EDWARD J. BAWOLEK, PE, PHD

2200 WEST SAGEBRUSH COURT

CHANDLER, AZ  85224

480.899.7157 (residence)

602.376.1755 (mobile)

bawolek@ieee.org
US CITIZEN

ELECTRICAL ENGINEER WITH TEST, OPTICS, AND METALLURGICAL EXPERIENCE

HIGHLIGHTS

Adept in semiconductor test and characterization and electro-optics with a strong background in instrumentation, Labview programming, circuits, electromagnetics, diffraction, scattering, and colorimetry.

*) Labview for instrument design and programming

*) IC and PCB design and prototyping
*) Circuit testing, debug and characterization

*) PC based system modeling, simulation and control

*) Product qualification for High Volume Manufacturing (HVM)

*) Program management and technology transfer

*) Pre-silicon validation, VHDL/Verilog digital design and FPGA prototyping
*) 26 issued patents in imaging related technology

Featured in an interview in the August 2006 Test and Measurement World Magazine:
http://tinyurl.com/y8fm58k 

DETAILS
12/1/2004 – Present Flexible Display Center at Arizona State Univ., Tempe, AZ
Principal Test Engineer
*) Acquired responsibility for all aspects of test architecture and program development for amorphous silicon TFT backplane characterization and test. Developed discrete and array transistor test methods, specified equipment configurations, and integrated with automation software.
*) Configured a production wafer sort facility for amorphous silicon TFT characterization comprising seven automated 150mm wafer probers, three Keithley SCS4200 semiconductor parameter analyzers, Keithley 708A switch matrix, HP4284a LCR meter and Labview™-based test executor. 

*) Designed 16-channel trans-impedance amplifier to provide cost-effective TFT array test capability. Implementation improved test throughput by 20x.
*) Implemented high-volume device characterization methodology with femto-ampere sensitivity and dynamic current range of nine orders of magnitude.
*) Demonstrated a fuse-severable link to enable singulation of defective rows/columns without electrical stress to array transistors. Implemented a repair/preparation production flow to provide assembly-ready backplanes into a display fabrication process.
*) Wrote Labview™ instrument drivers and virtual instruments for a variety of test instruments including HP4284A LCR meter, Boonton 72B capacitance meters, Keithley 708A switch matrix, Electroglas 2001x wafer probers, and misc. test instruments.
*) Architected and built a searchable hyperlinked database with characterization profiles for 100,000+ devices, with full traceability to device/lot/wafer and recall of graphical information.
*) Authored numerous routines for device parameter extraction and implemented customized routines to support process development team.
*) Performed mechanical design in Autocad™ and Turbocad™, including 3D modeling, for customized equipment development and for equipment repair/refurbishment.

*) Developed probe card specifications and substrates for specialized test applications.

*) Designed printed circuit boards (PCBs) for custom test interface components; coordinated fabrication with local vendors.
*) Refurbished four Electroglas 2001x probers including retrofit with custom vision and control systems, for application to production test. Reverse-engineered components to provide cost-effective repair.

*) Supervised two test engineers.

1/2004 – 11/2004  Trancendant Inc., Chandler, AZ

Incorporator and President

*) Designed and fabricated PCB prototypes for internal and client applications
*) Designed, simulated and fabricated boost converter power supply circuits for LED applications
*) Reverse-engineered consumer products for client firm

*) Architected VPN networking solution for client firm

*) Programmed FPGAS prototypes in Verilog/VHDL on Xilinx II development system
*) Supported San Jose IP firm as Associate drafting Utility Patent Applications

*) Authored SBIR proposals

4/1999 – 1/2004 Intel Corporation Chandler, AZ

Senior Staff Component Design Engineer

*) Managed special circuits design team of four senior analog design engineers 
*) Directed development of level shifters, back-bias circuits, PLLs, and other IP blocks for design re-use

*) Productized proprietary methods for low power operation/leakage control

*) Performed testing, characterization, and debug on PLLs, oscillators, and back-bias control circuits in analog baseband processors

*) Composed complex (100+ page) specification for incorporation of back-bias leakage control in cellular baseband products

*) Applied Modelsim for pre-silicon validation of audio codec module

*) Defined test structures and performed measurements characterizing substrate noise propagation in mixed-signal designs
*) Designed, simulated and performed layout of noise generation and measurement circuits using Cadence design platforms. 
*) Authored design methodologies to mitigate substrate coupled noise in complex mixed-signal designs. 
*) Built circuit models for electrical packages enabling top-level simulation of coupled noise and pre-silicon validation.

