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Electron microscopy and microanalysis are continuously evolving, which has led to enhanced resolution for
transmission and scanning electron microscopes (TEM and SEM) and improved energy resolution and sensitivity
for spectrometers and detectors, both of which are capable of faster acquisitions speeds. Sample preparation tools
for delayering and site-specific extraction have kept pace with the advancements in these analytical tools. The most
common sample preparation technique is by ion milling, which includes broad ion beam (BIB) Ar milling and
focused ion beam (FIB) milling using Ga or Xe plasma. All of these tools are used for the preparation of bulk
specimens and TEM specimens, but they are also components of analytical investigations, such as failure analysis
in the semiconductor industry. Combining both bulk and site-specific preparations can increase throughput and
enhance overall quality of specimens for analysis. In this work, we provide an electron microscopy-focused, high-
throughput workflow for sample preparation by Ar ion milling - BIB milling for bulk samples and concentrated ion
beam (CIB) milling as post-FIB treatment for TEM specimens. The methodology results in samples free from
artifacts caused by mechanical preparation damage and ion retention [1] in bulk samples, and amorphization, Ga
implantation, and curtaining from Ga FIB milling in TEM specimens [2-5]. Consequently, these specimens are high
quality and suitable for atomic resolution electron microscopy imaging and analysis.

Advanced semiconductor devices, such as 20 nm NAND [solid state drive, IM Flash Technologies], 14 nm FinFETs
[Broadwell M core processor, Intel], and 7 nm FinFETs [A12 Bionic chip, TSMC] were prepared. The workflow
was BIB milling [Model 1061 SEM Miill, Fischione Instruments] to delayer and target a specific layer in a device
for SEM characterization (Figure 1) from which TEM specimens were prepared in a FIB system [Scios DualBeam,
Thermo Fisher Scientific]. The TEM specimen was subsequently cleaned by CIB milling at high specimen tilts
[Model 1080 PicoMill® TEM specimen preparation system, Fischione Instruments], which resulted in large,
electron-transparent areas. TEM characterization by conventional and aberration-corrected imaging and analysis by
energy X-ray dispersive spectroscopy (EDS) and electron energy loss spectroscopy (EELS) were performed.
Results (Figure 2) demonstrate the effectivity of the specimen preparation technique in removing preparation-
induced artifacts from delayering to FIB preparation for aberration corrected imaging (Fig. 2a-b) and in specimen
thinning for low kV EELS analysis (Fig. 2c).
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Figure 1. Scanning electron microscope (SEM) image at 20 kV of the delayered 7 nm finFET device (a). EDS
maps at 20 kV (b) and 5 kV (c) indicate Al layers are below the SiN and Cu connectors.

Figure 2. Atomic resolutlon hlgh angle annular dark fleld STEM (HAADF STEM) images of 7 nm finFET
(@) and 20 nm NAND (b) after Ar ion milling. HAADF and colorized EELS maps at 120 kV on multiple gates
of the NAND device (c).
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