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Epitaxial growth of largely lattice-mismatched thin films on GaAs and its
application to infrared photodetectors
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Towards the realization of low-cost, high quality infrared photodetectors,

we have developed metamorphic growth of In(Ga)As on conventional GaAs substrates and investigated
their potential application to photodetectors. We investigated the InAs growth on GaAs(111)A under
various growth conditions. We optimized the growth and found the relationship between the threading
dislocation density, X-ray diffraction rocking curve, and mobility. We have also developed a new
type of infrared photodetectors in which metamorphic interface of InAs/GaAs(111)A plays an important
role. The photodetectors exhibit low dark current properties at 77K due to the dislocation-free
GaAs barrier. By illuminating infrared light, clear photocurrent signal was observed. After
optimization of the device structures and the measurement systems, we succeeded in the infrared
light detection at room temperature with a cutoff wavelength of 3um.



Society5.0

PR R EEE=AYLS

ok g

15
3um FERE AT =
« )
GaAs InP
InP INo.53Gao.47AS 1.7um InP  GaAs
4um
InxGaixAs In x>0.53
In
um
In X) InxGaixAs
INAs
ATLAS In INnGaAs GaAs(111)A
ATLAS
1ni-v
GaAs InGaAs
GaAs(111)A InAs
InAs/GaAs(111)A
(1) GaAs(111)A InAs
ATLAS GaAs(111)A InAs
InGaAs
InAs
InGaAs
TEM InGaAs
InAs
InAs
GaAs(lll)A 300nm InAs Ino.sGao.2As/INAs/GaAs(111)A
420 500 TEM

420 3



420

460 TEM
1.5x10%/cm?>  8.0x10%/cm?
(
4) 77K 7.02x10°
cm?®/Vs 400 1.2x10* cm®*/Vs 460
500
460
InAs111
1000

InAs InAs (111)A

GaAs(111)A

T as0°C
| BB 8.0x108/cm?

0.2 (400 ) 0.28 (500 )

5ML  InAs 220 320

300nm  InAs 460
5 5
RMS 0.7 0.8nm 460
RMS  1.14nm 300nm-InAs/GaAs(111)A  AFM
0.3
500
TEM 2.5%10%/cm?
460
(2) InAs/GaAs(111)A
InAs/GaAs(111)A
InGaAs
InGaAs pn InAs/GaAs(111)A

20nm-Si-InAs(2x10'8/cm?)

300nm-Si-InAs(5x10'7/cm?3)
S5ML-InAs
10nm-GaAs

50nm-n-GaAs (1x10'8/cm?)

n-GaAs(111)A

57

s 631060 -
. 54

58
CLERE]

6 7 InAs AFM  XRD



GaAs(111)A 520 n-GaAs (Si: 1x10%/cm® + 10nm-undoped-

GaAs 460 SML-undoped-1nAs + 300nm-n-InAs (Si: 5x10Y/cm®) + 20nm-
n-1nAs (Si: 2x10%/cm®) GaAs InAs
200x200pm?
( 6) InAs 0.2 0.3W/s v
1ML/s
7
XRD
77K 8
InAs  GaAs 109
—~ 1074
Ng 10‘;1
102
< 107
GaAs InAs = 10*
v 2 10°
3 10
InAs  GaAs e 1074
g 10°4
GaAs 5 10° 77 K
© 10'::’ Dark
}gjﬂ’ —— with IR light
1 5 2.0 —1l.5 —1'.0 -0|.5 070 0?5 1!0 115 2i0
) Voltage (V)
8
s ‘ —1.0v]
2 102 :
< ?
9 100 2 3
= 10° .,
2 é
InAss & - \h
3 2 = ’,
. [100K r
2000 2500 3000
GaAs Wavelength (nm)
9 100K
GaAs
©)
(11DA InAIAS/ InP(111)A InAs
S-K
InAs/GaAs
InAs

InAs



Ohtake Akihiro Mano Takaaki Sakuma Yoshiki

10

Strain relaxation in InAs heteroepitaxy on lattice-mismatched substrates

2020

Scientific Reports

4606-1-4606-7

DOl
10.1038/s41598-020-61527-9

Mano Takaaki Ohtake Akihiro Ha Neul Noda Takeshi Sakuma Yoshiki Kuroda Takashi Sakoda
Kazuaki

21

Annealing-Induced Structural Evolution of InAs Quantum Dots on InP (111)A Formed by Droplet 2021
Epitaxy
Crystal Growth & Design 3947 3953

DOl
10.1021/acs.cgd.1c00276

1 0 0
InAs/GaAs(111)A
69
2022
0
1
2021-191169 2021




(OHTAKE AKihiro)

(30267398) (82108)
(KAWAZU Takuya)
(00444076) (82108)




