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            SEMICONDUCTOR DEVICE PROCESSING COURSE SCHEDULE / SUMMER 2013 


   CH678/PHYS610- Boettcher 


  
Wk Day Date Reading / Reference Lecture Topics, Due dates, etc. 


     


1 M  DOE and Statistics Handouts Intro to processing, statistics and probability, Schewhart 
tests, statistical process control, and DOE 


1 Tu  Wolf  Ch. 1, 2, Sze Ch. 11  Crystal Growth 
1 W  Wolf Ch. 8 and Sze 12.1 SiO2 Thermal Oxidation  
1 Th  Wolf. Ch. 9. Sze Ch. 14   Defects and Impurities, Diffusion 
1 F  Wolf Ch. 13 / Sze Ch. 13.1-13.2 Lithography I – Optics  
     
     
2 M  Wolf Ch. 12    Lithography II - Photoresist Materials 
2 Tu  Wolf Ch. 3, 4, and 6   Vacuum Technology and Physics, Review Midterm 
2 W   Midterm Exam: closed book, no notes 
2 Th  VCVD DUE Sze 12.5, Wolf Ch. 11 Discuss Midterm, VCVD Presentations, Thin Films  
2 F  Wolf. Ch. 7, Sze Ch. 12.2/12.3   CVD, MOCVD, MBE 
     


     


3 M  Wolf Ch. 6 Grove’s Model for CVD, start PVD 
3 Tu  Wolf Ch. 7  and Wolf Ch. 10 PVD - Sputtering and Evaporation, Ion Implantation 
3 W  Sze 13.3 -13.4 Wolf Ch. 14 (dry etching) Wet and Dry Etch 
3 Th  Wolf Ch. 15  Integration / Catch-up / Review 
3 F   Final Exam 
     
   Homework due dates will be determined upon 


assignment of the problem set.  
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SUMMER 2013 - INTERNSHIP PROGRAM 
Semiconductor Processing and Characterization Techniques - Lecture 


 


 
TIMES and LOCATION:  
 
Lecture  
 
July 15 – Aug. 2rd 9:00-11:30;  M, Tu, W, Th and F   331 Klamath Hall 
 
 
INSTRUCTOR:  Prof. Shannon Boettcher, email: swb@uoregon.edu,  


office: Lewis Integrated Science Rm. 435, Phone: 541-346-2543 
 


 Prof. Boettcher is best contacted outside of class via email or 
by appointment. 


  
TEXTBOOK: (1) Silicon Processing for the VLSI Era, Volume 1:  Process 


Technology, Stanley Wolf, and Richard N. Tauber, Lattice Press,  
 (2) Semiconductor Devices, Physics and Technology 3rd Ed., S.M. 


Sze. 
 


GOAL: Introduce fundamentals of integrated circuit fabrication, including 
epitaxy, thin film deposition, oxidation, impurity diffusion and 
implantation, lithography, etching, chemical mechanical polishing, and 
analytical techniques employed in semiconductor-process 
development and monitoring.  


 
This course will closely follow Semiconductor Processing and Characterization Techniques 
Laboratory (taught by Dr. Fuding Lin). Process meetings will be held to discuss progress 
and problems in the laboratory section and their relation to the lecture component at 8:00 
am each day in the same room. Grading will be separate for the two courses. 
 
 
PROBLEM ASSIGNMENTS: 
 
2-3 problems will be assigned most days during the week. Neatness and clarity on your 
assignments is important, otherwise they are difficult to grade. Indicate your final answers (with 
units!!) with a box around them.  
 
LECTURE COURSE GRADING: 
 
CVD Virtual Lab - 10 % 
DOE and SPC Report - 10% 
Problem Sets - 10 % 
Midterm Exam - 25%  
Final Exam - 45% 



mailto:swb@uoregon.edu






Semiconductor Processing and 
Characterization Techniques 


Lecture 1: An introduction….


Prof. Shannon Boettcher
University of Oregon Chemistry


and
The Materials Science Institute







Semiconductors and 
nano/microfabrication are at the 
heart of essentially all modern 


technologies
Basic questions we address in this course:
(1) How are semiconductors made?
(2) How do we control their physical properties?
(3) How do we shape them and wire them to 


create circuit elements and eventually complex 
devices such as microprocessors?







CMOS transistors


Wolf Chapter 16: CMOS process
Integration.


Multiple layers, 
materials, interfaces,
How do you 
assemble?


One processing step 
at a time….







A gallery of engineered 
complex micro and nanoscale 


architectures







Transistor Design – Intel’s 45 nm 
Platform


Intel's 45-nm technology: HfO2 high-k dielectric material, TiN for the NFET 
replacement gate, and TiN barrier alloyed with a work function metal for the 
PFET replacement gate. SiGe strain layer.







