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Overview

QWIP

Broadband MIR Source

Detecting Region = PhC Slab

Excitation via Surface
Enhancement of Photocurrent

A
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Other Principles

Phys Rev B 60, R16 255 (1999) Astratov et.al
Photonic Band-Structure Effects in the Reflectivity of 
Periodically Patterned Waveguides

Phys Rev B 65, 073102 (2002) Whittaker et.al
Photonic Band Structure of Patterned Waveguides with 
Dielectric and Metallic Cladding

Characterizing in Reflection
- illuminate PhC-slab surface 

with broadband source 

- features in reflected signal 
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Motivation

Science 302, 1374 (2003) Colombelli et al.

Quantum Cascade Surface-Emitting
Photonic Crystal Laser

single mode surface emission
Quantum Cascade Laser

- stronger coupling than grating 

- laser arrays, homogeneous farfield

2D Photonic Crystals enable...
surface incident light detection
QWIP
- photonic bandstructure analysis
- useful as detectors?

APL 88, 151104   (2006) Posani et al.

Nanoscale Quantum Dot Infrared Sensors 
with Photonic Crystal Cavity
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Quantum Well Infrared Photodetector

Surface Plasmon Waveguide

Photonic Crystal

+

+

Outline
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Surface Plasmon Waveguide

Gold

2.7µm QWIP

GaAs (2E18)
neff of Vertical
Waveguide

TM
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QWIP

Solutions:
- facets 

- grating couplers

- photonic crystals

- QDIPs

Feature of QWIP:
- only TM sensitive  (electric field component normal to layers) 

- no response for surface incident light
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QWIP – Reference Sample
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QWIP Response

T = 10 K
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ΓK

ΓM

2r

a

2D Optical Bandstructure

Plane Wave Expansion Method (PWEM)
neff=3.1984  a=3µm  r/a=0.241
TM

2 µm
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Fabricated Devices

50 µm
50 µm

after deep etching

finished devices

after insulation opening
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Shallow “PhC”

Same Grating & Same Epitaxy
only the metal is patterned

shallow

deep
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Normal incidence

- QWIP responsivity reproduced

- no Grating related Peaks

0°

a = 2.95 µm

PhC via Surface
Reference via Facet

Shallow “PhC” at Normal Incidence
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2 Mechanisms
- diffraction at small aperture

- diffraction from a grating

„λ > a“

„λ < a“

0°

G = 2π/λ
1223 cm-1

Shallow “PhC” at Normal Incidence

a = 2.95 µm

Grating via Surface
Reference via Facet
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Angled excitation
- no grating related peaks

- response gets broadened

0° 25°

55°

„λ > a“

„λ < a“

0° → 1223 cm-1

25° → 1409 cm-1

55° → 1644 cm-1

Shallow “PhC” – Angle resolved

a = 2.95 µm
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Deep Etched PhC

Same Grating & Same Epitaxy
whole waveguide is patterned

shallow

deep
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Deep Etched PhC at Normal Incidence

Photocurrent ~ 50 mA/W

- PhC peak at  a/λ0=0.4

- QWIP peak at a/λ0=0.25

10 K
a = 3 µm
r/a = 0.241

0°
PhC via Surface
Reference via Facet
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Angular Dependence

InPlane Wavevector k||

aperture
divergence of incidence beam ±2°

k║

k⊥

k

k||=     sin(Θ)ω
c

kkΘΓK
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ΓK
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Schartner et al., Appl. Phys. Lett., 89, 151107 (2006)

PWEM 2D TM mode calculation

Bandstructure Mapping

Experiment
Simulation
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Polarization Resolved
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Polarization Resolved

ΓM-Direction
Θ = 44°

E

Θ TM incident
(π-case)

TE incident
(σ-case)

E

Θ
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Polarization Resolved

E

Θ TM incident
(π-case)

TE incident
(σ-case)

E

Θ



ITQW 2007, Ambleside, UK, Sept 11th 2007

Symmetry

ΓM

ΓK

Ez-Field of 2nd Band at Γ-Point
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Symmetry
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Symmetry
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Symmetry
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Calculated with the
„MIT-Photonic Bands“ programm
S. G. Johnson & J. D. Joannopoulos,
Opt. Expr. 8, 173 (2001).
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Parity - Polarization

OddEven - PhC-Mode is even or odd 

- Plane Wave is always even

- TM-incident wave 

→ even PhC modes 

- TE-incident wave 
→ odd PhC modes

-+ +
mirror plane

k

plane
wave
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TM - TE mixing

Precondition

- grating/PhC

- overlap of in plane
components of both
modes

TM
TE

Overlap

In Plane Mode Profiles



ITQW 2007, Ambleside, UK, Sept 11th 2007

Support:
• Austrian Science Fund  (ADLIS) 
• EC RTN project POISE
• Gesellschaft für Mikro- und Nanoelektronik
• Platon

Summary

• PhC QWIPs are sensitive to surface incident light

• Defect modes

• Polarization behavior and band structure
mapping in surface plasmon PhCs


