
Thin Film Physics Group
www.tfp.ethz.ch

Mid-Infrared Tunable Resonant Cavity 

Enhanced Detectors

Ferdinand Felder, Mohamed Rahim, Matthias Fill,

Martin Arnold a nd Hans Zogg

Thin Film Physics Group, ETH Zürich

MIOMD-9, Freiburg, 2008

Niels Quack, Philipp Rüst, Stefan Blunier

and Jürg Dual

Center of Mechanics, ETH Zürich



Thin Film Physics Group
www.tfp.ethz.ch

Content

ÅMotivation

ÅIV-VI Semiconductors

ÅResonant Cavity Enhanced Detector:
concept and tunability

ÅSensitivity of thin photodiodes

ÅSpectral response of a RCED

ÅConclusion and outlook

2 / 23



Thin Film Physics Group
www.tfp.ethz.ch

Motivation

ÅSpectrometer on a chip

ÅMid-infrared: strong
gas absorption lines

ÅMulti-spectral imaging:
adaptive focal plane arrays

ÅSpectroscopy

3 / 23



Thin Film Physics Group
www.tfp.ethz.ch

ÅMBE on Si(111)

ÅIV-VI in combination with BaF2, EuTe

ÅCut-off temperature dependent

ÅTernary compounds:
ÅPb1-xEuxTe

ÅPb1-xSrxTe

ÅPb1-xSnxTe

IV-VI Semiconductors

Absorption edge variable 

3 Õm < ɚ
PbTe

= 5.7 µm < 20 µm
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ÅRefractive index contrast (90K):
ÅnPbTe ~ 6.3

ÅnEuTe ~ 2.3

ÅnBaF2 ~ 1.45

IV-VI Semiconductors

Braggmirror with very high

Reflection, broad stop band,

only few ɚ/4-pairs needed

PbTe/EuTe DBR on Si:

(200 K, 4.2 µm)

> 94% for 1.5 pairs

> 99% for 2.5 pairs

> 99.8% for 3.5 pairs

... and even higher for BaF2
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Resonant Cavity Enhanced Detector (RCED)

Concept: combination cavity + photodetector

ÅNarrow spectral

sensitivity

ÅThin active layer

ÅHigh quantum efficiency

ÅLower noise limit when

compared to traditional

absorber-filter-system:

smaler volume

ÅCavity length defines

wavelength and order

of resonances

Mirror,
e.g. gold

Absorber

Cavity

Bragg mirror
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Tunable RCED
MEMS micromirror
Center of Mechanics
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Tunable RCED

No absorption

ɚ
cut-off, PbTe

< ɚ

Detektor sensitivity = tunable range

ɚ 
cut-off, buffer

< ɚ < ɚ
cut-off, PbTe

Absorption in
buffer layer

ɚ < ɚ
cut-off, buffer
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Sensitivity of thin photodiods

pn+ heterojunction: 

Åp-PbTe

Ån+-PbSrTe:Bi 

~ 0.3 µm thin

Gen/Rekombination limitDiffusion limit

APL 91 (2007),
#101102
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Sensitivity of thin photodiods

Diffusion limit:

~ Űe/Le ni
-2 ~ Űe/Le eEg/kT

Gen/Rekombination limitDiffusion limit
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Sensitivity of thin photodiods

G/R limit at defects:

~ Űg-r ni
-1~ Űg-r eEg/2kT

Gen/Rekombination limitDiffusion limit
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Sensitivity of thin photodiods

APL 91 (2007),
#101102

Thin diodes Ÿ less noise

Better than bulk

PbTe-PbSrTe:Bi 

~ 0.3 µm thin

Ideality factor:

n* = 1 (high T)

n* = 2 (low T)

Bulk diodes

typical: Űg-r < 1 ns

Gen/Rekombination limitDiffusion limit
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IR Spectra of thin photodiods

No RCED,
only lower diode-chip

!  dabs = 300 nm  !

No absorption

ɚ
cut-off, PbTe

< ɚ

Absorption in
buffer layer

ɚ < ɚ
cut-off, buffer
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IR Spectra of thin photodiods

Bias: -10 mV
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No RCED,
only lower diode-chip

!  dabs = 300 nm  !
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Tunable RCED

Realized tunable RCED with MEMS micromirror

ÅMirror movement towards diode chip:

Åd ~ U³

Å d ~ 2.5 µm

ÅOriginal cavity length:

Å17 µm

Å10 µm external

N. Quack et al.,
Sensors 2008, 8 (9)
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Tunable RCED

MEMS
Setup

100 K
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Tunable RCED

MEMS
Setup

100 K
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Tunable RCED

Realized tunable RCED with MEMS micromirror

ÅSingle mode (n = 6)

Å~ 2.5 µm mirror movement

yields a shift to the next

higher mode:

4.8 µm - 5.4 µm

ÅQE not uniformly high:

influence of buffer layer

on reflectivity of the

lower DBR

ÅMeasurement at 200 K:

4.2 µm CO2 absorption

MEMS
Setup

100 K

n = 7 n = 6
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Conclusion

ÅTunable Resonant Cavity Enhanced Detector

with MEMS micromirror

ÅPresented RCED: 

ÅSensitive ~5 µm (100 K)

ÅWavelength tunable ~0.6 µm

ÅExternal cavity 7.5 - 10 µm

ÅFWHM ~ 80 nm, / ~ 1.5% (previous sample)

ÅHighly sensitive thin photodiodes:

ÅR0A above diffusion limit for bulk photodiodes

ÅPhotosensitive for T > 225 K (Peltier cooling)
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Outlook

ÅAdditional AR layer outside of cavity

ÅNo influence of buffer layer on DBR reflectivity

ÅUniform high quantum efficiency

ÅFWHM: Finesse of the cavity

5 ɛmVECSEL grown on
BaF2 and Si substrates

Wednesday 11:30

Mohamed Rahim

PbTe QD on Si( 111)

Poster 28

Andreas Fognini
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