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This summer I worked in NSF Engineering Research Center for Extreme Ultraviolet (EUV) Science and Technologies an unpaid student intern. This facility is one of the fifteen Engineering Research Centers throughout the US, which combine scientific investigtion with attempts to utilize the results of the investigation on the current level of industrial production, or altering the industry itself. The ERC for Extreme Ultraviolet Science and Technology focuses mainly on exploring the properties of light in the ultra-short wavelengths region of the spectrum, which has multiple applications in holographic lithography, metrology and imaging. The engineering part of the Research Center’s work consists of the development of complex nanotechnology projects in the named areas of EUV usage involve creation of price and operation efficient, coherent EUV light sources. 
As my primary career interests lie in the field of Electrical Engineering and hardware architecture, I was particularly attracted by the wide range of possibilities that open in the development of semiconductor industry by the innovative, analytical solution developed by ERC research team in optical lithography. The wavelengths used in modern semiconductor chip production by such major corporations as Intel, Motorola, and Advanced Micro Devices exceed the wavelength obtained in ERC laboratories by a factor of 10 and beyond. The implementation of EUV wavelengths from high harmonics generators and saturated lasers represent a potential breakthrough in the microelectronic circuitry. 
However, such short wavelengths (range of 13-40 nm) are highly demanding towards the complex reflective mask and reflective imaging optics. My goal was to participate to the best of my knowledge and ability in the development of price-efficient, reasonably sized EUV lasing devices, which involves investigation of the processes of phase-matching and frequency conversion at extreme wavelength as well as production of multi-layer coated mirrors of sufficiently high reflectivity for the efficient usage of “soft” x-ray and extreme ultraviolet light. 

The undertaking of widely accessible manufacturing of useful for solving challenging scientific and technological problems EUV light sources is successfully tackled in ERC. The two main branches of explored devices are High Harmonics Generator (HHG) and quasi-phase matching EUV lasers which obtain harmonics from ions. Recently demonstrated lasing wavelength of a fully coherent temporally and spatially EUV light sources were as short as 4 nm for EUV laser devices and 13 nm for HHG. The latest achievements in the field are high spatial coherence of the HHG output waveform in the range of 13-30 nm, and the increase in efficiency of the conversion of laser light into high harmonic radiation from ions of Ar gas and capillary discharge plasma. The most recent improvements in EUV discharge pump lasers include the scaling down size-wise from table-top to desktop, demonstrating an extraordinarily high pulsing repetition rate. 
Most of the EUV lasers are used effectively in the holographic lithography and spectroscopy testbeds. Practical implementation of the yielded wavelengths together with coated mirrors and unique nanofabrication facilities resulted in constructing a recently released high-resolution EUV microscope that allows detection the tiniest defects in the reflective masks used in the EUV lithography. I was eager to be a part of the team that constructs devices as novel and complex, gaining first-hand experience from the leading experts in the field.  

With all this in mind, I arrived in Fort Collins, Colorado on May 30th, 2009, and started to work the next day. I was assigned to the team researching The Big Discharge, which is a preliminary stage of development of a laser. The principle of operation of the discharge is plasma recombination for the generation of gain. The gas, which in our case was Argon, is ionized in such a discharge with very high potential electrical current, which has a 10 to 90% rise time of 7-10 nanoseconds and value of 20-30 kAmp. When the current pulse is passed through the gas in the small diameter capillary, whose diameter varies from 500 microns to a millimeter, the gas is ionized, which basically means that electrons are stripped off of the Argon atoms by the enormous energy of the current. After that, plasma recombines, which involves electron transitions from higher to lower energy states, and that results in photons of various wavelengths emitted. The more electrons are stripped off of the Argon atom, the higher energy transitions they are involved into during the recombination phase. The emitted beam is recorded with a spectroscope and analyzed with the specific software, Spectroscopy. Currently, the team I was working with in the ERC EUV obtained the spectral lines for ArXV, which means that fifteen out eighteen Argon electrons were stripped off of the atoms. This summer we were working on obtaining ArXVI, which is the last stage before beginning of laser development. 

My job consisted of analyzing the spectra obtained during each data collection, maintenance of the discharge setup and an independent project I was given approximately in the middle of my internship. Analyzing the spectra and working with the setup helped me to gain useful skills in spectroscopy, circuitry and machining. Also, my independent project gave me a good understanding of plasmas and their properties. During the project, I manufactured a small discharge which modeled a part of the Big Discharge, the electrodes which generate the current pulse. My task was to determine the relationship between pressure in the electrode chamber, current potential value and the distance between the electrodes relatively to the breakdown potential. This relationship is known as Paschen’s law, and is researched very little, although it constitutes one of the important properties of the discharges. It states that as the distance between two electrodes becomes infinitesimal, the breakdown potential of the electrodes goes to the infinity. Hence, it is important to maintain a reasonable distance/potential ratio, which was complicated by the pressure variable in our case. This project not only helped me to gain important knowledge about plasmas, but also gave me very useful mathematical skills applicable to deriving the quantitative relations. 
My internship in Engineering Research Center for the Extreme Ultraviolet Science and Technologies was professionally enriching and highly informative. I was introduced to the real laboratory work, and immersed fully into the research process trying to contribute to the common effort. This internship also helped me to further develop my communication and social skills, which is very important for working in a team. I am very thankful to everyone who gave me the opportunity to work in the ERC EUV this summer.
