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Figure 1 Cross-sectional schematic of cobalt (Co) contact fill
and via prefill for (a) logic and (b) Co in high AR (AR = 10)
contacts ina DRAM memory bitcell (A)", and Intel Gate contact
in 10 nm BEOL (Back end of line)showing Local Interconnect

Integration (B)!.
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Table 1 Backend metal stack used in Intel's 10+ process.
14 metal layers plus Trench Contact. TM: Top Metal!'*'¥,
TCN: Trench Contact

Layer Pitch (nm) Scaling Material
™1 11000 0.78x Cu
T™O 1080 1.0 Cu
MI11 160 0.63 Cu
MI10 160 0.63 Cu
M9 160 0.63 Cu
M8 112 0.70 Cu
M7 112 0.70 Cu
M6 84 0.53 Cu
M5 52 0.51 Cu
M4 44 0.55 Cu
M3 44 0.79 Cu
M2 44 0.85 Cu
Ml 36 0.51 Co
MO 40 0.71 Co
TCN 54 0.77 Co
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Figure 2 Schematic diagram of cobalt interconnect process (before chemical mechanical polishing). (color on line)
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Table 2 Composition of the virgin make-up solution (VMS)

used for cobalt electroplating.

Composition Content
CoS0,-7H,0O 0.03 ~ 0.08 mol-L"
H;BO, 0.25 ~0.65 mol-L*!
H,S0, pH3~4
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Figure 3 STEM cross-sectional images of the feature fill in bath containing (A) 30 g-L", (B) 15 g-L" and (C) 5 g-L"! boric acid®.
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Figure 4 (A) The first and second cyclic voltammograms of cobalt electrodeposition on GC substrate from VMS containing 2
mmol - L' butynediol; (B) Chronopotentiometric curve of Co deposition on GC-RDE disk at 900 r-min™ at -1.5 mA from VMS with

2 mmol-L"* butynediol®". (color on line)
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Figure 5 (A) Cyclic voltammetric curves of Co electrodeposition at different DMG concentrations with ohmic resistance correction;

(B) Current density recorded during Co deposition at -0.85 V in the presence of 100 ppm DMG on a RDE with different rotation

rates®™. (color on line)
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Figure 6 Schematic diagram of proposed differential current efficiency fill mechanism for superconformal cobalt fill®¥. (color on
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Table 3 Comparison of the cobalt superfilling mechanism

Superfilling mechanism

Feature

Conditions

S-shaped negative differential resistance
model

Differential current efficiency fill mecha-
nism

Hydrogen reduction-induced deactiva-
tion model

Rely on the concentration gradient of ad-
ditive derivatives served as inhibitors to
realize superfilling

Rely on the concentration gradient of
H'/pH to realize superfilling

Rely on the inhibitors deactivated at the
bottom of the feature

The additive used in the electrolyte can
form complex with cobalt ions

Exist in all kinds of electrolyte no matter
what the additive is

The additive used in the electrolyte is de-
activated by other factors
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Research Progresses of Cobalt Interconnect and Superfilling by
Electroplating in Chips

Li-Jun Wei', Zi-Han Zhou', Yun-Wen Wu", Ming Li', Su Wang’
(1. College of Materials Science and Engineering, Shanghai Jiao Tong University, Shanghai 200240, China;
2. Shanghat Sinyang Semiconductor Materials Co., Litd., Shanghai 201616, China)

Abstract: Copper interconnect using dual damascene technology has always been the main means for metallization in the back
end of line process. However, with the size effect becoming more and more obvious due to feature size reduction, copper intercon-
nect can no longer meet the demand for high circuit speed in Post-Moore era. Following copper interconnection, cobalt interconnec-
tion in chips attracts much attention as an interconnect technology by the next generation, which has been introduced in 7 nm node
of integrated circuit manufacturing and below. The electron mean free path of cobalt (~10 nm) is much shorter than copper’s (39
nm), thus exhibiting the potential to further shrink the critical dimension without increasing line resistance and RC delay especially
for contacts or local interconnects in the first few stack layers. Also, cobalt is considered as a suitable barrier/liner material, which
means implementing cobalt interconnects needs no such layers and gives more space for conductive metal. Besides, higher melting
point of cobalt makes it more favorable with good electromigration resistance compared with copper interconnects. Cobalt intercon-
nection mainly adopts the wet electrodeposition method and the quality of the electrodeposite matters a lot to the reliability of the
metal interconnects. For the reason of confidentiality and the limitation of research conditions, there are few research reports about
cobalt interconnection. Based on existing patents and literature reports, this paper systematically introduces the advantages and cur-
rent developments of cobalt interconnection. To better understand the behavior of the metal ions during electroplating process, this
paper reviews the basic technology, bath composition and additives used in the electrolyte for cobalt electroplating from the point of
view of solution chemistry and electrochemistry. For superconformal electroplating, there are several superfilling mechanisms for
bottom-up electrodeposition with different emphasis, this paper gives a brief summary about three mechanisms and makes a com-
parison. Furthermore, this paper introduces the annealing control of cobalt deposition and the influence of impurities, since the evo-
lution of grains and migration of impurities determine the sheet resistance. Finally, further study of cobalt interconnection technolo-
gy is prospected. Cobalt interconnect is expected to be a proper alternative to extend Moore’s Law and promises to play a part in

next advanced technology node. More researches about cobalt interconnection are worthwhile to be carried out in the future.

Key words: cobalt; electrodeposition; superfilling; interconnect; bottom-up
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