Transistor Design – Intel’s 22 nm 3D 
Platform


http://download.intel.com/newsroom/kits 
/22nm/pdfs/22nm- 
Details_Presentation.pdf


Planar


3D Tri-gate



http://download.intel.com/newsroom/kits/22nm/pdfs/22nm-Details_Presentation.pdf

http://download.intel.com/newsroom/kits/22nm/pdfs/22nm-Details_Presentation.pdf

http://download.intel.com/newsroom/kits/22nm/pdfs/22nm-Details_Presentation.pdf





MEMS-based microgripper with integrated two-axis force sensor. (Image: Dr. Sun)


Journal of Micromechanics and Microengineering ("Nanonewton force- 
controlled manipulation of biological cells using a monolithic MEMS 
microgripper with two-axis force feedback"


MEMs – Microelectromechanical 
devices


Integrated force sensor



http://dx.doi.org/doi:10.1088/0960-1317/18/5/055013

http://dx.doi.org/doi:10.1088/0960-1317/18/5/055013

http://dx.doi.org/doi:10.1088/0960-1317/18/5/055013





50 m


p


n+3D silicon PN junction solar cell 
grown via chemical vapor 


deposition







High Q – optical microresonator


D. K. Armani, T. Kippenberg, S. M. Spillane and K. J. Vahala 
"Ultra-high-Q toroid microcavity on a chip" 
Nature, vol. 421, pp. 925-929, 27 February 2003. 


Q > 108


Enables applications in optical sensing, an quantum information.
Enables new physics of light matter interactions to be explored.







3D “photonic” crystal


• Optical band gap, like 
electronic band gap in 
semiconductors


• Potential uses: low- 
energy lasers, 
photonic computers, 
communications


http://www.sandia.gov/media/photonic.htm



http://www.sandia.gov/media/photonic.htm





Take-home messages


• Semiconductor processing enables new 
devices – faster and with new functions


• Advances in semiconductor processing 
are happening – the field is not static


• Approach: learn fundamental science 
behind basic processing 
skills/strategies and problem solving 
approaches to apply in diverse 
scenarios.
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CVD Virtual Lab


Shannon Boettcher –


 


Semiconductor Device Processing
Adapted from Prof. Milo Koretsky, OSU


Key Points: First day on the job! You are given a task to develop a recipe for film 
deposition, you know nothing (but have access to reference books, colleagues, 
the vast scientific literature), and have the determine what is important (and 
ideally why) without breaking the bank!







Silicon Nitride LPCVD
Overall Reaction:


SiCl2


 


H2 (g)
Dichlorosilane


(DCS)


++ Si3


 


N4 (s)
Silicon
nitride


NH3 (g)
Ammonia


6 H2 (g)
Hydrogen


6 NH4


 


Cl (g)
Ammonium chloride


+You should think about
the balanced equation!


Wafer 1


Wafer 200


DCS (gas)


NH3 (gas)


Silicon
nitride


NH4 Cl (gas)
H2 (gas)


NH3 (gas)
DCS (gas)


Chemical Deposition is a process CENTRAL to fabrication of electronic devices.







Basic Processes in CVD


NH3
SiH2 Cl2


Diffusion Film growth
Si3 N4


NH3
SiH2 Cl2







Basic Processes in CVD


Gas phase 
reactions


Transport to
surface Film growth


Desorption of 
bi-product gas


Adsorption


Surface
diffusion


Reactant gas flow 


Important Processes:


•


 


Kinetics 
Gas phase (homogeneous) 
Surface (heterogeneous) reactions 


•Mass transport phenomena







Mass Transport & Reaction in CVD


Gas Flow


Flux of 
reactant 
species R


Film growth


Surface
Reaction


CG


CS


J


Mass 
Transport


Diffusion







Reaction Kinetics


First order reaction (thermal):


    kCB where


 
k  k0 exp 


Ea, f
RT
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Mass Transport vs. 
Surface Reaction


s gk C
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Arrhenius Plot


transition


Low THigh T


Mass transport 
control


slope≈EA


Reaction control
Eversteyn


g gh C







Polarized Light


Linearly Polarized Circularly Polarized


Ey


Ex


Light – electromagnetic radiation; transverse electric and magnetic fields


Thickness Measurement Ellipsometer







Thickness Measurement 
Ellipsometer


•
 


The ellipsometer
 


is used to measure 
the thickness and refractive index of 
transparent films.


•
 


It is made of a light source and 
polarizer on one side and a analyzer 
and detector on the other side.


•


 


Light from the source is polarized 
and reflected off the film.


•


 


The analyzer is rotated till no light 
passes through it.


•


 


The angle of rotation depends on 
the thickness and optical 
constants of the film. 


Analyzer &
Detector


Light Source, 
Control & 
Polarizing 
Sheet


Light Source


Light Control


Polarizing
Sheet


Analyzing
Polarizer


Detector


Substrate
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