
AFRL-AFOSR-JP-TR-2019-0023

Fundamental Study of Antimonide Nanostructures by Molecular 
Beam Epitaxy (Phase II : GaSb VS InSb QDs)

Somsak Panyakeow
CHULALONGKORN UNIVERSITY
254 PHAYATHAI ROAD
PATHUM WAN, BANGKOK, 10330
TH

03/27/2019
Final Report 

DISTRIBUTION A: Distribution approved for public release.

Air Force Research Laboratory
Air Force Office of Scientific Research

Asian Office of Aerospace Research and Development
Unit 45002, APO AP 96338-5002 

Page 1 of 1

3/27/2019https://livelink.ebs.afrl.af.mil/livelink/llisapi.dll



  a. REPORT

Unclassified

  b. ABSTRACT

Unclassified

  c. THIS PAGE

Unclassified

REPORT DOCUMENTATION PAGE Form Approved
OMB No. 0704-0188

The public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing 
  data sources, gathering and maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or 
  any other aspect of this collection of information, including suggestions for reducing the burden, to Department of Defense, Executive Services, Directorate (0704-0188). 
  Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to any penalty for failing to comply with a collection of information 
  if it does not display a currently valid OMB control number.
PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ORGANIZATION.
1.  REPORT DATE (DD-MM-YYYY)
     27-03-2019

2.  REPORT TYPE
     Final

3.  DATES COVERED (From - To)
     19 Sep 2016 to 18 Sep 2018

4.  TITLE AND SUBTITLE
Fundamental Study of Antimonide Nanostructures by Molecular Beam Epitaxy (Phase 
II : GaSb VS InSb QDs)

5a.  CONTRACT NUMBER

5b.  GRANT NUMBER
FA2386-16-1-4003

5c.  PROGRAM ELEMENT NUMBER
61102F

6.  AUTHOR(S)
Somsak Panyakeow 

5d.  PROJECT NUMBER

5e.  TASK NUMBER

5f.  WORK UNIT NUMBER

7.  PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES)
CHULALONGKORN UNIVERSITY
254 PHAYATHAI ROAD
PATHUM WAN, BANGKOK, 10330 TH

8.  PERFORMING ORGANIZATION
     REPORT NUMBER

9.  SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES)
AOARD
UNIT 45002
APO AP 96338-5002

10.  SPONSOR/MONITOR'S ACRONYM(S)
AFRL/AFOSR IOA

11.  SPONSOR/MONITOR'S REPORT
      NUMBER(S)
AFRL-AFOSR-JP-TR-2019-0023      

12.  DISTRIBUTION/AVAILABILITY STATEMENT
A DISTRIBUTION UNLIMITED: PB Public Release

13.  SUPPLEMENTARY NOTES

14.  ABSTRACT
Six publications resulted from your AOARD supported project.
Following the research work on InAs quantum dots (QDs) and quantum dot molecules (QDMs) grown by molecular beam epitaxy 
(MBE), the research target is extended to GaSb QDs and InSb QDs on different substrates, i.e. GaAs/GaSb/InAs and Ge giving either 
type II or type III quantum nanostructures. This type II nanostructures would have a unique property of separated carrier confinement 
for novel nanoelectronic devices such as IR detectors, solar cells, memory devices, etc., and type III with tunneling effect for fast 
nanoelectronic devices. In phase II of the project, various physical, electrical and optical properties of these two nanostructures, i.e. 
GaSb and InSb, are intensively studied. The experiment is also extended to magnetic property of InSb nanostructure due to high-g 
factor.
15.  SUBJECT TERMS
nanostructures, quantum dots, quantum rings, Antimonide

16.  SECURITY CLASSIFICATION OF: 17.  LIMITATION OF
      ABSTRACT

SAR

18.  NUMBER
       OF
       PAGES

19a.  NAME OF RESPONSIBLE PERSON
KIM, TONY

19b.  TELEPHONE NUMBER (Include area code)
315-227-7008

Standard Form 298 (Rev. 8/98)
Prescribed by ANSI Std. Z39.18

Page 1 of 1FORM SF 298

3/27/2019https://livelink.ebs.afrl.af.mil/livelink/llisapi.dll



Final Report for AOARD Grant FA2386-16-1-4003 Mod P00001 

“Fundamental Study of Antimonide Nanostructures by Molecular 

Beam Epitaxy” (Phase II: GaSb VS InSB QDs)

September 2018 

Name of Principal Investigators (PI and Co-PIs): Prof. Dr. Somsak Panyakeow 

- e-mail address : somsak.p@chula.ac.th

- Institution : Chulalongkorn University, Thailand

- Mailing Address : Semiconductor Device Research Laboratory, Electrical Engineering

Department, Faculty of Engineering, Chulalongkorn University, Phayathai Road, Bangkok

10330, Thailand

- Phone : (+66) 2218-6524

- Fax : (+66) 2218-6523

Period of Performance: 09/19/2017 – 09/18/2018 

Abstract: 

This second annual report summarizes the results and output resulting from research 

activities during the past 12 months of the project supported by AOARD co-funded by ONRG from 

September 2017 to September 2018 conducted at Chulalongkorn University in Thailand. Following 

the research work on InAs quantum dots (QDs) and quantum dot molecules (QDMs) grown by 

molecular beam epitaxy (MBE), the research target is extended to GaSb QDs and InSb QDs on 

different substrates, i.e. GaAs/GaSb/InAs and Ge giving either type II or type III quantum 

nanostructures. This type II nanostructures would have a unique property of separated carrier 

confinement for novel nanoelectronic devices such as IR detectors, solar cells, memory devices, etc., 

and type III with tunneling effect for fast nanoelectronic devices. In phase II of the project, various 

physical, electrical and optical properties of these two nanostructures, i.e. GaSb and InSb, are 

intensively studied. The experiment is also extended to magnetic property of InSb nanostructure due 

to high-g factor. 

