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Lab. HXPS System:3 Key Components
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(b)

Ray trace calculation at 1 keV (a)'

WO

#) Soot Prdfile
FWHM:O.,ﬁmm
g
- % - _
- - Experlmental result E \\ _
0 K OF 100 linear fit 200 _@° 300 SRS -
ot o[ Y= 0027+)19xX o8 ¢ 3 4.+ 5 %
+= - - e
Sy b 098




Monochromatic Cr Kot Focused X-ray Source
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X-ray beam: 10 um @1.0 W ~ 200 um @50 W, Min. X-ray beam size: 9.9 um



Basic performance
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Basic Performance of HEARP Lab
HfO, (4 nm) / SiO, (1 nm) / Si(001)
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Basic Performance of HXPS Lab. System
Sensitivity and Energy Resolution
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Basic Performance of HXPS Lab. System
Acceptance Angle and Angle Resolution

2D detector Image of Au 3d (3.2 keV)
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How deep can we see by HEAR PLab system?

Si 1s spectra at 80°take-off angle
on SiO, (4.1, 7.5, 10 and 25 nm)/Si

SIO, X10

substrate Si 1s in SiO, IMFP
~8.1 nm

:25nm l

10nm The signal of 95% comes
from 3l in thickness, so the
substrate peak for 25 nm
7 5nm SiO, will appear.
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The applicability of the system to detect the depth information of
layered materials more than 20 nm thicknesses was confirmed.



Comparison of performance

Beamline system Lab system
photon energy 6 /8 keV 5.4 keV
X-ray spot size Tum x 3um 10/ 100/ 200 ym

typical IMPF (Si 1s)

10.7 nm (8 keV, cal.)

6.8 nm (5.4 keV, cal)

energy resolution 0.25 eV 0.5eV
angular resolution 0.3 deg 0.5 deg
typical throughput

(Au 4172, 1-2 sec 2-3 min (100um)

angle integrated mode)




Examples of Lab System Application in
angle resolution mode



X-ray Photoelectron Diffraction of SiO,/Si(001)
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The kinetic energy of the Si substrate Si 1s photoelectrons was 3569 eV.

Igor PiS et al., Appl. Phys. Express, 3 056701 (2010)



TOA dependence of Si 1s spectra

(a) Natural Oxide (b) t,, =4.1nm (c) tox = 7.0nm
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reduces the XPD modulation in substrate Si1s
intensity.
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Evaluation of Attenuation Length and Thickness
for SiO,/Si by Sample Rotation
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d : overlayer thickness

Iy : peak intensity of S1 substrate

[, :peak intensity of S10, layer

L : electron attenuation length in S1
L, : electron attenuation length in S10,
ng : atomic density of Si substrate

n, : atomic density of Si0, layer



Evaluation of Attenuation Length and Thickness for
Si0,/Si by Sample Rotation
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Estimated Attenuation Length Thickness by ARXPS (nm)
(5.6+£0.6) nm for Si

(7.0£0.4) nm for SiO,

IMFP from TPP2M Practical EAL is less than IMFP by 7 ~ 32 %[1],
6.7 nm for Si and ‘ so that good agreement.

81 nm for S|02 [1}C. Powell et al. Surf. Interface Anal. 2002; 33: 211-229




Application to a multilayer system
Ir(8nm)/HfO,(2.2nm)/SiO, (0-1 é)g nm)/Si(100)

To Analyzer

o
Ir (8 nm)

‘ HfO, (2.2 nm)

SiO, (0-10 nm)
Si (Substrate)

} Max 20.2 nm

— <

Move sample

Ir(8 nm)/HfO, (2.2 nm)/thickness-graded SiO, (0-10 nm) /Si(100) sample
Y. Abe et al., Jpn. J. Appl. Phys., Vol. 48, pp. 041201-1~6 (2009)

Can we monitor profiles buried layers and its interfaces under overlayer
of 10 nm thickness?



Ir(8 nm)/HfO,(2.2 nm)/SiO, (0-10 nm)/Si(100):SR
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Charaoe at Ir(8nm)/HfO,(2.2nm)/SiO, (0-10 nm)/Si(100)
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Effect of charge at HfO,-SiO, interface on the Si1s peak positions is visible
under the Ir overlayer of 8 nm thickness.



Operand observation
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1.5

1.0

0.5

0.0

-0.5

-1.0

-1.5

-2.0

-2.5

3195 3200 3205 3210 3560 3565 3570 3575

Kinetic Energy (eV) Kinetic Energy (eV)

Sils HXPS in MOS under Bias Application
Au(10nm)/Si0,(3.6 nm)/p-Si/Au

]

Au electrode

Crka(Ef5408.46eV),
Au:10nm PE=200eV,SIit:C08
TOA=85deg, Bias Voltage step100mV

Collaboration with Toray Research Center,
- Au electrode A.Yasui, S. Ogawa, and M. Miyata,
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Sils HXPS in MOS under Bias Application
Au(10nm)/Si0O,(3.6 nm)/p-Si/Au

0.4 __10°%
) i E
0.2 S 10%
B 0.0t % 101;_
o 02t c 3 ]
= ' © |, of _
I O 10°¢ .
E -04+ @ g 5
© 1L ]
2 -06¢ & 10
08 8 102]
10| - £ 1
— £ 10”
-15 10 05 00 05 1.0 15 £ -3 2
Bias Voltage (V) Bias Voltage(eV)
Be Bto (a) zero bias (b) negative bias
O 0 0
C metal
p(E) = (e ) (dAV/dE)
EFm VBM

T _eAVox

- (iz) (ddf) (1 _l%}f)

Collaboration with Toray Research Center, A.Yasui, S. Ogawa, and M. Miyata,




Summary

eLaboratory type Angle Resolved HXPS system was developed,
and evaluated to be a promising tool for the investigation of bulk
and thin solid film materials.

eXPD 2D pattern of Si 1s is obtained within ca. 24 hrs.

eSample rotation ARXPS is useful method to average (or reduce)
the XPD modulation effect.

*25nm deep is accessible by the laboratory system.
eBuried layer profiling is feasible.
eOperand observation of a MOS structure demonstrated.

e Ambient pressure HXPES is our next target.



Activities in HISOR

Toward bulk sensitive high resolution spectroscopy at
very low energy excitations.

Due to its high bulk sensitivity, it is expected to be
complementally to HXPES.

( in case of materials with gap, it is clear. Not so clear in
case of metal due to scattering channel by single
particle excitations.)



High-resolution PES with tunable synchrotron radiation
to study electronic structure of solids
from VUV to hard X-ray
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A schematic view Fermi surface size
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Lab-HXPES system® sHill-BUA M & A & B U E-

New mesh: 100 mesh
Lens mode: angular
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Oxide thickness determination in SiO,/Si(001)
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Ir(8nm)/HfO,(2.2nm)/SiO, (0-10 nm)/Si(100)
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*The Si 1s photoelectrons from the substrate at kinetic energy of 3569 eV
are still observed through 20 nm thickness overlayers.

*The peak shifts of SiO, in O 1s spectra and both SiO, and Si in Si 1s
spectra were observed, due to the change of the thickness of multilayer.



