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First Exam:



INFOMATION



• Oct 20 or 22? • Calculations/problems along lines of homework • Short questions / multiple choise from material in Lecture • Examples – What limits minimum channel length of planar MOSFET (approximate size limit based on QM, DIBL etc) – Identify which types of carbon nanotubes are semiconductor or metallic (you would need to know……. n-m=3q) – How does TEM work – When carbon nanotubes 1st discovered?



S. E. Thompson EEL 6935
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Lecture : 11 Measurements Methods: for Nanotechnolgy



S. E. Thompson Fall 2004



Summery / Next Lecture • What are Carbon Nanotubes and Transistors • Metrology Used to Measure Nanotubes – Mass spectrometer – Transmission Electron Microscopy – Scanning Microscopy • Scanning electron microscope • Scanning tunneling microscope • Atomic force microscope



• • • • • •



How nanotubes are grown Carbon Nanotube Electronic Properties Carbon Nanotube State of the Art Transistors Carbon Nanotube Integration Carbon Nanotube Potential Future Applications Nobel Prize winner Prof. Richard Smalley Lecture on Nanotubes S. E. Thompson EEL 6935
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References



Chapter: technology and analysis



S. E. Thompson EEL 6935
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How Are These Images Taken ?



45nm Si1-xGex Compression



Ref. Intel Ref: Jing Guo S. E. Thompson EEL 6935
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How Are These Images Taken ?



Ref. P. Wong, IBM S. E. Thompson EEL 6935
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How Are These Images Taken ?



S. E. Thompson EEL 6935



Ken David, Intel
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Metrology in Information Technology • Same techniques generally used in microelectronics, MEM, hard disks, etc. • Use to determine the success of the processing • Need to measure lateral distances, layer thicknesses, structure features, surface and interface quality, crystal properties, etc.



S. E. Thompson EEL 6935
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Classification : Probe / Response



Ref: Nanoelectronics and Information Technology S. E. Thompson EEL 6935
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Metrics / Considerations



Ref: Nanoelectronics and Information Technology S. E. Thompson EEL 6935
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SIMS



Ref: Nanoelectronics and Information Technology S. E. Thompson EEL 6935



Magnetic field mass analyzer • m/q = B2r2 / (2V) • Magnetic filed B oriented normal to page • F = qvB bends the ion beam • Ion collector



S. E. Thompson EEL 6935
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SIM Output



Al ++



Al +



Al2+ Al3+ Al4+



Al +++



Ref: Nanoelectronics and Information Technology S. E. Thompson EEL 6935
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TEM



Ref: Nanoelectronics and Information Technology S. E. Thompson EEL 6935
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SEM



Ref: Nanoelectronics and Information Technology S. E. Thompson EEL 6935



TEM Cross Section



Ref: Nanoelectronics and Information Technology S. E. Thompson EEL 6935
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TEM Planar sample



Ref: Nanoelectronics and Information Technology



S. E. Thompson EEL 6935
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SEM How is sample prepared ?



Ref: Nanoelectronics and Information Technology S. E. Thompson EEL 6935



Some issues with SEM



Ref: Nanoelectronics and Information Technology S. E. Thompson EEL 6935
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TEM vs SEM • Like with optical microscope, TEM resolution related by electron wavelength λ = h / (2 meV)1/2 eV electron kinetic energy V > 100keV



100kV



λ=0.037A (best can due)



SEM ~1 to 20keV Why SEM electron beam energy lower?



S. E. Thompson EEL 6935
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Scanning Electron Beam



Ref: Introduction to Nanotechnology S. E. Thompson EEL 6935
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Scanning Probe Techniques (AFM, STM)



Ref: Nanoelectronics and Information Technology S. E. Thompson EEL 6935
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Scanned on Nanometer Scale Across Sample



Ref: Introduction to Nanotechnology S. E. Thompson EEL 6935



Piezoelectric Effect Used to Control Position on Nano Scale



http://design.stanford.edu/Courses/me220/lectures/lect06/lect_6.html



S. E. Thompson EEL 6935
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Key is Fine Probe TIP



Ref: Nanoelectronics and Information Technology S. E. Thompson EEL 6935
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STM Image: Atomic Level Features



Ref: Nanoelectronics and Information Technology S. E. Thompson EEL 6935
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Scan Constant Height or Current mode



Ref: Introduction to Nanotechnology S. E. Thompson EEL 6935
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Probe Tip on Cantilever



Ref: Introduction to Nanotechnology S. E. Thompson EEL 6935
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SFM Applications: Can Measure Topography in Cell



S. E. Thompson EEL 6935
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Manipulation of Atoms



Ref: Nanoelectronics and Information Technology S. E. Thompson EEL 6935
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Process of Building a Quantum Corral



Ref: Nanoelectronics and Information Technology S. E. Thompson EEL 6935



31



What Are the Rings in the Center?