*) Led cross-functional team developing Design for Signal Integrity (DFSI) methodology mitigating product failures.

*) Performed SI analysis for validation system boards; developed routing guidelines using Hyperlynx simulation software.
*) Chaired Analog, Mixed Signal, and RF topic at 2003 Design and Test Technology Conference 

2/1996 - 3/1999 Intel Corporation Chandler, AZ

Senior Staff Engineer

Computing Enhancement Group (CEG)

Technical Capabilities and Competencies (TCC) & Digital Imaging and Video Division (DIVD)

*) Developed advanced numerical algorithms and MathCAD(TM) models for optical properties of thin film color filter arrays (CFA) used in digital imaging devices (CMOS sensors).
*) Calculated chromaticities and modeled effects of process variation on image color fidelity. 
*) Led team responsible for color filter array material selection. 
*) Authored Material Target Specifications (MTS) and Technology Target Specifications (TTS) for imaging components 
*) Administered cross-functional project team as program manager responsible for process technology development and certification (silicon, microlens, and color filter arrays)

*) Supervised 3 senior engineers as direct reports.

*) Managed Core Capabilities activity responsible for collaboration with Kodak on CMOS imager micro-lens design and performance 
*) Directed development of digital camera system performance model. Built program definition, created schedule, and awarded external support contracts.

*) Created a tracking system for delivery of CMOS sensor design support collateral.
*) Invented new technologies in imaging science resulting in 22 issued US patents.

8/1992 - 1/1996 Intel Corporation Chandler, AZ

Staff Process/Yield Engineer

Fab 6

*) Supervised seven engineers and 14 technicians supporting defect reduction and line yield improvement in high volume VLSI manufacture (HVM).
*) Co-developed and taught a fab-wide class on die yield improvement
*) Developed contamination control parameters for process equipment using non-normal (Poisson & log normal) statistics. 
*)Managed and maintained an automated defect reporting system
8/1989 - 8/1992 Arizona State University Tempe, AZ

Teaching Assistant / Research Assistant / Faculty

Department of Electrical Engineering

Department of Mechanical and Aerospace Engineering

*) Designed, built, and operated system for light scattering measurements

*) Acquired fundamental data for light scattering behavior of particulates on surfaces; developed physical models of the scattering process. 
*) Contributed to SEMATECH workshops on Particles, Haze, and Microroughness.

*) Presented paper on theory and application of etched-pit standards for wafer scanner calibration.
*) Participated in SEMATECH interim evaluation of advanced defect metrology tool (AIT, Advanced Inspection Tool); authored technical progress assessment.

*) Taught senior-level electromagnetics laboratory course. 

4/1987 - 8/1989 Intel Corporation Chandler, AZ

Senior Process Engineer

*) Developed troubleshooting techniques and process monitoring tools to improve die yields in MOS IC manufacturing.

*) Evaluated automated defect detection equipment; performed cost analysis and wrote justifications for purchase.

1/1984 - 4/1987 GTE Laboratories Tempe, AZ

Senior Member of Technical Staff

*) Performed process research and development in plasma etching and photolithography

*) Transferred technology into pilot production. 
*) Established NIST traceable calibrations of CD measuring equipment.

*) Evaluated component failures by electron microscopy; received Proprietary Technical Achievement Award for passivation etch back process.

