1993 1996

@

(pump-probe
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transient absorption spectroscopy) @

(ground state)
(excited state)
(time delay)

(relaxation)

(band gap)

ho > E)
(A < A =hc/Ey)
(one-photon absorption)
A>2)

(multiphoton absorption)®



(optical damage)

(optical parametric

generation)
( ) ( )
( As A)
1 1 1
PRV W
)
Barnes"

(optical parametric oscillator, OPO)
(signa wave)
(idler wave)
(sum-frequency generation)

1K)

(a) 10
(ns) 355 (nm)
(urea)
© (b) 150
(fs) 390 (nm)
BBO
(6)
ke = ks + K, (phase
matching)
ke = ks + K
(callinear)
n n n
e O 2
A Ay A )
27n,
k, =—
J lj
(dispersion effect)

(2 (isotropic)
(anisotropic) (birefringence  double
refraction)

(spontaneous

parametric fluorescence) 1(a) 10
(ns) 355 (nm)
(urea) ©

1(b) 150 (femtosecond, fs) 390
(nm) BBO

(6)

Dmitriev @
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2.
KNbO,
(14) M
DM
(dichroic mirror) OC
(output coupler) PP
(prism pair) PZT-

signal out

(nonlinear coupled wave equations)®

dB 10} e
d_ZP = zln_llgong)BsBlei A (3)
dB; iwy DD Dt ik
=——& X BB e 4
dz e YA 4 (C))
dB, iw, . e
dz = 2nc Solifzf)BszeAkA (5)
E(zt)=B((@e" +cc. Ak =k, —ks—k
z )
Zeﬁ(Z)
(dispersion)
@ @E e
(pump, signal
and idler)

®)

(pulse broadening)

(line width)
(optical path length, n(A)L)
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idler out

PZT-M

39)

[ (sf-focusing)’

(self-phase modulation)®*’

(parametric four-wave mixing)'
(optical damage)® ]

3,10)

(optical
parametric oscillator) (optical
parametric amplifier)

1. (Ultrafast Optical
Parametric Oscillator)
2 (14)
(femtosecond

Ti:sapphire oscillator)



1
A =1306 nm
_os} AA=20nm
) !
=5
=]
5 06F
3 I
>
5 04 -
c
S L
E
02F
0 1 D
1,200 1,250 1,300 1,350 1,400
Wavelength (nm)
3. KNbO,
(14)
(W) 82 MHz 100
KNbO,
(dispersion-compensated) (PP)
(linear cavity)
(time period)
(PZT-M) KNbO,
(Type-1) (angle phase-
matching)
KNbO,

(output coupler)

(group
velocity dispersion)
( 2 (anti-paralldl)
3 4 1306

Intensity (arb. units)
o
©
r

o
(N
T

o
o
T

©
~
—

0 A
-500 -250

i

4. KNbO,

0
Delay (fs)

250

(autocorrelation trace)

(difference frequency generation)

[<100 (nJ)]

BBO

[1 (mJ)]

14

500

(Ultrafast Optical
Parametric Amplifier)

(sapphire)

(femtosecond
Ti:sapphire regenerative amplifier system)

5

(supercontinuum)

(seeded signa wave)

