CREOL, The College of Optics & Photonics
Fall 2014

OSE-6615  Optoelectronic Device Fabrication Laboratory

Date and Time: Wednesday 3:00 — 5:00 PM — Lecture / Device Fab Lab (TBD)

Location: CREOL Room 266 & Nano-Photonics Device Fabrication Facility
Credit Hours: 3.0

Prerequisite: None

Instructors: Prof. Debashis Chanda

NSTC 417, CREOL A310
Office: 407-823-4575
Email: debashis.chanda@creol.ucf.edu
Office Hours: TBD - Door is always “open”. Just email in case you don’t find
me.

Required References:

Class Notes/Handouts (provided by instructor)

Course Description:

This is a single semester course designed to strengthen the knowledge base of graduate
students in the fabrication methods of modern optoelectronic semiconductor devices.
Hands-on fabrication of several optoelectronic devices will be accompanied by classroom
lectures designed to provide necessary background knowledge of the fabrication process.
Students are expected to gain the general skill set needed to fabricate many of the modern
semiconductor devices that are commercially manufactured today.

Grading Policy:

- (4 Lab Reports — Each 20% of Final Grade)

Your grade in the course is directly related to your participation in the Lab Segments (the
Lab Segments are listed in Course Outline below). The Lab Segments will conclude with
a Lab Report that is to be independently written by each student. The Lab Report should
include all generated data/information that you gather during your Lab Segment efforts
and are expected to be substantially different to show independent work. There are a
total of 4 Lab Reports that will each constitute 20% of your final grade. Due date for
each Lab Report will be announced well in advance — Lab Reports turned in after the due
date may not be accepted by the Instructor.

-Regular and timely attendance (10% of Final Grade)
-Lab and class performance (10% of Final Grade)


mailto:debashis.chanda@creol.ucf.edu

Lab 1: Clean Room (1 Week- CREOL Clean Room)

Chemical Safety Review

Cleanliness (Clean room class, effect of particles on fab process)

Gowning Area

Clean room Apparel (Hair net, gown, gloves, goggles, respirator, shoe cover)
Clean room Paper & Pen

Chemical Storage

(Acid, Base, Solvent, Photoresist)

Clean room Equipment (Fume hood, Aligner, Microscope, Temescal, RTA,
MBE, LEICA, Oxide Etcher, 111-V Etcher, PECVD, AFM, Stepper, Furnace,
Oven, Dice Wire Bonder, Flip Chip Bonder, Sputter tool, Profilometer)
Fabrication Basics Steps (Photolithography, etching, metal deposition, thin
film deposition/growth, Test, Packaging)

The Flow of Device Fabrication

Chemical Safety and Fume Hood (Chemical vapors)

Clean room Worker Toolbox (Metal/ carbon tipped tweezers, razor blades,
cotton/foam swabs, etc)

Types of wafers (GaAs, Si, GaN/Sapphire/SiC, InP)

Wafer Handling and Cleaving (Material hardness, crystal planes)

Cleaning Procedure (Acetone, Methanol, Isopropanol, DI Water)

Operating the Spin Coater Tool

Operating the Hotplate

Photoresist and Thickness (Photolithography, dry etching, passive optoelectronics
devices)

Scratch Test

Generate Spin Vs. Thickness Curve

Cleaning the Fume Hood

Solvent Disposal

Lab 2: Photolithography (1 Week- Physics Clean Room)

S1813 Photoresist (Material datasheet, positive/negative photoresist, etc)
Aligner Operation (Lamp, min. feature size, measuring lamp power, calculating
exposure time, etc)

Mask

351 Developer (Over/under development)

Photolithography Steps (Spin, soft bake, exposure, PEB, developing, hard bake)
Generate Depth Vs. Exposure Time Curve

*kkkkk LAB REPORT #1 *kkkikkk

Lab 3: Etch (2 Week- - Physics Clean Room)

Wet vs. Dry Etch

Sidewalls (Isotropic, anisotropic, directional)

Chemical Safety and Acids (MSDS review, special protective apparel)
Mixing chemicals (Order, percentage, molarity)



Etching

Operating the Profilometer

Generate Etch Rate Vs. Time (Dry Etch)