EDUCATION

PhD Electrical Engineering

Arizona State University 
Tempe, AZ
Dissertation: Light Scattering by Spherical Particles on Semiconductor Surfaces
MS Materials Science and Engineering

Northwestern University
Evanston, IL
Thesis: Electrical and Optical Properties of n-n ZnSe/GaAs Heterojunctions

BS with Highest Distinction, Metallurgical Engineering

University of Arizona

Tucson, AZ
CERTIFICATIONS
Registered Professional Engineer (PE)    Electrical Eng. AZ Registry 33469

Registered Professional Engineer (PE) Metallurgical Eng. AZ Registry 19290

Model Law Engineer (MLE)

National Council of Examiners for Engineering and Surveying Record Number 24607

US Patent Agent 

United States Patent Agent, Registration Number 45,542

AFFILIATIONS
Optical Society of America Member; active reviewer for Optics Express
Senior Member IEEE
SKILLS 

Certified Labview™ Applications Developer
PCB Layout and Fabrication

Cadence IC Design Automation
Verilog & VHDL; FPGA prototyping
FMEAs

ISO 9000 Lead Assessor Training
Mathcad, programming
Visual Basic/Macro Programming

Linux-Unix Operating Systems
C Programming Language 
Electron Microscopist
Statistical Analysis and Process Control (SAS, JMP, Minitab)

PUBLICATIONS AND PRESENTATIONS

“Circuit-Level Impact of a-Si:H Thin-Film-Transistor Degradation Effects,” Allee, D.R.; Clark, L.T.; Vogt, B.D.; Shringarpure, R.; Venugopal, S.M.; Uppili, S.G.; Kaftanoglu, K.; Shivalingaiah, H.; Li, Z.P.; Ravindra Fernando, J.J.; Bawolek, E.J.; O'Rourke, S.M.; Electron Devices, IEEE Transactions on Volume 56,  Issue 6,  June 2009 Page(s):1166 - 1176
“Localization of Gate Bias Induced Threshold Voltage Degradation in a-Si:H TFTs,” Shringarpure, R.; Venugopal, S.; Clark, L. T.; Allee, D. R.; Bawolek, E.; Electron Device Letters, IEEE Volume 29,  Issue 1,  Jan. 2008 Page(s):93 - 95

“Circuit Simulation of Threshold-Voltage Degradation in a-Si:H TFTs Fabricated at 175 C,” Shringarpure, R.; Venugopal, S.; Zi Li; Clark, L.T.; Allee, D.R.; Bawolek, E.; Toy, D. Electron Devices, IEEE Transactions on Volume 54, Issue 7, July 2007 Page(s):1781 - 1783
"Characterization and Debug of Reverse-Body Bias Low-Power Modes," Lawrence T. Clark, David W. McCarroll, and Edward J. Bawolek, Electronic Device Failure Analysis, Vol. 6, Issue 1, p. 13 (February 2004).

"Modeling of light scattering by sub micrometer spherical particles on silicon and oxidized silicon surfaces," Mitchell L. Liswith, Edward J. Bawolek, and Edwin Dan Hirleman, Opt. Eng. Vol. 35, No. 3, p. 1 (1996).

"Models and Measurements for Scattering by Etch Pit Standards," E. J. Bawolek, presented at the ASTM/SEMI/NIST Conference on Particles, Haze, and Microroughness on Silicon Wafers, Sept. 22-23, 1994.

"Reviewing Angle-Resolved Methods for Improved Surface Particle Detection," Thomas L. Warner and Edward J. Bawolek, Microcontamination, Vol. 11, No. 9, p.35 (Sept./Oct.1993).

Edward J. Bawolek and Christopher W. Teutsch, "Defect Reduction Methods and Metrology in a Commodity Wafer Fab," The University of Arizona Tutorial Short Course: Defect Reduction Strategies, September 24, 1993, San Jose, CA.

"Light Scatter from Polysilicon and Aluminum Surfaces and Comparison with Surface-Roughness Statistics by Atomic Force Microscopy" E. J. Bawolek, James B. Mohr, E. D. Hirleman, and A. Majumdar, Applied Optics Vol. 32, No. 19, p.3377 (1993).

