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GaPN(As)/Si GaInP/GaAs/Ge

Motivation

J F Geisz and D J Friedman Semicond. Sci. Technol. 17 (2002) 769–777

Optoelectronic devices 
grown on Si

Multijunction solar cells 
on Si substrate

Integration of III-V with Si

GaP (Eg 2.26 eV) 
has the smallest lattice mismatch 
beyond III-V binary compounds 

(<0.4%) to Si

- nucleation layer for III-V 
multijuction solar cell grown on Si 
substrate

- appropriate wide gap emitter for Si 
based sub-cell 



R. Varache et al. // Energy Procedia 77 (2015) 493-499

Significant lifetime degradation of Si wafers after annealing in

Motivation

Low temperature nucleation process, which provides 2D growth? 

Pre-treatment for Si surface deoxidation and reconstruction  High T  900C

Growth 600-750 C

Epitaxial growth of GaP requires high temperature

L. Ding et al. // Energy Procedia 92 (2016) 617

MOVPE chamber 

MBE chamber 

Atomic layer deposition (ALD)



Low Temperature Plasma enhanced 
atomic layer deposition (PE-ALD)

GaP layers were grown on Si (100) 4 cut off 
substrates

Oxford Plasmalab 100 PECVD

at T=380 C
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Increase of the RF power pulse 
during deposition step
leads to transfer from

amorphous to microcrystalline 
GaP growth 

Ga P

 

10 nm 
Si 

GaP 

300

400

500

600

700

800

900

320 340 360 380 400 420 440

In
te

n
s

it
y,

 a
.u

.

Raman shift, cm-1

20 W

200

400

600

800

1000

1200

1400

1600

320 340 360 380 400 420 440

In
te

n
si

ty
, a

.u
.

Raman shift, cm-1

200 W

50 W

100 W



TEM of GaP/Si interface
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GaP 

Si 
substrate 

GaP 

Si 
substrate 

a-Si 

5 nm 

Epitaxial 2D growth 
of 3-5 nm GaP on Si substrate

H2-plasma process

Microcrystalline structure
of GaP films

Filtered TEM 
image

TEM image
of a-Si/epi-GaP/Si

Hydrogen plasma 
leads to damage of Si substrate 
(30-50 nm near to the interface)

GaPSi

GaP

Si

Dark field TEMBright field TEM
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Photoelectrical properties of n-GaP/p-Si 

External quantum efficiency 

Defects in Si near to GaP/Si interface lead strong recombination losses 

p Si (1016 cm-3)

Back contact

n GaP (Si) 50 nm

Contact grid
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Voc 0.2-0.3 V
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TEM of GaP/Si interface

GaP 

Si 
substrate 

5 nm 

5 nm 

GaP 

Si 
substrate 

No H2-plasma process

Epitaxial 2D growth 
of 3-5 nm GaP on Si substrate

Microcrystalline structure
of GaP films

Filtered TEM 
image

damage of Si substrate is not 
observed by TEM

Dark field TEMBright field TEM

Si

GaP

Si

GaP
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External quantum efficiency 

Better photoelectrical properties 
compared to H-plasma process but still 
lower compared to amorphous

p Si (1016 cm-3)

Back contact
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Contact grid
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Voc 0.2-0.3 V

Voc ~0.5 V

Voc 0.4-0.5 V

Defects are still created by high power plasma
Presence of hydrogen? 
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Influence of thermal annealing 
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PE-ALD without H2 plasma
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First MOCVD growth of GaP on GaP/Si templates 

Si substrates 
cleaning by 
the Shiraki 

method  
A. Ishizaka, Y. 

Shiraki, J. 
Electrochem. Soc. 

1986, 133, 666

HF dip
(oxide removing,
H-passivation)

PE-ALD
of ultrathin 

GaP

Transfer
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MOCVD growth 
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Aixtron AIX 200/4
T 380 °C T 600 …725 °C

Ar plasma activation
20 cycles (3-5 nm)

No plasma activation
30 cycles (3-5 nm)

Si
GaP

GaP

Si Si Si
GaP

Si
GaP

GaP

Si Si Si
GaP

Ar plasma



MOCVD growth @ 600 °C MOCVD growth @ 650 °C MOCVD growth @ 725 °C

XRD for GaP grown on GaP/Si templates 
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Raman spectra of GaP on Si
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Conclusions

 epi-GaP/Si interface fabricated by PE-ALD are stable 
with temperature up to 750 C

 PE-ALD GaP without H2 plasma provides better 
interface properties

 Ar plasma surface activation during PE-ALD could 
provide better crystalline properties for further GaP 
growth  
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