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Infrared Imaging: Background and Applications 

Applications
• Defense and Security
• Medical Diagnostics
• Surveillance 
• Astronomy
• Home inspections
• Fire fighting
• Entertainment
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The Infrared Imaging Market

• Low Volume, High Performance, High Cost ($300K-500K)
– Requirements: High quantum efficiency, extremely low dark current, no 

cost or operating temperature limit
– Applications: low background applications, such as Astronomy
– MWIR-InSb, LWIR-MCT, VLWIR- Si:IBC
– Type II SLS

• Large Volume, Uncooled Operation, Low Cost ($5K-20K)
– Low cost, slower speeds, room temperature operation, no spectral 

information
– Bolometers

• Intermediate Volume, Performance and Cost ($70K-100K)
– Desired Features: Low dark current, moderate quantum efficiency, high 

operating temperature, large format, multicolor, intermediate cost
– Current players: MWIR-InSb, LWIR-QWIP 
– QD Detectors
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Historical Perspective

First Gen Systems

• Single Pixel

• Linear Arrays

Second Gen Systems

• 2D Staring Arrays

• Mostly Single Color

Indium Bond

DWELL Detector Array

CMOS ROIC
To Preamp, A/D

Indium Bond

DWELL Detector Array

CMOS ROIC
To Preamp, A/D

• Higher Operating 
Temperature (HOT)

• Multicolor Capability

• Large Format Arrays

Third Generation 
Systems
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Skin Cancer in the US 

Skin Cancer Facts
 Most common type of cancer in US

 More cases of skin cancer than 
those of breast cancer, prostate 
cancer, lung cancer and colon 
cancer combined.

 One in every five Americans 
develops skin cancer in their 
lifetime.

 Melanoma is the deadliest form of 
cancer and is responsible for 75% 
of Skin Cancer related deaths 
(~70,000 deaths in 2009)

*Rates are per 100,000 and are age-adjusted to the 2000 U.S. standard population.
†Source: U.S. Cancer Statistics Working Group. United States Cancer Statistics: 1999–2006 Incidence and 
Mortality Web-based Report.

Early diagnosis is key in preventing the 
occurrence of skin cancer

Current Technology
Subjective Visual Test

OR

Invasive 
Biospy
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(a) (b) (c)10 sec 120 sec

(a)Visible image of a benign dysplastic nevi and infrared images at (b) 10 seconds 
and  (c) 120 seconds after cooling using ALIAS-1 developed by SK Infrared LLC

No significant difference was observed in the response of the 
nevi and the  surrounding skin, indicating a benign lesion

Early Detection of Skin Cancer with IR Imaging

Pritini et al, International Journal of Thermal Sciences, 2010

Malignant 
Melanoma

Benign 
Lesion

Advanced Longwave 
infrared Imaging 
Analysis System 
(ALIAS)
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Epi to Camera Research

KIND Lab: One of two university 
laboratories in the country that can 
undertake “Epi to Camera” researchT2SL FPA

QD FPA
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From Material to Focal Plane Arrays
STEP 1: Mask Design for Specific ROIC 
• Design Masks with sufficient test structures for 
characterizing materials

STEP 2: Materials Growth and Characterization
• 4 MBE reactors 
• 2 MOCVD reactors
• Field Emission Scanning Electron 
• Transmission Electron Microscopy (on-campus). 
•·Hall mobility measurement
•·Photoluminescence (300K to 4K)
•·Philips double and triple crystal X-Ray rocking curves.
•·Research atomic force microscope(Thermo)
• Nicolet FTIR and Cary Spectrophotometer 
• Femtosecond Spectroscopy set up 

STEP 3: Semiconductor Processing (Details next)
• 3500 square foot cleanroom with four bays at class 100 
• Two UV Karl Suss MJB-3 mask aligners,
• Two spinner stations and a metal lift-off station
• An AlphaStep 500 profilometer,
• Two Technics reactive ion and a Plasmatherm ICP etchers
• A rapid thermal annealer(RTA)

Purchased a new MBE Reactor

Veeco Gen-10 Model, 3 inch system with 10 
source ports with Ga, In, Al, As, Sb

First such reactor for III-V semiconductors

Installed at UNM

Will dramatically improve our materials 
capability
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Mesa Etch and 
SiN Deposition

Contact Metal Deposition

Processing: Material to FPA
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Processing: Material to FPA

After Indium 
Reflow

Bottom Contacts

Indium Evaporation
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STEP 4: Indium Bump Metallization/Dicing
• Establish a process for indium bump metallization 

and dicing of wafers

STEP 5: Hybridization to Fanout/ROIC 
• Test structures are hybridized to Fanout
• After initial characterization, the actual ROICs are 

hybridized

STEP 6: Substrate Removal 
• Substrate will be removed by a combination of

chemical and mechanical polishing

STEP 7: Characterization and Evaluation
• Performance of devices will be evaluated
• FPA characterization will be undertaken

Processing: Material to FPA

Before substrate 
removal

After substrate 
removal
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 Commercially available SE-IR CamIRa™ demonstration system:
 Janos Technology Ninox 3 ~12 m lens
 SE-IR CamIRa software, Closed cycle dewar, Camera Head electronics
 Extended (plate) Blackbody source

FPA

Camera Head

• Voltage Bias Generation

• A/D Hardware

• Timing Pattern Generator

• PC Interface

Computer

 Data Processing & Storage

Dewar

Mid-infrared Imaging Characterization 
and Applications (MICA) Lab
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Images from 320x256 FPAs

Quantum Dot FPAs

Superlattice FPAs
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Band-gap Engineering of Type-II
Semiconductor Active Layers

First Proposed by Smith and Malhiot, J. Appl. Phys., 62, 2545, 1987. 

