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A few points from this workshop (Multicolor…)
FIR & THz
Photovoltaic
Dark current reduction
Quantum dots

Basic/simple points



THz QWIPs & arrays?

Low temperature & low doping required, absorption is a problem
Free carrier absorption based detectors may be better here

QW QD

Free carrier absorption physics:
Talk of Y.-C. Chang



Absorption needs to be improved
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Lorentz fit:
peak=125cm-1 ~ 15.5meV
FWHW=30cm-1 ~ 3.8meV
peak absoption ~ 15%

Theoretical calculation:
HWHM ~ 1.9meV, N2d=3x10cm-2, α=0.16% per well
23 wells, waveguide d=300um, L=1.5mm, 4 pass
total absoprtion ~ 15%

V267 THz QWIP absorption at room temperature

 Transmission (p/s)
 Absorption (p/s)
 Lorenz fit of Abs.
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Absorption in our 
detector:
~7.5% for polarized 
light

On-going:
Improve absorption by
Higher doping
More wells

Free carrier absorption is very interesting for FIR/THz



THz imaging is a hot area



Photovoltaic QWIP?

Schneider’s “low noise” QWIP
Berger’s QCD
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SAMPLE 2

Key point: making sure pc=1 and pe=1 at the same time
Final improvement: root 2 higher in blip D*



Reducing dark current?

QWIPs with different contacts

JAP 82, 889 (1997)

But all devices behaved just about the same!



QWIP vs. QDIP
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QDIP

Z

XInAs

GaAs

Vz

~ 3 nm
Only 1 level confined

Need to

Control dot shape for normal incidence

High density for absorption

Doping is unclear

Growth study: talk of W.Q. Ma



The absorption issue 

Every electron has 1x1 nm2 or 10x10 A2 absorption 
cross-section in a quantum well/dot

1x1 nm2 -> 1014 cm-2 -> 1012 cm-2 doped 100 wells give 
high absorption

For QDIP, if ~1011 cm-2 dot density, needs ~1000 
layers!
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Peak cross-section ~ (1/nrm*) (1/∆E),  for oscillator strength f~1



Basic: QW well design
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““Optimal DesignOptimal Design””
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νp=7.5 THz (λp=40 µm)
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With many body correction:

6.5 -> 8.7 (30%)

3.8 -> 5.7 (40%)

1.9 -> 2.9 (40%)



Basic: barrier width determination
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Basic: doping determination

Ef=2kBT and n2D=(m*/π←2)Ef, where Ef is the Fermi energy, m* is the 
effective mass in the well, and T is the operating temperature
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Note: extra cooling capacity buys higher absorption, an example is 
shown below, 10-µm peaked QWIP with 1E12 cm-2 doping and 100 wells 
gives high absorption, but a 10 K more cooling is needed (Tblip=60 K vs. 
the typical 70 K).



Basic: temperature
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Ef=2kBT

∆λ/λp=20%
90-deg FOV
300 K background
η=0.5% per well at 77 K
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hνp is about 5 times kBT



Basic: number of wells

The more the better

But …, see Alexandru
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