
Supporting Information

Solid-source vapor growth and optoelectronic properties of arsenic-based layered 

group-IV monopnictides 

Syu Kagami1, Noriyuki Urakami1,2, a), Yuichiro Suzuki1, and Yoshio Hashimoto1,2

1Department of Electrical and Computer Engineering, Faculty of Engineering, 

Shinshu University, 4-17-1 Wakasato, Nagano 380-8533, Japan

2Research Initiative for Supra-Materials, 

Shinshu University, 4-17-1 Wakasato, Nagano 380-8533, Japan

Electronic Supplementary Material (ESI) for CrystEngComm.
This journal is © The Royal Society of Chemistry 2022



Ag Mode

0 45 90 135 180
Degree[°]

In
te

ns
ity

[a
.u

]

92cm-1

114cm-1

In
te

ns
ity

[a
.u

.]

0 45 90 135 180
Degree[°]

In
te

ns
ity

[a
.u

.]

131cm-1

0 45 90 135 180
Degree[°]

In
te

ns
ity

[a
.u

.]

166cm-1

0 45 90 135 180

189cm-1

Degree[°]

In
te

ns
ity

[a
.u

.]

0 45 90 135 180

420cm-1

Degree[°]

In
te

ns
ity

[a
.u

.]

0 45 90 135 180

485cm-1

Degree[°]

In
te

ns
ity

[a
.u

.]

0 45 90 135 180

520cm-1

Degree[°]

In
te

ns
ity

[a
.u

.]

0 45 90 135 180
Degree[°]

In
te

ns
ity

[a
.u

.]

392cm-1

Bg Mode

0 45 90 135 180

76cm-1

Degree[°]

In
te

ns
ity

[a
.u

.]
In

te
ns

ity
[a

.u
.]

99cm-1

0 45 90 135 180

375cm-1

Degree[°]

In
te

ns
ity

[a
.u

.]

FIG. S1. For SiAs film, angle-dependent Raman intensities for the active vibrations of nine Ag modes 
and three Bg modes. 
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FIG. S2 For SiAs film, angle-dependent Raman intensities for the active vibrations of nine Ag modes 
and three Bg modes. 



SiP

SEM EDX

Si P

10µm 10µm10µm

10 15 20 25 30 35 40 45 50 55

00
2

00
3

sa
pp

hi
re 00

4

00
6

sa
pp

hi
re

00
8

2[deg]

In
te

ns
ity

[a
.u

.]

 

A1 Mode

107 cm-1

166 cm-1

In
te

ns
ity

[a
.u

.]

0 45 90 135 180

170 cm-1

Degree [°]

189 cm-1

0 45 90 135 180

307 cm-1

Degree [°]

262 cm-1

493 cm-1

0 45 90 135 180

518 cm-1

0 45 90 135 180

554 cm-1

Degree [°]



0 45 90 135 180

114cm-1

0 45 90 135 180

142cm-1

Degree[°]

0 45 90 135 180

443cm-1

0 45 90 135 180

458cm-1

0 45 90 135 180

466cm-1

Degree[°]
0 45 90 135 180

Degree[°]

502cm-1

134cm-1

In
te

ns
ity

[a
.u

.]
A2 Mode

FIG. S3. SEM images with elemental analysis of EDX for SiP. XRD profile of wide-range 
symmetrical ω/2θ scans for SiP film. Side view and top view for the crystal structure of layered SiP. 
The green and orange balls represent Si and P atoms, respectively. Angle-resolved Raman spectra of 
SiP rectangular films. The insets show the digital images of the film angle. Angle-dependent Raman 
intensities for the active vibrations of A1 modes and A2 modes.
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FIG. S4. Angle-resolved Raman spectra of SiAsP rectangular films with the As (P) composition of 
0.74 (0.26), 0.71 (0.29) and 0.69 (0.31), respectively. The insets show the digital images of the film 
angle. Angle-dependent Raman intensities for the active vibrations.

Output characteristics of GeAs FETs
d=173 nm
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FIG. S5. Output characteristics of GeAs back-gate FETs with various film thickness (d = 28, 81 and 
173 nm).