Introduction: 
GaSb/GaAs quantum dots are type II nanostructure. Long carrier lifetimes in type II can 

provide interesting electronic and optical properties. They can be applied for robust memory devices. 

Combined properties of both quantized and bulk features in type III leading to efficient carrier 

transport and high speed behavior. Optical properties of quantum nanostructures with selective photon 

absorption and emission can be controlled by dot morphology, dot size and dot density. GaSb/GaAs 

quantum dots can be a good candidate for near- and mid- infrared sensor and emitter. 

Ge is a well-known bulk material for infrared sensors both intrinsic and extrinsic properties. 

Impurity species in doped Ge can define the spectral response from near-, mid- to far infrared 

wavelength. Au doped Ge is widely used for the detector of CO2 laser at 10.6 micron wavelength. 

However, most of Ge detectors operate at low temperatures for better detection sensitivity. 

The motivation of this research it to combine quantum nanostructures and bulk properties in 

nanoelectronic and nanophotonic applications. GaSb/GaAs, InSb/GaAs and Ge are selected materials 

for our research proposal. (001) Ge substrates are also used for quantum nanostructure preparation. 

Fundamental understanding of how GaAs anti-phase domains created from polar/non-polar interface 

giving some effects to nanostructure formation will be investigated. The photon emission from 

quantum nanostructures could also be defined by changing the material composition of capping and 

insertion layers. Photoluminescence data would be an analytical mean to understand the basic of 

emission phenomena from respective nanostructures. 

In this proposal, the activity will be focused on InSb QDs which can be either type II 

(InSb/GaAs) and type III (InSb/InAs). This part of knowledge is needed to be investigated and also is 

our research motivation. 

In the second year of research project, we also propose to extend our work on InSb 

nanostructure grown on GaSb substrate.  InSb/GaSb nano-stripes are realized by S-K growth mode 

of MBE. Preliminary experimental result of InSb/GaSb is investigated and used for new research 

proposal submitted to AOARD for the funding in the next 2 years (2019-2020). 

Raman spectroscopy of both GaSb and InSb nanostructures grown on different substrates is 
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also studied.  Raman peak shift due to magnetic field of InSb nanostructure is experimented based on 

its basic property of high g factor.  

In addition, we work on a novel idea of using combined type I (InAs/GaAs) and type II 

(GaSb/GaAs) nanostructures in quantum dot solar cell structure.  Interdigitated QDs with multiple 

stacks are realized and studied for its improved solar cell performance. 

 

Experiment: 

GaSb/GaAs and InSb/GaAs quantum nanostructures are grown by molecular beam epitaxy 

using S-K and droplet epitaxy methods. S-K growth mode is a strain-driven process due to lattice 

mismatches between GaSb and GaAs (7.2 %) and between InSb and GaAs (14.6 %). However, this 

approach has some drawback due to residual strain occurred during high growth temperature. Droplet 

epitaxy method is a lower temperature growth process.  We have developed a novel MBE growth 

technique using low growth temperature (250-300˚c) and low growth rate (0.01-0.02 ML/s) to realize 

high quality Antimony (Sb) based nanostructures. 

 

Results and Discussion: 
GaSb QDs are experimentally grown on GaAs and Ge substrates. Photoluminescence (PL) 

measurement is also conducted to study their optical property reflecting their dot size, dot density and 

dot uniformity which are basic information for future device design, especially detector applications in 

the near infrared region. Multi-stacked GaSb QDs are also prepared for better detectivity of the 

devices. With control of III-V ratio during MBE growth GaSb QDs are elongated within each GaAs 

anti-phase domain (APD) leading to polarization dependence PL. 

InSb QD is another quantum nanostructure grown by MBE. InSb is the narrowest bandgap 

semiconductor and is useful for it is capable of longer infrared wavelength detection comparing to 

GaSb. 

In addition, InSb has the highest electron mobility (78,000 cm2/V-Sec). Therefore, InSb QDs 

are useful for high speed nanoelectronic applications. Another unique property of InSb is very small 

electron effective mass providing a high g-factor of 50. This leads to a very interesting application of 

InSb for magnetic field sensing. We conduct a Raman spectroscopy experiment on InSb nanostructure 

under applied magnetic field to observe Raman shift at various values of magnetic field strength. 

Interdigitated QDs between type I (InAs/GaAs) and type II (GaSb/GaAs) QDs are grown by 

MBE technique.  Photoluminescente result of this interdigitated structure shows photon absorption 

and photon emission from type I QDs and subsequent photon re-absorption by type II QDs to provide 

better short-circuit current of the solar cell. (Details of all experimental results and discussions are 

found in published papers listed below). 
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