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Abstract: Chemical mechanical polishing (CMP) has become one of the key processes in wafer level stacking
technology for 3D stacked IC. In this study, two-step CMP process was proposed to polish Cu/SiO, hybrid bonding surface,
that is, Cu CMP was followed by SiO, CMP to minimize Cu dishing. As a result, Cu dishing was reduced down to
100~200A after Si0, CMP and surface roughness was also improved. The bonding interface showed no noticeable dishing
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or interface line, implying high bonding strength.
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Fig. 1. Schematic dlagrarn of Cu CMP process; (a) Cu overburden
(b) Cu dishing and oxide erosion.
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Fig. 2. (a) Wafer level bonding with Cu bump dishing (b) SEM
image of bonding interface.
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Fig. 3. (a) Cu bump trench formation in SiO, layer (b) Cu bump
filling by sputtering method (c) Cu CMP (d) SiO, CMP (e)
oxide recession and wet treatment (f) Cu-Cu thermo-
compression bonding.
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Table 1. CMP process parameters.
Parameters Cu CMP SiO, CMP
Sl Type Cu Slurry (private supply) oxide slurry (fumed silica)
hi
i Flow Rate 200 ml/min 200 ml/min
Platen 73 rpm 63 rpm
Rotation Speed P P
Head 67 rpm 57 rpm
Wafer 2.5 psi 3.0 psi
Pressure
Retainer Ring 3 psi 3.5 psi
Removal rate 600 nm/min 180 nm/min
Pad IC1000/SUBA400 IC1000/SUBA400
dishing2 600A U] <] = Ho} gz u] g o
Table 2. Cu-Cu thermo-compression bonding conditions & el = FelSAl A - 4l
€3+ Cu-Cu 29 2] 7% dishing®] 100A o= Ao} F]

Pre-treatment H,SO,4:DI water = 1:100

. Forming gas N, 95%, H, 5%

Bonding
Pressure/Vacuum(Pa) 8.9E+5/1.0E-4
Temperature/Time 400°C/1 hour

. Temperature/Time 450°C/2 hours

Annealing .
Annealing gas N,
3.8 4 E9|
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Fig. 4. 3D profiles and schematic diagrams of Cu dishing evolution after (a) Cu CMP (b) Ti buffer layer removal (c) SiO, CMP (d) oxide

recession.

J. Microelectron. Packag. Soc. Vol. 20, No. 2 (2013)



50 o]dlA) -

1000

600 |-

400 |- §

Dishing(A)

200 - .

0 T T T

After CuCMP  After Ti Etch  After Oxide CMP

Fig. 5. Cu dishing behavior according to two step CMP process.
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Fig. 6. Surface roughness of Cu bump measured by AFM after (a) Cu
CMP (b) Ti etching (c) SiO, CMP and (d) oxide recession.
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Fig. 7. FIB image of Cu-Cu bonding interface.
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