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2. purpose 3. diffuison 
length

1. motivation

Diffusion of Oxygen

D = D0 exp(–Q/kT)

D [cm2/s] = 0.194 exp(-2.54[eV]/kT)
T Y T d U Gö l A l Ph A37 1 (1985)

Selective impurity diffusion by IR excitation

Promotion of diffusion of a specific impurity by using 
resonance excitation at the impurity mode. x 10-3 1040vibration frequencylaser frequency Resonanceν

ｉｒ νn νp
,

Idea of selective diffusion by excitation
of impurity vibrations

4 power 5 power 6 power required

T. Y. Tan and U. Gösele, Appl. Phys. A37 1 (1985)

T [K] [eV] D [cm2/s]

1000 0.086 3.0 x 10-14

1600 0.137 1.9 x 10-9

2000 0.172 7.6 x 10-8

2500 0.215 1.4 x 10-6

3000 0.258 1.0 x 10-5

T [eV] D [cm2/s] τ  [s] LD  [µm]�

0.137 3.0 x 10-14 1 0.3 

10-1 0.1 

0.172 7.6 x 10-8 1 2.7

10-2 0.27

0.215 1.4 x 10-6 1 11.8

10-3 0.3

no availability of suitable IR laser• Problem

• Computer simulation

Design of light source

First attempt of excitation of O
by SPring-8
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Diffusion process can be 
switched on and off
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4. power 
balance

5. power 
consideration

6. power required

For an atom Patom =
ΔE
τ phonon relaxation time

deviation of atom energy 
from thermal equilibrium

10 ps

0.22 eV

Patom = 1 x 10-9 [W/atom]

impurity 
concentratio
n

ni = 1 x 1018 [/cm3]

absorption 
coefficient

α = 1 x 104 [cm-1]

Pabs = nixPatom= 1 x 109 [W/cm3]

Iin = Pabs/α = 1 x 105 [W/cm2]

Intensity of laser powerPower consideration

τrelax

input power

t

τrelax

input power

t

τpulsephonon decay

Power Dependence

B mode

T
[K

]

0 2 4
0

1000

2000

3000

P x 1012 (W/cm2)

<T>

TB
P =

ΔE
τ

input power

deviation of 
energy from 
therm. eq.

relaxation time

τ ~ 1 ps

7. estimate 8. apparatus 9. beam data

Beam data
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D mode
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Ppulse = 1 x105 W/cm2

τphonon < τpulse < τdecay
Power x 1012 (W/cm2)
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Time [ns]

tdiffusion = tirr × pulse

τ int erval

12(hrs) ×
40(ps)

684.3(ns)

= 2.5(sec)

<I> = 0.15 µW/cm-1 at 1000 cm-1

τpulse

beam size 150 x 100 µm

< J > = 0.1 W/cm2

Jpulse =

for width 100 cm-1

τint

100

15
x <J > = 256 W/cm2 �•pulse

Patom = 2.6 x 10-12 W/atom•pulse�

11. result 10. sample11. result p
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Samples
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20 x 20 mm

marker

Si substrate (CZ)

p+ B: 1x1019 cm-3

O: 1.4x1018 cm-3

non-doped epitaxial layer

6 µm

impurity mode

O: 1100 cm-1

B:   520 cm-1

O B

BP2432- × ×

Filtering

12 hrs irradiation

12. Summary

Summary

1. First attempt of IR excitation of impurity diffusion has 
been failed.
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３.

The most significant error comes from the estimate 
of the input power at the sample.

２.

The present experience of power estimation 
could bring about success in the next stage of 
experiment.

0 5 101015

1016

1017

1018

1019
BP2432-1333

depth [µm]

no

BP2432-1333

0 5 101014

1015

1016

1017

1018

depth [µm]

no


