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赤外光励起による不純物拡散の試み２

選択的拡散を目指したレーザー設計３

• 産業応用からの

• エネルギー緩和機構からの
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Laser-frequency dependence of
18O diffusion enhancement
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赤外光励起のメリット
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Phonon decay

フォノンのエネルギー緩和の研究
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5-2 story ghost peak

W. Richter and K. Ploog, 
Phys. Status Solidi B 68 (1975) 201.

Story of the ghost peak

Raman spectrum of α-boron
Ghost peak

• ∆ω < 1 cm-1

unusual properties

• librational mode
   why so high ω ?

• no pressure dependence
   no anharmonicity ?



3-8 in solids
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probing light cubic anharmonic terms

2-phonon DOS



5-2 ghost of B

phonon linewidth

K. Shirai, H. K.-Yoshida, J. Phys. Soc. Jpn. 67 (1998) 3801
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5-3 H vibration

decay time of H in Si

in the bulk ~ 1 ps

cf.  

on the free surface ~ 1 ns

K. Shirai, et al., submitted to PRB
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3-11 Results
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3-14 example of O

Resonance effect on O mode

ω
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4-1 Power dependence

Power Dependence

B mode
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4-3 IR laser

Power consideration

τphonon < τpulse < τdecay 

τrelax

input power

t

τrelax

input power

t

τpulsephonon decay



Diffusion condition

D = D0 exp(–Q/kT)

D [cm2/s] = 0.194 exp(-2.54[eV]/kT)
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power balance

Ppulse = 3x105 W/cm2

P
atom

=
!E

" 10 ps

0.2 eV

Patom = 3 x 10-9 [W/atom]

ni = 1 x 1018 [/cm3]

α = 1 x 104 [cm-1]

Pabs = nixPatom= 3 x 109 [W/cm3]

Iin = Pabs/α = 3 x 105 [W/cm2]



IR spring8

t

!pulse

Ipulse

T

SPring-8 BL43IR

τpulse = 40 ps

T = 25 ns

<I> = 45 µW by power meter

Ipulse = 25 mW/pulse 

Ipulse =           x <I> T
τpulse

:10µm

Ipulse = 25 kW/cm2•pulse 

1 s

40 ps x  1
 25 ns

= 2 x 10-3 s



FEL

t
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macro pulse

!1

t
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micro pulse

!2

FEL

~ 1 MW

~ 3 mm

∆ω = 10 cm-1 

100 ~ 1000 cm-1

1 MW x 
 10

 1000
Ipulse = 100 kW/cm2= 10 kW

1 s
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 1

9.2 ns
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16 ms
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= 0.36 µs
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Conclusions

放射光を利用した実験

SPring-8利用者懇談会研究会
「赤外光励起による新物質プロセッシング」
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fAC = 1x10-2 (Ry/Bohr)

atomic units

I =
1

2
!0cE

2
= 3.51"10

16
!(W/cm

2
)

E =
1

4!"0

e

a0
2
= 5.1#10

9
!(V/cm) E = 5.1!10

7
!(V/cm)

I = 3.51!10
12
!(W/cm

2
)

Estimation of electric field

Q* = 1

4- magnitude
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