Ref: Nanoelectronics and Information Technology S. E. Thompson EEL 6935
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Summary • What are Carbon Nanotubes and Transistors • Metrology Used to Measure Nanotubes – Mass spectrometer – Transmission Electron Microscopy – Scanning Microscopy • Scanning electron microscope • Scanning tunneling microscope • Atomic force microscope



• • • • • •



How nanotubes are grown Carbon Nanotube Electronic Properties Carbon Nanotube State of the Art Transistors Carbon Nanotube Integration Carbon Nanotube Potential Future Applications Nobel Prize winner Prof. Richard Smalley Lecture on Nanotubes S. E. Thompson EEL 6935
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Comprehension : Grammar : ( 8 pts ) English exam First 

Vocabulary : ( 3 pts ). â€¢ Complete with the correct word from family-vocabulary : Example : The father of my father is my grandfather ... Peter : Chemistry . Tom : â€¦










 








Technical Infomation on Optics 

A term introduced by Ernst Abbe to characterize the dispersion of an ... Aberrations occur during image formation with optical systems when ... Optical lens system designed to image a point light source in such a .... The Fresnel equation gives the .










 








Discrete Mathematics First Exam (Alternative ... - Emmanuel Briand 

Apr 6, 2015 - You can use a calculator or the computer for numerical computations, or to check your results, but do not use advanced built-in functions of ...










 








First order differential equations â€“ exam questions - Douis.net 

First order differential equations â€“ exam questions. Question 1: Jan 2010 Q3. Question 2: Jun 2007 Q3. Question 3: Jan 2008. Question 4: Jun 2009 ...










 








first! 

FCC Caution: Any changes or modifications not expressly approved by the party responsible for compliance could void the user's authority to operate this equipment. This device is going to be operated in 5.15~5.25GHz frequency range, it is restricted 










 








Safety first Safety first - Airbus 

Jul 20, 2015 - be made to preserve the intended meaning of the original. ... that is correct at the time of going to press. ...... ty Indication Computer did not lead to a systematic wrong indication but rather to .... todayâ€� was a sentence Jacques










 








first 21.7 - First 210 Home 

Jun 24, 2004 - Optional Equipment (6 HP Outboard Engine) ..... For the boats fitted with a petrol engine, ventilate the engine compartment for 5 minutes with ...










 








Safety first Safety first - Airbus 

Jul 20, 2015 - P36. High-altitude manual flying .... ble speed VLS CONF 1 (or 0), and pos- sibly low enough .... During climb, in manual flight, the main risk is to experience an aural overspeed ... events in the future may well be bene- ficial as ..










 








Exam B 

Write the verbs in the correct tense and complete with the right preposition (3pts) ... to school _since_ the state of Tamil Nadu launched the project. â€¢ Business ...










 








Final Exam 

Answer to each of the following questions (10 points each). .... While studying finance as a MBA student, you are approached by your uncle who wants you.










 








FIRST GYMNOPEDIE 

Conseille: - mus soigneusemenr (Plan carefully). E 5/â€œ A. 8- '0- 9 '0'. Munissez - was de clairvoyance (Provide yourself with clear sightedness). ED. U U U.










 








Safety first Safety first - Belgian Cockpit Association 

Jul 18, 2014 - Soler, email [email protected]. The Flight ...... tiative) that precisely addresses this challenge by .... criteria, based on a list of observable ... puter guided instruction, defined exercises and even free-play modules to con-.










 








First steps_FR_V1 

N'hÃ©sitez pas Ã  demander une modÃ©ration pour mettre le chrono en pause si besoin. ... +/- 10 %. Vous pouvez Ã©crire 10 % de plus ou de moins que le nombre.










 








Procedural First 

Since SPE and in all subsequent interface theories, morpho-syntax may use two means of .... The derivation therefore includes an interruption of the one-to-one.










 








procedural first 

Sep 16, 2007 - 2. external sandhi (phonology between words) ..... verb, yet semantically very close (induce idiomatic semantics). Why? ... Cambridge, Mass.










 








READ FIRST 

NOTE:Your Rev-A-Shelf waste container is already pre-drilled to accept the Blum tandem slide system. No drawer preparation is necessary. Follow Blum ...










 








first position 

Distribution. 1028 Queen .... THE AILEY STUDIOS AT THE JOAN WEILL CENTER FOR DANCE, ... BAYSIDE PERFORMING ARTS CENTER, SAN MATEO, CA.










 








correction exam - Sendoken 

On the one hand a system has diversity, being composed of several parts .... LO Pour bien comprendre une compagnie, il faut tenir compte de l'anatomie de ses ...










 








markscheme Exam Papers 

glycerol and fatty acids;. [4 max]. Award [2 max] for all three parts correct for one enzyme and [1 max] for correct enzyme and substrate or enzyme and product.










 








Probability â€“ exam questions 

Probability â€“ exam questions. Question 1: Jan 2006 â€“ Q2. Question 2: Jun 2006 â€“ Q6. Page 2. Question 3: Jan 2007 â€“ Q5. Question 4: Jun 2007 â€“ Q2. Page 3 ...










 








cpa exam papers pdf 

Save this PDF Ebook to Read cpa exam papers PDF eBook at our Collection. ... Medium Access Control Algorithms, Cornerstones Of Managerial Accounting 4th ...










 








CCNA Exam Certification Guide 

through adding breadth of products through acquisition of other companies. The stock ...... The following configuration command script was created: ...... Your â€œmentorâ€� at your new company has left you at his desk while he goes to a meeting.










 








Facture vierge exam pratique 

En cas de retard de paiement, il sera applque desperates ales à Los los le läux de l'inteet légalisi qu'une indenitė larlataine pour frais de recouTIent de 40 ...










 








Practice Final Exam questions 

1. 3to increase by one X â†’ X + 1, decrease by one, or stay the same. When X = 0, the transition probabilities are 1. 2 to go to one Xt = 0 â†’ Xt + 1 = 1 or stay the ...
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