E. J. Bawolek and E. D. Hirleman, "Light Scattering by Sub-Half Micron Spherical Particles on Silicon and Oxide/Silicon Surfaces," in Surface Roughness and Scattering Technical Digest, 1992 (Optical Society of America, Washington, DC., 1992), Vol. 14.

E. J. Bawolek and E. D. Hirleman, "Light Scatter from Polysilicon Surfaces and Comparison with Surface Roughness Statistics by AFM," in Surface Roughness and Scattering Technical Digest, 1992 (Optical Society of America, Washington, DC., 1992), Vol. 14.

"Surface Roughness Effects on Light Scattered by Submicron Particles on Surfaces" E. J. Bawolek and E. D. Hirleman, Integrated Circuit Metrology, Inspection, and Process Control V, edited by William H. Arnold, Proc. SPIE 1464, pp.574-583 (1991).

"Light Scattering by Submicron Spherical Particles on Semiconductor Surfaces" E. J. Bawolek and E. D. Hirleman, Particles on Surfaces 3, Detection, Adhesion, and Removal, edited by K. L. Mittal (Plenum, New York, 1991) pp. 91-105

"Monte Carlo Simulation of Plasma Etch Emission Endpoint" E. J. Bawolek, Emerging Semiconductor Technology, ASTM STP 960, D. C. Gupta and P. H. Langer, Eds., American Society for Testing and Materials, p.190-203, 1986.

"Use of RIE and Plasma Techniques for Multi-Film Etching" E. J. Bawolek, Microelectronic Manufacturing and Testing, Vol. 10, No. 10, 64 (1987). Originally presented at the Southwest Semiconductor Exhibition, October 28, 1986.

"Electrical Properties of n-n ZnSe/GaAs Heterojunctions" E. J. Bawolek and B. W. Wessels, Thin Solid Films 131, 173 (1985).

"Optical Properties of Deep Centers in Semi-Insulating ZnSe" E. J. Bawolek and B. W. Wessels, Thin Solid Films 102, 251 (1983).

PATENTS

1. Via Formation for Multilayered Metallization (4,659,427).

2. Magenta-white-yellow (MWY) color system for digital image sensor applications (5,914,749).

3. Light selective element for imaging applications (6,020,582).

4. Well to substrate photodiode for use in a CMOS sensor on a salicide process (6,040,592).

5. Microscope with infrared imaging (6,055,095).

6. Method and apparatus for employing a light shield to modulate pixel color responsivity (6,057,586).

7. Dark frame subtraction (6,101,287).

8. Multiple purpose composite target for digital imaging test and calibration (6,115,492).

9. Embedded dielectric film for quantum efficiency enhancement in a CMOS imaging device (6,130,422).

10. Chemically stabilized light selective element for imaging applications (6,163,026).

11. Light selective element for imaging applications (6,169,280).

12. Plastic light selective element for imaging applications (6,169,283).

13. Method for imager device color calibration utilizing light-emitting diodes or other spectral light sources (6,205,244).

14. Liquid crystal color filter with integrated infrared blocking (6,208,393).

15. Infrared pixel sensor and infrared signal correction (6,211,521).

16. Method and apparatus for employing a light shield to modulate pixel color responsivity (6,235,549).

17. Technique and apparatus for terminating a transmission line (6,323,674). 

18. Liquid crystal color filter with integrated infrared blocking (6,424,392). 

19. Using a minimal number of parameters for correcting the response of color image sensors (6,430,313).

20. Infrared filterless pixel structure (6,459,450).

21. Plastic light selective element for imaging applications (6,573,503).

22. Plastic light selective element for imaging applications (6,623,666).

23. Color interpolation for a four color mosaic pattern (6,759,646).

24. Orange-green-blue (OGB) color system for digital image sensor applications (6,771,314).

25. Infrared correction system (6,825,470)

26. Method and apparatus for employing a light shield to modulate pixel color responsivity (6,933,168) 

27. Apparatus and method for imager device color calibration using spectral light source (7,016,533) 
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