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These transistor structures introduced first at Intel’s 90nm
CMOS node. These structures have now become
industry standard for strain implementation
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65 nm Transistor 45 nm HK + MG
TEM

TEM

Silicon

Hafnium-based high-k + metal gate transistors are the
biggest advancement in transistor technology
since the late 1960s

) 0 9%$:9 C



Process Name:

Products:

1st Production:
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32 nm

P1268

CPU

2009

Intel 32nm: 2nd generation high-k + metal gate
transistors
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90nm: 15t generation
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generation strain
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generation strain,
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Measurement Sensitivi Measurement Sample
Area of Interest ly : s
Method Stress Strain Thickness
= Jrmt e ||t ;58 8 e
Transistor Level | -ceso sew) o2 iz | isto?) Non-Destructive
- CBED (TEM) 20 MPa 0.02% 10-20nm =100nm Destructive
- NBD (TEM) 100 MPa 0.1% ~10nm <300nm Destructive
- TERS (Raman) 50 MPa 0.05% <50nm Non-Destructive:
- XRD 10 MPa 0.01% 100pm
- - Photo reflectance <20MPa | <0.02% 1um
Spectroscopy
DiE_d___"_____ - Die-level Flatness :
@_D o 0 5’3 - Laser Interferometry Non-Destructive
—_— - Coherent Gradient Sensing
Wafer - Laser Interferometry s P
- Coherent
e ——

Gradient Sensing

* Stress-Strain relation: needs to be clarified TERS (Tip-Enhanced Raman Scattering)
CBED {Convergent Beam Elactron Diffraction)
MNED {Nano Beam Blectron Diffraction)

XRD (X-ray Diffraction}

Figure 3. Stress/Strain Measurement Methods

Courtesy of Masahiko lkeno and the
20089 ITRS Metrology Roadmap team
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Figure 1. Critical crack size as a function of (a) radius
of curvature of the wafer and (b) tlun-film tensile
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Figure 5. Crack tip nlederence patiemns representing suface sibpe, iw/jax, for wo specimens with varydng
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High resolution film, SXRT22,
distance 9 cm, 9,75°, 31 min (image processed)

High resolution camera, distance 19 cm, 9.75°, 20 min
(dark corrected, image processed)

Pendellosung fringes in defect free areas of the wafer
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Mag= 750 KX
Wh= 3mm

1/
30 3#

EHT = 20.00 kV
Signal A = InLens
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Fig 2. Example of 610 LABRT of a typical 5 = 5 array of nano-indents.
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