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Background Results and Modeling

As the semiconductor industry continues into the nanoelectronics era following Dennard scaling law, with half-pitch values decreasing below 10 nm, one of the significant We have generated narrowband electron beams using structured targets and optical injection. The energy of the
challenges lies in the metrology of nanoelectronic devices and 3D interconnect architectures at these sub-nanometer domains [1]. In order to optimize 3-D in-line metrology of electron beam can be tuned while keeping other parameters such as charge, divergence and energy spread constant.
critical dimension (CD) geometries for various nanoelectronic applications, non-des_truc_:tlve_ ra_pld feedback monitoring _systerr_l W|_th_ angstrom resolt_Jtlon [2] IS required. Ope grand Using this approach we have generated x-ray beams that can be tuned in energy keeping other parameters nearly
challenge for CD-SAXS x-ray sources Is meeting both the x-ray energy and flux criteria (similar to a Synchrotron) while maintaining laboratory size. Other problems with x-ray T
sources include: lack of x-ray energy exceeding 20 keV, low photon number, large beam size, and long scan time. Currently, no x-ray source has been able to solve this problem. '
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— « Aviable solution to the CD-SAXS source problem is using all laser-based Inverse Compton scattering (ICS) x-ray source [5, 6]. y s ” . Electron-beam energy as a
~ | | .  Compton scattering utilizes the double Doppler shift from relativistic electrons to create x-rays from visible light. The maximum function of 2 mm jet gas (He)
/ ....... Lo l . photon energy is E, = 4y%hw,, Where y is proportional to the kinetic energy of the electrons (E, = ymc?) and w,, is the o0 plesstife
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> except at the lowest x-ray energy synchrotron levels using latest lasers be spectrally purified using optics.
Tunable operation of x-ray source demonstrated in prior work [6 e >10%° photons s (1% BW) with current parameters and will meet the requirements for metrology and SAXS.
z - * Improvement to electron accelerator and optimization will improve performance by 10X or more
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e Tunable operation of x-ray source is made possible by tunable electron accelerator. Laser driven device can be tuned from 10-100 MeV using a single device and to > 500 _ _ _ _ _
MeV using multiple targets. For semiconductor applications single stage x-ray source can be tuned from 10-100 keV. * All-optical Inverse Compton scattering source Is a contender for new generation small-angle x-ray scattering sources
« Photon number depends on specific configuration and can has been shown to span the range 107-10%° s using current laser system [5,6]. Significant improvements * ICS university based sources could be the first of its kind for SAXS, USAXS, WAXS nanometrology research

possible by using latest diode pumped high-average power lasers (e.g., Yb:YAG disk laser).
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