Other References From Literature on InAs/(In,Ga)Sb SLS Detectors (not comprehensive)

• Chow et al, Appl. Phys. Lett., 56, 1418, 1990

• Campbell et al, Appl. Phys. Lett., 59, 846, 1991

• Grein et al, J. Appl. Phys., 78, 7143, 1995

• Johnson et al, J. Appl. Phys., 80, 1116, 1996

• Fuchs et al, Appl. Phys. Lett., 71, 3251, 1997

• Burkle et al, Appl. Phys. Lett., 77 1659, 2000
• Wei et al, Appl. Phys. Lett., 80, 3263, 2002 • Wei et al, J. Appl. Phys., 94, 4720, 2003
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SbAs
AsSb

InAs

GaSb

InAs

GaSb

[001]

GaSb

InAs

GaSb

InSb bond
(bright)

GaAs bond
(dark)

42 Å STM by Michael Weimer (Texas A & M)

Epitaxial Growth of Type-II 
Strain Layer Superlattices

Growth by Solid Source MBE System at CHTM by Kaspi

TEM by Paul Rotella (UNM)
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Unipolar Barrier Diode (PbIbN)

PIN diode under reverse bias operation

Diffusion

Diffusion

TAT

SRH

BTB

P I N

Hole blocking layer

Electron blocking layer

Advantages:

Diffusion

Diffusion

TAT

SRH

BTB

P

I

N

Reduction in minority carrier diffusion current
 Reduction in tunneling
 Reduction in SRH currents

Low-field region

+
_

Trap-Assisted Tunelling (TAT)
Band to Band Tunelling (BTB)

Shockley-Read-Hall (SRH)
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Unipolar Detector Design

637nm 16ML/7ML SLS
N+ contact layer

450nm hB 13ML/4ML SLS 
(n.i.d.)

2.2m 14ML/7ML SLS 
(n.i.d.)

325nm eB 8ML/8ML (n.i.d.)
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P+ contact layer

GaSb:Te
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1Gregory C. Dente and Michael L. Tilton, J. Appl. Phys. 86, 1420 (1999)
2http://www.synopsys.com/Tools/TCAD/Pages/default.aspx

Significant reduction in field 
drop across absorber region

Band offsets and bandgaps obtained 
from Semi‐Empirical Pseudopotential 
Method and fed to Sentaurus T‐CAD for 
further calculations



UNM

GaSb:Te
2” wafer  

N+ Contact Layer 9/4 SLS
(200 Periods)(800nm)

14ML InAs/7ML GaSb SLS
(1.94m thickness) (p1e16) 

(300 P) (both layers dopes p-type)

5/8 SLS  P+ contact Layer (38 
P) 130nm

45P (16ML InAs/4ML AlSb) 
(n.i.d) (275nm)

EB 7ML GaSb/4ML AlSb SLS 
(45 Periods) (149nm)

L11‐110
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Improved PbIbN Design 

 Optimized barrier height to reduce 
operating bias

 Increased barrier height using AlSb

Not previously reported
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Jd=1.6e-5 A/cm2 at 76K at -60mV (bias for highest SNR)

Dark Current Measurements at RVS
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• Single pass QE=23% at 60 mV without AR coating
• Detectivity calculated with noise measurements and NOT

from dark current data
• Signal measured using 8.4 µm long pass filter
• Devices are at RVS for independent evaluation
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Self-Assembled Growth of Quantum Dots 

Frank-van der Merwe                
2d layer by layer

Stranski-Krastanow 
Initial 2d growth,        
Later 3d island growth 

Vollmer-Weber 3d 
island growth

Increasing Strain

TEM by P. Rotella

XTEM image of an InAs/InGaAs QD

AFM image of Surface InAs QDs
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InAs/InGaAs Dots in a Well Detectors

* Krishna et al, IEEE Circuits and Devices, p.14, Jan. 2002; Appl. Phys. Lett.,79, 21, 2001. 

