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Quantitative evaluation of conduction band structure with visible-light
photoelectron spectroscopy

Ujihara, Toru
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In many electric devices, the behavior of electron in conduction band defines the
performance of the devices. Therefore, the evaluation of conduction band structure is critical to design
electrical devices. In this study, we evaluated the conduction band structure bz using visible-light
photoelectron spectroscopy developed by our group. In particular, we developed how to evaluate the
wavenumber information. We successfully developed the method of determination of wavenumbers and we
applied this method to evaluate the GaN conduction band.

In addition, we evaluated the band structure of conduction mini-band in semiconductor superlattice.



70

(D

VPS:
Visible-light  angle-resolved  Photoemission
\ ‘@, BFBEABBRCLOT
RFIN RPRy by UPZFIRINE
{75 BEDENRRTEZET

40%, 50%, 60%!!

RERONE
FHEREY (CORUR

= R KRR LR UPRE

¥ Q

B CHREB N, FALEEETER ‘@’
/4|
EEBFRFESICVWBIOH?
FR/> RPRY P UTE
AYCFALTWSH?

1:
Spectroscopy
26
XPS, UPS
UPS XPS
VPS
2
NEA( )
NEA
CsO
NEA(C &K D EZEHE(T
BAEET FFSAYT
Rmmp—— ¢ | o

== kRS L4
==k W0 00 g
0 O

ANNNNN AN
BFH 58— o
B BFHEZELE
I R UTHE

REE R=
NEARME

{HEFH

NEA

X (XPS) (UPS)
VPS
PN XPS,UPST (. BT
/ C—) DSRRENARE >
[ \ RS
BHZeHEf]
AT TIFEIHRE - ok
EENZAEEFHME
s >0
SRR 8 DvmE
BT //////;;{/ X
L
3: XPS UPS VPS
26 GaAsP/InGaAs
27
4 VPSS VPS
NEA
NEA
VPS
5.0x10™® Pa
NEA

Cs O, NEA



NEA
Vacuum surface
level \ \
Conductiop
band O\\
Excited by [
visible-light E,
Valence Y
band 3 bana
Semiconductor Vacuum Analyzer
Voltage source White light 5: VPS
- Electrostatic
specmen L7 = } hemispherical
analyzer E- EF — Em +¢ana —eV (1)
Gr.;l.:nd
Em ¢ana
Cs dispenser 6
[l—L1 Oxygen tank
z
X
4: VPS
z
X
X
p-GaN :3.3x%
10"cm™
k=K, =K', @)
GaN
(Energetiq EQ-99)
(SM300-CUSTOM-JP) Analyzer
hv=2.5~4.5eV
Vacuum
5
E-Er
NEA
Ex
\%
E EE, 6:




Analyzer

K, Omax, »~ u
”’
E_EK-eV - K,X Vacuum
KZ
E=EK _‘ ----- KX
k Semiconductor

nk, = 1K' = J2m(E, — eV )sin 0 3)

m

K' . =ak, “
a
7
90°
0=01max
emax
K

hk, = J2mE, )

nK' = 2m(E, —eV)sinb,,, (6)

aE)="K_ BN G @
ik, E.
emax EK V
p GaN
8 GaN

Intensity (a. u.)

Ey (eV)

emax

80.0 j
FBBAMEBE e
79.5 R 2
2
Z

79.0

Low

78.5

78.0 ¢

77.5

77.0

-10 5 0 5 10
Emission angle (deg.)

8: GaN

1.5 20 25 3.0 35
E-E: (eV)

-5°

(‘6ap) g s|bue uoIssILT



(6)

25
20k |
1sf i
10 o |
o5f | |
0.0 | | | | |
771 772 773 774 775 776 T1.7
En (eV)
10:
a
8 emax
10 (7)
o o
8
a (4)
InGaAs/GaAsP
0
4

"Direct observation of electrons transported
in second conduction mini-band of a
semiconductor superlattice by visible-light

photoemission spectroscopy”, F. Ichihashi, K.

Nishitani, X. Dong, T. Kawaguchi, M.
Kuwahara, T. Ito, S. Harada, M. Tagawa, T.
Ujihara, February 15, SPIE Photonics West
2016, The Moscone Center San Francisco,
CA, USA, February 13-18 (2016)

" GaP

2016 63
2016 3
20 2016

"Temperature Dependence of the Energy
Distribution of the Conduction Electrons in
GaP Single Crystal", Fumiaki Ichihashi, X.
Dong, T. Kawaguchi, M. Kuwahara, T. Ito, S.
Harada, M. Tagawa and_T. Ujihara, October
27, 10th International Symposium on Atomic
Level Characterizations for New Materials
and Devices'l5 (ALC’15), Kunibiki Messe,
Matsue, Shimane, October 25-30 (2015).

“ GaP

2015 9 16 19

http://www.aip.nagoya-u.ac.jp/unite/jp/detail/000

0159.html

o
UJIHARA, Toru
60312641

@

®



