula of MPS and DMPS (color online).
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Figure 3 Molecular formula of SH110. (a) Initial structure, (b) the
structure in equilibrium (S: yellow; C: grey; O: red; N: blue; H: white)
[19] (color online).
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Figure 4 Five molecular structures (a) JGB. (b) DB. (¢) MV. (d) SO.
(e) ABPV (color online).
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Figure 5 SEM images of copper deposits at different MB concentra-
tions [25]. (a) 0 ppm MB. (b) 5 ppm MB. (¢) 10 ppm MB. (d) 20 ppm
MB. (e) 30 ppm MB.
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Figure 8 Molecular formula of six nitrogen-containing heterocyclic
levelers [32] (color online).
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Figure 11 Adsorption of MPS on Cu(110) surface [45] (color online).
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Figure 12 Schematic diagram of the SPS reaction cycle [49] (color
online).
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Figure 13 Structural models of two PEG—Cu—Cl complexes [54].
Model I: Cu atom forms a ligand with two hydroxyl oxygen atoms of
PEG combined with a chlorine atom. Model II: Cu atom forms a ligand
with an enol ether oxygen atom and a hydroxyl oxygen atom of PEG
and a chlorine atom.
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Figure 14 Molecular formula and bonding energies of PEG—Cu(I)—
CI™ at 25 °C and 50 °C [58] (Cl: green, C: cyan, O: red, Cu: orange, H:
white) (color online).
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Figure 15 PEG-CI —SPS interactions during copper electrodeposi-
tion [66] (color online).
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Abstract: In the post-Moore era, through silicon via (TSV) three-dimensional interconnection has become one of the
key technologies in the manufacturing of high-end electronic devices, while the mainstream method of TSV
metallization is filling vias with copper electroplating. For the integration applications of wafer-level TSV interconnect
process, this paper summarizes the current research and development of copper electroplating additives at home and
abroad, including accelerators, suppressants and quaternary ammonium levelers, nitrogen-containing polymer levelers,
nitrogen-containing heterocyclic levelers, inorganic levelers, additives and chloride ion synergistic relationship, the
synergistic relationship between main additives molecules, TSV electroplated copper filling mechanism model. The key
issues faced by the studies of TSV copper-electroplating additives and their action mechanisms are extracted and
presented for bringing some inspiration to the study of TSV additives and their action mechanism.

Keywords: TSV, copper electroplating, additive, action mechanism, TSV electroplated copper filling mechanism
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