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We have been developing sputtering tool for MRAM mass production, with simple module configuration and smaller

footprint. It provides stable magnetic Co films and low damage MgO film with RA uniformity of 3.5%. Novel wide temperature

process from [ 1700 to 6000 to fabricate excellent MT] layers, will also be introduced.
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Figure 10 Example of a perpendicular MT]J stack consisting
of a bottom synthetic Co/Pt reference layer. The free magnetic
moment switches between two states (Parallel and Anti-
Parallel).
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Figure 20 (a) Magnetoresistivity Property of Perpendicular
magnetized MTJ consisting of bottom pin structure. (b)
Example of VSM property and Schematic diagram of magnetic
moment (FL : Free Layer, RL : Reference Layer, HL : Hard
Layer).
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Table 200 Isuue list to improve Co target life.

Issue Conventional Current
Erosion Area Localized Whole
Target Thickness 3.0 mm Thicker
Pass Through .
Flux Low High
Targe_t — Magnet Long Short
distance
Unbalanced Size Care with
Cathode Magnet (Target - Magnet) Magnet Shield

Table 10 Process Time and Magnetic Properties of several conditions A, B, C, D.

e Pressure (Pa ) Process Time | Cathode Shutter |Msx Thickness | Anisotropy
Co Pt ( Normalized ) Motion (T * nm) Field (T)
A | oot | 14 T. ic[ﬂt]ogxn 3.16 2.42
B | 0011 | 14 04xT, [C?Lit[mvzg’e” 323 223
c | 0011 | 022 03xT, [C‘ikit[mvzg’e” 2.91 2.40
D | 0037 | 022 03xT, [C?Lit[mvzg’e” 275 227
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Figure 30 Performance Stability of Co material with
Magnetron Sputtering Cathode.
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Table 30 Key Technology for High MR Ratio at Low RA.

Item (1) Plasma (2)Temperature (3) Contamination
& . - . - High
.9 Heating /Cooling |In-situ Annealing, Vacuum Purity of
2 E Plasma Control during Post Annealing Qualit Prociss

] Deposition after MTJ stack y
~ Gas
High Mobility
§ Eﬂﬁaﬁi?éﬂi} (Crystal Crystallization, Low Impurity, Low
(=% - . gy arrangement) CoFe/MgO Vacancy, Dislocation
5 |Particlesin o _
a / Low Surface Epitaxial Growth | Rejection
Sputter Plasma
Roughness
5 |Power, Pressure,|Temperature Temperature, H.0.0
@ |Cathode with deposition, |Heat-Stable 2z )
E Gas Gas Purity
© |Arrangement, Under layer stack structure .
© . Reduction
o |Cathode Magnet |selection for MTJ




Table 40 Comarison of Process time and Configuration of
Annealing system.

System Conventional Current
Temperature 500C 600C
Heat Source Pedestal heater Pedestal heater

+ Lamp

Thermal ESC chuck Radiation
Conduction
Process Time 210 sec 80 sec
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[Cu 40nm Surface roughness improvement]

RMS : 0.90nm
[W 40nm Surface roughness improvement]

RMS : 0.55nm
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RMS : 0.85nm
Figure 50 Cooling effect for General Metal materials.

RMS : 0.75nm
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Figure 60 Cooling effect for MT] stacks.
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Figure 70 Reliable Emerging PVD Tool ENTRON EX W300
for STT-MRAM.
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