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Progress in QDIPs
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Responsivity vs. T
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Responsivity vs. T

Quantum efficiency
analysis:

Escape rate

State occupation

probability
Excited carrier life
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Sample structure

1x107° cm 6-doped layer was
inserted 20A before InAs QD.

470A GaAs + 30A AlGaAs
barrier was inserted between
each QD layer
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Basic characteristics

|
1.0 | | |

/ | A
L H [ NIV A
I\ e i
T W V]W
0.8 | ~ 4y
o ! W
w“q n\
W
B 0 L L L L - mri— I
\

1/
Wavelength (um W
06 | gth (um) N”F
_‘\,Aj““‘VN
A
iy
0.4 1.20eV i
I,
\"NW
L W‘My‘”‘w ‘W"V W‘WW W
L A
0 2 - 1 '1 3ev Fu‘m WWW« h \"hw

. JN\Y‘ J A M
( ) ( ) d‘!" Ny Ol w/w
L i "‘W{\W W "’“u’V\,\WW"‘o
I

WWH‘\« M,‘W f

N} w%l 1
10 _2 00 L ! | 1 | 1 | 1 | : | 1 | 1 | 1
1.7x10"™ cm 1.05 1.10 1.15 120 125 1.30 1.35 1.40 1.45 1.50

Photon energy (eV)

B-B transition from ground state to the 1.42eV state.

Excited carrier is about 70meV lower than GaAs barrier.
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Impact ionization
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Impact ionization is possible if V > 0.9V or V < -0.75V.
Extra noise will be generated outside this bias region.
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Responsivity(A/W)
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Responsivity vs T

R changes more than 10
times from 40K to 90K.

R saturated and then
dropped for T>100K.

R increases as escape
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Current gain

G-R noise dominates
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Repulsive barrier in charged QC
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electric field
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Dark current (A)
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Two samples with different doping

ldentical device structure.
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High dark current increase the charge inside the QDs
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Average extra carrier number
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Quantum efficiency
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Doping concentration
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The peak quantum efficiency happens around <N>=0.4

Original doping is 1.6e-/QD. Close to nominal 1.2e-/QD
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Minimize the <N>

Smaller size QDs
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Summary

* The change of current gain dominates the
behavior of responsivity in QDIPs

« Extra carriers/charge inside the QDs play an
important role in the gain and QE of QDIPs

 Given the same of InAs nominal thickness,
smaller QD with higher density provides a
smaller change in <N>. QDs with smaller size
are favorable.
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