1-v lab

M. Benfante, A. Evirgen, V. Trinité, C. Theveneau, M. Garcia, B. Gerard & J.L. Reverchon; IlI-V Lab
S. Demiguel, T. Dartois; TAS
J. Robichou; LAM, TLAS OME

8th of June 2023
“norsk =M The
ThaleSAI/erl/la E|E|('|.'.I"O & Science & Technology Facilities Council - g}llVGI'Slty
ot~ SDCICE optikk.. @ Rutherford Appleton Laboratory Sheffield.

NO<KIA B, THALES



Outline

[ Objective }

Transport in InGaAs/GaAsSb super lattice
Localization issues in T2SL
Localization in ZA / InGaAs VB valence band offset

Playing with strain compensation
Toward decent QE

Conclusion & perspectives

The
University
o Of
Sheffield.

i -norsk
Tha |eSAIeﬂI a l ,l/_;\ifg . . E|E|(tl"ﬂ & Science & Technology Facilities Council

)¢ [ optikk.. @ Rutherford Appleton Laboratory <




InGaAs lattice matched on InP material is the reference @ A < 1.7um

InP high quality substrates available in 4” and 6”

Minority carrier lifetime in the range of 2us
Low dark current densities at T,
Active imaging
Laser with high power at 1,55um
Better atmospheric transmission

Space application
A > 2,4 um
Gas monitoring
l4ar< 0,3 NA/cm? @175K
Earth imaging
lgark< 3 HA/cm? @270K
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» Strained InGaAs on buffer / InP

® RTS & dark current after irradiation

Al bonding pad Ohmic contact on p*-InP

g Passivation layer

Diffusion mask

Dark Current Signal imficin®)
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Zn diffused region

/> T2SL solutions on InP
“ Inada et al. (2011)

P-clectrodes

Anti-reflection : 510N
— Passivation : SiN
— Cap layer InP(1.4um)
— Intermediate layer :InGaAs(1.0um)

Absroption layer : InGaAs(5nm)/GaAaSh(5nm)
50-450 pairs

iy — Buffer layer : InGaAs(0.15nm)

— S-doped InP substihte

k [T — N-electrodes
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ues vs standard InGaAs

Standard InGaAs on InP grown by MOVPE for InP cap
Lack of pure SbH; precursors => MBE machine still more common

Cap layer
 Solution 1: P, As & Sb available in 1 MBE

O Solution 2: P source is not available
* InP regrowth in MOVPE or GSMBE chamber
InP *  Zn diffusion optimization in InAlAs

SiN

'InGaAs Modification of active layer
U InGaAs in depleted region (>1um)
U InGaAs/GaAsSb in neutral region

The
University
o Of
Sheffield.

=norsk

)
Tha |eSAIeﬂI a l ,l/_;\ifg l'e t i elel(_tr-o & Science & Technology Facilities Council D
T s SDACE Lm0 optikik.. @ Rutherford Appleton Laboratory




Outline

Objective

Transport in InGaAs/GaAsSb super lattice
Localization issues in T2SL
Localization in ZA / InGaAs VB valence band offset

Playing with strain compensation
Toward decent QE

Conclusion & perspectives

The
University
o Of
Sheffield.

=norsk
E|E|(_tl"o Science & Technology Facilities Council @
- optikk.. @ Rutherford Appleton Laboratory

i
ThalesAlenia '''-\.18b

& Thales / Leonardo company Space ,,-")/"_\




QE (u.a.)

InGaAs

ART3993 3nm / 5nm
—310K
—290K
—270K

—250K

230K

1.0 1.2 1.4

)
ThalesAlenia

& Thales / Leonardo company

Space

22 24
v la
e ’/;—;\

3 um InGaAs

InP Substrate

QE {u.a)

70 nm InGaAs
1 pm InAlAs

70 nm InGaAs
1 pm InAlAs

1.5 ym InGaAs

}Superlattice

InGaAs

InP Substrate

1 T T T T T T T T T T
—;f, iy,
Pl iy Tll|1
[k T
oy 1Y
- 'z:,," iy
01 B e R e e e
¢ Tysy
(SN
i LN
- 1 "'\":';-"m.
[ IART40153nm /7nm| . .\ « Ty N
: 3 - - 310K N N
ARTA4013 3nm / 3nm g — — 290K : \‘ %“\\'« N
oo1 N 310K b e e e — — 270K "i'n' wl "\\\\‘
=S S [ — — 250K . e
..... 230K F W
_____ T ! i ' DR
3 4y
"\“' o
‘\ y it
1.0
Ll .I lI
0001 |y o b b T R g Ll L b Lhs
o 1
1 L L I L i 1 i llln i
10 12 14 16 18 12 1.4 16 18 20 22
lambda (am} lambda {jam}
~norsk =4 The
A > University
l-e t I E|3ktl"o Science & Technology Facilities Council
ceatech

“optikk.. @ Rutherford Appleton Laboratory

Of

N\ \}‘ z
T Sheffield,

by




[or attice matched T2SL

Decent dark current Localization !!!!
70nA/cm? @RT @1,65um QE < 10% with 1um of SRL
200nA/cm? @RT @2,1pm Localization at low temperature => MTF ??
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ART4013