Generate Etch Rate Vs. Acid Concentration Curve (Wet Etch)
Acid Disposal

Lab 4: Metal Deposition & Contact Annealing (2 Week- Physics and
CREOL Clean Room)

e Contacts (n/p contacts, substrate dependence, transparency in optoelectronics,
ohmic vs. schottky)

Review of Metal Deposition Techniques

Operating the Temescal (E-beam Evaporator)

Contact annealing

Operating the RTA

e Generate Contact Resistance Vs. Temp (or Time) Curve
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Lab 5: GaAs LED (3 Week- CREOL Clean Room)

n-metal deposition, contact annealing and photolithography for p-contact
(1 week)

p-contact lift-off and contact annealing (1 week)

Manual wafer probe testing (L-1-V curve et Frequency spectrum
measurement) (1 week)
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Lab 6: InP Photodetector (3 Week- CREOL Clean Room)

n-metal deposition and contact annealing (1 week)
Photolithography and Device Mesa Etch (1 week)
Photolithography, p-contact deposition, and lift-off (1 week)
Generate Dark current Vs Area curve

Generate Responsivity Vs Area curve

Lab 7: Metamaterial based Mid-IR Detector Fabrication (2 Week — NSTC,
MCF and Physics Clean room)

Nanoimprint to form periodic nano-array metamaterial on photoresist
Scanning Electron Microscope (SEM) characterization of nanoimprinted patterns
Detector formation : UV lithography, metal deposition

Optical and electronic characterization

*kkkkk LAB REPORT #4 *kkkikkk




OSE 6615 - LAB REPORT FORMAT GUIDE

This document provides the general guidelines for the Lab Report document that you are
expected to turn in following completion of the lab segments of the course. These are
only guidelines — you can depart from the listed content when appropriate. If any
questions arise, please consult the Graduate Lab Assistant or the Instructor for the course.

Lab Report Components

Cover Page

The cover page should indicate the Course and Lab Segment Number ( ex. OSE 6615L:
Lab Segment #1), the term (ex. Fall 2006), the instructor (ex. Prof. Winston V.
Schoenfeld), your name, and the date. The Cover Page should not contain any other Lab
Report Components and should take up only a single page. If you wish you may add an
image or figure from the lab to add some “flair” to the cover page.

Abstract

The abstract should be a self-contained paragraph that describes the purpose of the lab
and the results obtained. The key to a good abstract is to be very concise. You should
limit the abstract to a 300 word maximum.

Introduction

The introduction provides the reader with an understanding of the purpose of the work in
the report. For example, if you were creating spin curves for a photoresist, you would
explain that photoresist is an essential element of photolithography and that precision in
the targeted photoresist thickness requires one to generate such curves. Any useful
background literature or information is also included in this section. Essential elements
of the Introduction are the purpose and associated background.

Procedure

The procedure gives details on the methodology you used and the steps therein that were
followed during the lab. Use figures or schematics where useful, and include information
about the equipment or materials you used. For example, if you were processing a
photodetector, you would want to include a schematic of the epitaxial wafer layers and
perhaps a flow diagram of the lithography and testing steps that were followed.

Results and Discussion

This is where the nice data you took goes. You should put some thought into the best
method to present the data you took. Figures should be properly labeled and numbered.
The discussion of the results should be integrated such that as results are presented a
discussion of their meaning and the associated conclusions are made. When appropriate,
you may want to become familiar with the data from other groups in case there are some
additional conclusions that can be made. An example might be that different lab groups



annealed contacts at different temperatures in an effort to determine the best Ohmic
contact annealing conditions. You may in this case want to make a statement about how
you think your conditions compare to those of the others. You also may want to look in
the literature to see how your contact resistance numbers match up with those that are
typically achieved.

Conclusions

In this section you want to quickly state the purpose, what you did in the lab, and what
the results and associated conclusions were. It can be considered as an expanded abstract
that emphasizes the conclusions that were reached during the lab segment.

References

If you used any references in the Lab Report, you should include them in this section in
numbered format for cross-reference to the text.

Additional Notes

Page Requirements — There is no page minimum or maximum, use your own judgment.

Figures — All figures should be properly labeled and numbered using figure captions.
You should consider using the automatic Figure Caption and Figure Reference tools of
you word processing software (it will make your life a lot easier when you write your
dissertation).

Numbering — Number all pages, with the exception of the cover page.

Justification and Margins — Lab Reports should be fully justified with 1” margins on all
sides.
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