Band-structure Engineering of QD Detectors
• Placing the dots in an InGaAs well (DWELL) is expected to lead to reduced 

thermionic emission  lower dark current higher operating temperature

• The operating wavelength and nature of transition can be tailored by varying the 
width and the composition of the InGaAs QW

• Tailoring asymmetry in bandstructure for exploiting QCSE 

• Novel Physics: transitions between carriers with different degrees of confinement

InAs/GaAs QD

Raghavan et al, Appl. Phys. Lett., 81, 1369, 2002Krishna et al, Appl. Phys. Lett., 80, 3898, 2002

InAs QD

InGaAs
QWell
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InAs/InGaAs Dots in a Well Detectors

• Various Research Groups are now using DWELLs

• IR Nova/Linkoping University (Sweden)

• Wilson/David Group (Sheffield University) 

• Jagadish Group (Australian National University)

• J.Deen Group (McMaster University)

• Razeghi Group (Northwestern University)

• Wang Group (Taiwan)

• Gunapala Group (NASA JPL)

• Lu Group (UMass)
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Confinement Enhancing DWELL Design

Barve et al, APL, 2011
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Barve et al, APL, 2011

Spectral Response and Radiometric 
Characterization

• Response observed till 150K

• Detectivity of 6e11 cm Hz1/2/W at 0.4V (77K)

• High detectivity at low bias
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Looking Ahead: Vision for 4th Gen

1. What are the problems with the current generation of IR detectors?

2. What are the most interesting developments that you would like to see 
for your topic over the next ten years?

3. What are the biggest challenges for developing relevant technology 
over the next ten years?

4. What science breakthroughs could be enabled by this technology 
over the next ten years?

Figer Questions !
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“Too Much Data” Problem

The bottleneck to decision making is the user in the loop 
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Multimodal Sensing 

 Present Day Infrared FPAs

 Mostly Single Color (Monitor Emissivity)

 Multispectral FPAs use either multiple FPAs or spinning filter wheel

 Cost Increases Dramatically

Rehm et. al Electronic Letters, 42, 577 (2006)2

2

J. S. Tyo et.. al Applied Optics, 45 (2006)3
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Looking Ahead: Vision for 4th Gen

All Pixels look the same in present day systems

The Fourth Generation Infrared Imaging Systems should have the following 
information encoded at the pixel level
Spectral Content

Polarization Information

Dynamic Range (or gain)

Phase Sensitive Detection

Reduced Data Bandwidth

Images by N. W. Bernstein, LANL

Water

House with a red roof

Land, vegetation free
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Spectrally Tunable Smart Sensors
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UNM Device 
1780 at T=30K

Neg. bias
Pos. bias

Our idea is based on a bias-
tunable Quantum Dot Infrared 
Photodetector (QDIP)
 In an asymmetric well allow the 
spectral response to vary as the bias 
voltage is changed

 The spectral diversity is then passed 
through a post-processing algorithm to 
achieve (~) arbitrary spectral response

 A single FPA can be used for several 
different spectral imagery missions 
software reconfigurable!

Multicolor Response using 
different bias combinations

University of Sheffield/UNM Collaboration
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SURFACE PLASMA: WAVES BOUND TO 
METAL/DIELECTRIC INTERFACE
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Plasmonic Focal Plane Arrays

• Multispectral FPA
– Integration of  subwavelength patterns with 

illumination side of FPA.
– Each pixel can detect different wavelength.
– A thin semiconductor region between metals.
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Plasmonic QD Focal Plane Array

Collaboration with Prof. Brueck’s group at UNM
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Spectral results Show ~ 2X Enhancement 
at SPW Resonance
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The Eye  as an Imaging System

Roska et al, Nature, 2001
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Bioinspired Infrared Retina
Nature has found a way to enable 
significant data compression by 
using a good photoreceptor coupled 
with a powerful processor which 
enables statistical learning and non-
linear selection processes

Paskaleva, Jang, Hayat, Sharma and Krishna (Manuscript in prep)



UNM

New Functionality in Read Out Circuitry

Process Innovation
Current – III-V QWFETs 

require complex 
heteroepitaxial 
growth processes

XOI platform –
integration of ultra-
thin III-V materials 
on Si/SiO2 by an
epitaxial transfer 
process, similar to 
wafer-bonding

InGaAs QWFET on Si
Intel (IEDM, 2009)
J. del Alamo (TED, 2010)

XOI FET on Si
PIs: Javey, Krishna 
(Nature, Nov 2010)

Device Performance
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Outlook –
Through  (i) 
integration of both 
p- and n-type 
materials and (ii) 
device scaling, high 
performance and 
low power III-V 
logic circuits on Si 
can be realized.



UNM

Summary and Conclusions
 Type II Superlattice and Quantum Dots as emerging IR technologies

 Plasmonic Detectors and Focal Plane Arrays

 Bioinspired Infrared Retina

Quantum Dot FPAs

Superlattice FPAs
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Future Outlook

1. What are the problems with the current generation of IR detectors?

Data Overload

2. What are the most interesting developments that you would like to see 
for your topic over the next ten years?

Bio-inspired Sensing 

3. What are the biggest challenges for developing relevant technology 
over the next ten years?

Integration of powerful hardware with intelligent algorithms

4. What science breakthroughs could be enabled by this technology over 
the next ten years?

Intelligent Imaging for Biomedical Applications
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