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InAs Based Optical Structures

INAS 50 nm Cap INAS 50 nm Cap
AlAs ;.Sbg, 2nm AlAs ;Sbg, 10 nm
INAs 2.4 nm INASs 2.4 nm
80x 30x
AlAs ;Sbg, 2nm AlAs ;;Sbg, 10 nm
INAS 2000 nm INAS 2000 nm
T664 T673
« GaAs substrate as trial « Xand L valley energy separation:
* AlAs ;Sb g4, latticed matched to InAs | InAs > GaAs
« InAs buffer layer 2 microns thick to Desirable to not pump higher energy
minimize strain states

« Effective band gap tunable to 0.7 eV
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Band Edge Enargy [aV]

Conduction & Valence Band Offsets

T673: 2.4 nm InAs QWs
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InAs 2.4 nm Superlattice and MQW PL
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INAs MQW E vs T

S L Localization due to alloy fluctuations
typical of narrow well widths :
— Temperature and Power Dependent
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InAs MQW Temperature and Power

Dependence
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InAs MQW Power Dependence
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InAs QWs fitting methods

T T T T T T T T T

v | Maxwell-Boltzmann like distribution of carriers:

T=90K

I (hv) < exp(—hv/k,Ty)

|, - PL intensity
hv - photon energy
T, - carrier temperature
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INAs QWSs Laser excitation comparison

442 nm above the barriers
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InAs QWSs Carrier Temperature

Equivalent Suns (1000 W/m?)

20,000 40,000 60,000 80,000
~ 200F ®m 4K - 0860 ——
é I ® 10K ] I o 41.28 mW 1
o 8oy 4 3K 14K o 0.855 | ! 3411 r1,1_)\,vmw_
O L o . )
| _ > .
@ ] SN - =~ 0850 o, 8.5 mw
S b > e 1| 3 T
= 1407 S 08451 e aen, i
D [ 1 [ - %"B‘:lan.n%% unn"::::%
O 120 W o840t oo, P2, -
3 i ] cxd . - °°°°° u::°°° |
E 100 i ) 0835 B nnnnnu:::: o ]
8— - 90K O : “enagd®e .
e 901 0.830 | el ]
Iq_) | . nﬂnun
60 B 2 [ o 1
* 1 . 1 . 1 . 1 0825 1 L 1 L 1 L | L | L | " 1
2000 4000 6000 8000 0O 50 100 150 200 250 300
Power (W/cm®) Temperature (K)

. High Temperature Regime:
Low Temperature Regime: J P 9

_ Holes delocalized = electron pileup
Increasing AT wrt Power for all Temp

_ AT wrt Power nearly independent
Temp increases slope of AT decreases

Temp increases slope of AT becomes level
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InAs QWSs Carrier Temperature

Equivalent Suns (1000 W/m?)
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Summary

Future measurements:

Repeat with 975 nm laser line to confirm trends that
have been observed with 442 and 633 nm lines

Magnetic field measurements to probe the nature
of localization confinement

Preliminary results for hot carrier optical studies:
InAs QW structure can be tuned to 0.7 eV band gap for hot carrier solar cells

Band offsets for AIAsSb/InAs superlattice structure are such that there are
energy states in QW suitable for Impact ionization

Blue laser shows more pronounced effects than red laser

Carrier temperature appears to be correlated to localization
Temperatures > 150 K leveling of carrier temperature wrt laser power
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