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Overview

Astatic atomic displacements in metastable 111/Vs

Astructural and compositional characterisitcs of dilute
bismide I1l/Vs

ABi-ordering & clustering
ABi-surface segregation

Agrowth mechanism around metal droplets




Quantification of bond distortion:

virtual crystal dilute nitride dilute bismide

As

from Valence Force Field calculations:
static atomic displacements (SAD):

SAD Ga(NAs): -14.3% of bond length

SAD Ga(BiAs): + 8.3% of bond length

important for scattering contrast simulation!




Dilute Bismides:
Structural characteristics

U high-resolution X-ray diffraction:
Panalytical X Pert Pro, (220)/(220) Ge monochromator
Aw-2q scans
Adynamical simulation => composition, layer thicknesses
(elastic constants, lattice constants from PRB 73, 115107)

U transmission electron microscopy:
AJEOL 3010: chemical sensitive dark field images,
| ~ |feal (XfBi+(1-X)fAs)|2

high resolution

AJEOL 2200FS: high angle annular dark field images
| ~ Z2




[Bi]= 5%, Tgrowth =310°C
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chemical sensitive (002) dark field micrographs

[Bi]= 8 %, Tgrowth = 245°C

[Bi]= 11.4 %

Samples: T. Tiedje . b



Homogeniety accross sample

chemical sensitive (002) dark field micrographs

[Bi]= 5%, Tgrowth =310°C

[Bi]= 8%, Tgrowth =245°C

samples inhomogeneous on millimeter length-scale
Samples: T. Tiedje



iIncreasing [Bi] = 16%

chemical sensitive (002) dark field micrographs

[Bi]= 16%, Tgrowth =225°C

-4000

Samplgg: TTledJe




Increasing [Bi] = 20%

chemical sensitive (002) dark field micrographs

[Bi]= 20%, Tgrowth =210°C

- Bi-clustering (~2-5 nm)
- surface roughening
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Samples: T. Tiedje



Ga(BIAs) growth mechanism: Bi-segregation

X-section HAADF

- Bi-surface segregation
- amorphous, Bi-rich top-layer
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Samples: T. Tiedje



Ga(BIAs): influence of Tgrowth on structural quality

Tgrowth = 250°C Tgrowth = 300°C
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structural quality degrades with increasing temperature




Bi-concentration e growth temperature
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high temperatures => significant drop of [Bi]
- desorption from surface or
- enhanced segregation to the barrier




Bi-concentration in GaAs barrier e growth temperature
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high temperatures => increase of [Bi] fraction in barrier




Ga(BIAs) growth mechanism

of t en:

Samples: T. Tiedje

metal droplet
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[Bi]= 8%, Tgrowth =245°C
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Ga(BIAs) growth mechanism

growth
start

Y critical Bi-concentration

Y incorporation

Y fed by metal droplets

Y form at beginning of growth
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Samples: A. Krotkus, Lithuania



Bi-ordering

[Bi] = 5%
Tgrowth = 310 °C

strain undulation
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Samples: T. Tiedje



- 5 B EERE BB E
.......

0

Bismuth ordering (CuPt)

o 0C
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- ordered domains (app. 2-3 nm)
- inversion domains (ID)
- seperated by disordered regions

mmm  Structure &
Technology

) Research
= Laboratory

Samples: T. Tiedje



SUMMARY

- structural quality of dilute bismides significantly improved,
- up to 20% Bi
- Bi clusters,

- CuPt ordering on nanometer lengthscale

=> check with different composition samples

- homogeniety (@ mm length scale) across wafer still big issue
e PL correlationé

- growth mechanism: - Bi surface segregation,

- incorporation as critical Bi fraction exceeded

- fed by metal droplets (Bi replaces As)



