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Motivation

. 2.1 nmQw
« Comprehensive study of 5 nm Barrier
. . . . 204+ .
barrier thickness/contribution
10 - : 2 x - i : g ; ] 1 6 | — e — I — P — _
: ". InAs T =300 K (f) | .
= 08f \ I'valley _12r -
L] ®
= : a ® % - e2 e2
e 06F - e ~ 08L _
& "’ > AlAsSb AlAsSb AlAsSb AlAsSb
: o S )
g ' -‘{ I R E 0.4 ]
Z 02t g . S |
e 1 0.0 - :\Cfg([ﬁ)) -
oore B B o
0 10 20 30 40 50 et
Electric Field (kV/cm) -0.4 - InAs InAs InAs -
| S | I— | S
\7{. R;; W?itesizcz(ljel,getgtzl, gg:ln(;'(c)olnductor Science and [', : 5'0 ' 160 ' 150 ' 260 ' 2!'.)0
echnolo , 34,
gy Depth (A)

H. Esmaielpour, et al, Nature Energy 2020, 5, 336
4

Photovoltaics Materials & Devices Group, University of Oklahoma: http://www.nhn.ou.edu/~sellers/index.html|



Devices
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Device Current Density-
Voltage (JV) Characterisation
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Extraction of
photogenerated carriers
increases with decreasing
barrier thickness.
Narrowing depletion region
with narrowing barrier
Equal barrier-quantum well
thickness (B0O80) results in
increased tunneling of both
photogenerated and
majority carriers (lower
Voc)

Energy (eV)

Energy (eV)

3.00 I
25| o
150
0.75+
0.00 -
-0.75¢

-1.50

3.00 -
225} °°°°

1.50

0.00 -

Ec(eV) 5.1 nm barrier
— Ev(eV)
L valley 0 Volts
X valley
G valley
— 2
AlAsSb
InAs QWs
0.00 0.05 0.10 0.15 0.20
Depth (um)
Ec(eV) -
Ev(eV) 2.1 nm barrier
------- L valley 0 Volts
Xvalley
Gualley  awsseenmd
2 e
0750 o 7 AlAsSb
InAs QWs
AlAsSb

-0.75

-1.50 -

0.00 0.05 0.10 0.15 0.20

Depth (um)

Ln(]Current Density|) (mA/cmZ)

N
o

Device Current Density-
Voltage (JV) Characterisation

N

N

= B 080 (2nm)
= B081 (5nm)
= B082 (10nm)

0.0 0.2 0.4
Voltage (V)

Photovoltaics Materials & Devices Group, University of Oklahoma: http://www.nhn.ou.edu/~sellers/index.html|




Simultaneous JV/PL
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High Resolution PL
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Simultaneous JV/PL
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lowers phonon density of states

» Supports “bottleneck” in phonon
mediated thermalization
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Simultaneous JV/PL

* Increased photocurrent as well as forward bias
current

« BO80 (2nm) leakage current hinders performance
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Simultaneous JV/PL

e Jscincrease greatest for thinnest barrier, less for deep
confined QW (B082)
* Voc “rollover” noticeable at high powers
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Simultaneous JV/PL

P1: SRH, P2: Radiative, P3: Auger
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£ 5.5 Conclusions

* InAs Quantum Well carrier temperatures elevated when compared to

the GaAs substrate luminescence (T, vs T))
* Intervalley scattering possible explanation for higher extracted well

temperature at lower powers
 Phonon bottleneck probable at higher temperatures and powers
e JV characterization shows decreased extraction with barrier thickness

* High powers near radiative limit but Voc plateaus
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