Inf2AAc: 2 nrm

Infrared Physics and Technology 97 (2019) 210-216

Contents lists available at ScienceDirect

Infrared Physics & Technology

journal homepage: www.elsevier.com/locate/infrared

. Regular article

s- Advances in III-V semiconductor infrared absorbers and detectors

David Z. Ting", Alexander Soibel, Arezou Khoshakhlagh, Sam A. Keo, Sir B. Rafol,
" Anita M. Fisher, Brian J. Pepper, Edward M. Luong, Cory J. Hill, Sarath D. Gunapala

| Center for Infrared Phomdetectors, NASA Jet Propulsion Lobaratory, California Insinue of Technology, Pasadena, CA 91109, USA
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When bias > 4V
QE peaked close to 100%
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l1I-V lab presentation

Energy (eV)

generation rate
o
3

a
o
ImTrTTTTTTTTTTTTTT

Tgeh=2US, Tnsh=ZHS

: 107
I ° [
| p F=2T
U i @ 10"
i : SR c 10"}
i o ur
P InGaAs ' 'ﬁ 0 F

V=200, Tae=2ps | 11
nGats | an i : o 10 r
: - C

Q

i 4

——rgsrh | \

auger

1.5 T T T
— aefp
10 Mains —— aec
1e18 cm-3 L InGaAs — aev
1e19 cm-3
0.5 -1
0.0 fi |
SR
5e15 cm-3
0.5 -1
InGaAs
5e15 cm-3
-1.0 - -
15 1 1 1 1
0 1 2 3 4

ThaIesA_Ier%

Space

& Thales / Leonardo company

m)

1-v lab

current density (A.cm-2)

InGass

SR

InGaAs :
Tn=20M8, Ty =2045 !
SR :
o= 2US, Toep=2H5

— 1gsrh
auger

\

N
o
»
@
<

¥ fum)

InGals

Toar=20ps, Tgrn=20ps
SR

T 2HS, T =2us

Polarization (V)

=norsk

leti elektro

Ceatech

5 6

)

Current density (Alem™)

Science & Technology Facilities Council

FETTE PERTI RS FRETE FETHE FERTY FRTTS PURTY ATETE FERS Prwe]

T T T
ACB4 HG :

293K ——100mu—— 150mu-= - - - 200mu
230K ——100mu 150mu - - - - 200mu
250K ——100mu—— 150mu- - - - 200mu
270K 100mu 150mu 200mu
292K =——100mu——150mu= == - 200mu

310K —100mu——150mu

generation rate

“optikk.. @ Rutherford Appleton Laboratory

1 2 3 4 5
Bias (V)
24 [ T -
22 [ .
20 [ ]
15 [ ]
16 [ _
SR
wa ]
C | |/ ncars : ]
w2 H 1L =200, 1,=20us ]
C {lmeaas | &R " : 4
10 [ { Tpn=2MS, Tnsm=2HS -
s l- : : .
. — rgsth , 4
o . auger E
i 1 1 .
1 2 3 5
X (pm)
The
University

Of

Sheffield.



Outline

Objective

Transport in InGaAs/GaAsSb super lattice
Localization issues in T2SL
Localization in ZA / InGaAs VB valence band offset

Playing with strain compensation
Toward decent QE

Conclusion & perspectives

The
University
o Of
Sheffield.

i -norsk
Tha |eSAIeﬂI a l ,l/_;\ifg . . E|E|(tl"ﬂ & Science & Technology Facilities Council

)¢ [ optikk.. @ Rutherford Appleton Laboratory <




Lattice matched InGaAs / GaAsSb

m ¢ from 3m, (2,1um) to 30m, (2,5um)
AE, y>4KkT

(Approximate Alignment to Gold)
(=]

Unstrained Band Edge Alignment (V)

InGaAs in extension / GaAsSb in compression
Redshift but heavy holes (>100m,)

InGaAs in compression / GaAsSb in extension
LH / HH inversion or AE,,,, ,, ~kT

Blue shift
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Strain compensation
5000 ppm achieved in InGaAs

Defect density increase with strain
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Energie (eV)

» Introduction of InAs to decrease VBO

» AC83

® Strain compensation achieved up to 5000ppm

“ Layers compatibles to 2,1um
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0V, 294K & 1546nm

AC619 delocalization effective

2,1um achieved 70"""""""""":

Following AC83 / AC84 - D pgy A M

AC618 with still localization 50 e .
— AC619

2,9um for 2,5um @250K

Strong localization

QE (%)

Sample ReP@1547nm  Rep @1547nm  QE @1547nm/ 0V

without ARC with ARC / 300pm / RT / ARC

P91 418 597 60% -
AC84 210 300 30% AN e ol
AC618 83 119 12% 1.0 1.5 2.0 2.5 3.0
AC619 249 355 36% Lambda (um)
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Uncertainty with QE
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Conclusion

Localization of hole is a strong issue in InGaAs / GaAsSb T2SL

Improvement with :
Strain compensated InGaAs / GaAsSb
Introduction of InAs into InGaAs

Solution based on InGaAs / GaAsSb available for

Cut off wavelength up to 2,1um
Dark current density larger than rule 07

Issues
Minority carrier lifetime bellow 300ns
Low FTM in 2D arrays with diffusion length larger than 40um
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