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Dynamical neutralization process
(LEPD scattering)
EPs ~ E+_ 0N 'Einelastic+6'8ev

Ps is easily formed at solid surfaces
due to its various formation channels
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Material classification by conductivity and Ps formation

Insulator Semiconductor  Semimetal Metal
Conduction Conduction Conduction Conduction Conduction  Conduction
band band band band | band band
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B o c0 e e
_ E 3~@ey 8~12 Carrier density
i Gg 5~ 7 Carrier density . ~1020cm=3 ~1023 cm?3
E. 2106V ~1015-1020 cm? | |
g 2~3 g Dielectric screening . Free electron screening
Carrier density Small--Large Large
~NULL Direct |
i i i Ir . ;
Dielectric screening ec Indirect |[e_: Band gap energy
Small | . | £ : Dielectric constant
Ps emission process
Bloch Ps & ' > SITSSH PO ~ No Bloch Ps

its emission 2777 Ps formed at surf.
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Parameter-free GGA calculation

SiC
GaN, AIN

Bulk calculation

Slab calculation

A, D, Surface ¢p. P, Eg
Si -6.38eV [-0.42eV | (111) | +4.56eV | +1.82eV | +2.70eV
(001) | +4.54eV | +1.84eV | +2.41eV
4H SiC | -4.71eV | -2.10eV | (0001) | +6.44eV | -1.74eV | +2.24eV
h GaN | -4.74eV | -2.06eV | (0001) | +6.55eV | -1.80eV | +2.45eV
h AIN | -4.12eV |-2.68eV | (0001) | +7.97eV | -3.84eV | +3.08eV
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Slab calculation

Surface P P, Eg
Si (111) | +4.56eV | +1.82eV | +2.70eV
(001) | +4.54eV | +1.84eV | +2.41eV
4H SiC (0001) | +6.44eV | -1.74eV | +2.24eV
h GaN (0001) | +6.55eV | -1.80eV | +2.45eV
h AIN (0001) | +7.97eV | -3.84eV | +3.08eV
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Slab calculation

Surface P (O
Si (111) | +4.56eV | +1.82eV
(001) | +4.54eV | +1.84eV | +2.41eV
4H SiC (0001) | +6.44eV | -1.74eV | +2.24eV
h GaN (0001) | +6.55eV | -1.80eV | +2.45eV
h AIN (0001) | +7.97eV | -3.84eV | +3.08eV
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Material Characteristics Treatment
Si(111) Sb-dope (n:1x1018cm-3) | HF & UPW cleaning
4H SiC(0001) | N-dope (n:1017cm™3) HF & UPW cleaning
h GaN(0001) | Undope (n-type) Ethanol cleaning
h AIN(0001) |Undope Ethanol cleaning




Experiment

; detector™
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(B1) 2 exp(t /142)Nqr (1)
dE TOF Spectrum
L Energy Spectrum

t=Lvm/E  Npop(t) > Nyop (E)

Material Characteristics Treatment
Si(111) Sb-dope (n:1x1018cm-3) | HF & UPW cleaning
4H SiC(0001) | N-dope (n:1017cm™3) HF & UPW cleaning
h GaN(0001) | Undope (n-type) Ethanol cleaning
h AIN(0001) |Undope Ethanol cleaning

Transfer into UHV chamber
- Heated to 1000 K
- Cooling to 423 K, then measurement
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Ps TOF spectra for semiconductors
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Ps TOF Monte Carlo Simulation (by Maekawa)

Scintillation detector

Lead slit

----------------------

.............................

Detectable region Emission point —R’ _
(Energy E,., Angle a) T\Q

Ps TOF spectrum n, (T)

J

0-Ps annihilation point

ds((D — R) - n)

(D = R)?

—T
ds exp <

Sin & cos @
R =Ry+ VpsT| sinasing
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142[ns]

)

QG (t)



Ps TOF Monte Carlo Simulation (by Maekawa)
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How to think Ps energy and angle?
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(GaN, AIN) (Si, SiC)
\@/)sitrw
7+ band TN

—-——
—-—
-

Sy Valence band

1
\ / .
1
1
1
- 4 1
1 1
1 1
1 1
1 1 |
1 . .

[ point [ boint



How to think Ps energy and angle?
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Experimental and simulated Ps TOF spectra
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Experimental and simulated Ps TOF spectra
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Summary and prospects ppc12.5

Ps emission from Si, SIC, GaN and AIN has been
studied through Ps TOF method.
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Summary and prospects PPE12.5
Ps emission from Si, SIC, GaN and AIN has been
studied through Ps TOF method.

Two Ps components are found :

(I) Valence electrons,

(II) Excited states above valence band.
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Ps TOF spectroscopy is effective to study Ps

energy distribution.
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Summary and prospects PPE12.5
Ps emission from Si, SIC, GaN and AIN has been
studied through Ps TOF method.

Two Ps components are found :

(I) Valence electrons,

(II) Excited states above valence band.
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V.B. , V.B.
Ps energy
Ps TOF spectroscopy is effective to study Ps
energy distribution. However, for more precise
arguments including angle distribution, some
new methods need to be developed.
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Summary and prospects PPe12:5

Ps emission via excited electron state
->Application to Positron Spin Filter?
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