150
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1 NLC, PM KNB KNbO, PPLN
(periodically poled) LiNbO, Q (quasi-phase matching) 7
P P P
NLC,PM | A (m) | P.(W) w(fs) | As(um) | Ps(W) % (f9) A(um) | P(W) 7 (fs)
BBO, | ® 775 2 80 11 135 0.37 130 18 225 0.2 130
KTR 11 790 2.5 70 12 15 | 035 57
KTA,II ® 780 12 90 129 144 0.03 85 183 191 004 150
RTA, 11 Y | 760 820 18 70 103 13 0.25 58 21 3.65 0.2 250
CTA, I ® 809 112 70 101 118| 0.235 56 259 412
KNB, | * 800 1.45 100 28 68| 017 60
PPLN, Q® 810 15 100 3 39 0.014 160
(callinear Type-1l phase matching)
(ordinary wave)
(extra-ordinary BBO
wave)
(degenerate point) 6
1.1
(polarizer) (um) 2.8 (
(Type-l phase matching) BBO) 550 1.1
280
550
( AgGas)
5.
BBO
800 nm @ ps
?ZEJ:S > I —) [ (periscope) 1D
lf w W';\“e'“g'“ gr‘la"er;“” - (iris diaphragm)
“bs Bst T O = dyv g = /_})\ | wP (wave
B plate) TFP
oM ’ ! \ (thin-film polarizer)
‘T’ P 1 . L. BSL 2 (beam
DBS2 BEO DBS1 1DBSS splitter) CM
R;ﬁﬁt;al (curved mirror)
DBSL 3
(dichroic beam litter)
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Signal
90 v, .
%
— Common
3 60} \ng = B
3 ve
w 30
AN
\\\
0 = 7.
1 1.5 2 25 3
Wavelength (um) (25) Ve Vi
Vs
6.BBO v,
(16)
10
( ) ( )
(phase velocity)
50 1
(non-collinear phase matching) 2.
3.
4,
(achromatic phase 5.
matching) 6.
7.
(7
10 @ 8. (chirp)
2
9.
10.
(time-bandwidth product)
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2. NLC, PM NC (non-
collinear) PPKTA (periodicaly poled) KTA MNB MgO:LINbO, KNB KNbO;
Q (quasi-phase matching) E. Es
£

NLC, PM Ao (M) | B (1) %) | A(um) | Es(u) w(fs) | Aum) | E; (1) 7 (fs)

BBO, Il “° 800 1000 130 11 16 105 150 16 26 65 160

BBO, 1" 400 1 150 [045 07| 015 150 1 25 0.045 150

BBO,NC-1 | 3975 130 130 |055 0.7 6 09 13 0.5 8

KTP 11 * 800 2600 130 28 37 120 180

KTA, Il ® 800 2600 130 28 4.1 100 250

PPKTA, Q® 800 75 100 25 45 5 210

MNB, | & 800 300 100 3 39 22 160

KNB, | @ 800 300 200 3 44 6 200

E,v(Z, t) = A,-(Z, t)[l(k‘Z - Qt)] + C.C. BJ'(21 w) =
FT[A(z 1)] Yy o
Runge-Kutta
(19 (23)
(24,25)
PNL
i
P (z,0)=£,2% [doF(@)F@-0) ()
NL _ (2) ’ ’ ’_ *
@ © R (z,0) = &2 [ d0'Fy(@)F (@ - ) (10)
P (z,0) = &1 [ do'Fy (@) F(@ ~ @) (1)
0B.(w) iw I’k
S( ) o Sr Br@)+ B (@) (6) o
<200 F (o) = Azw)é"
— Q’ZLPPNL(w)e—ikpZ a)P = 0)5+
neC
o,
aBg—i‘")—iw[vi—vi)Bs(w) )
o * _ (frequency resolved optical gating,
+19 a—k;‘Bs(w)mSBS(w) =@ pr(w)e ™ FROG)®
2 Jw nsC . .
5 (supercontinuum signa seed pulse)
9B(®) iw(i - i]B,(w) 8) 8
aZ (! [V
i 9k, 0] , 3 P
+——— B/ (0)+0,B(w) = P (w)e™”
2 Jdw n,c
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"'signal (a'u')

ligier (@.1.)

1.0F (a) -
o.el 42
0.6 U
0 =
o
=
0.4F .
-2
0.2¢ i
0.0 . L . -4
-500 -250 1] 250 500
Time delay (fs)
T T T T 4
ol (© |
0.8F - 2
> 1o =
E )
=
0.4k -
12
0.2t i
0.0 . L . -4
-500 -250 0 250 500
Time delay (fs)
T T T 4
e
ol (®)
0.8f 12
0.6f —
40 =
o
=
0dpR
- -2
0.2k
0.0 L . L : -4
500 250 0 250 500
Time delay (fs)
8.3 KTP
(Ipumpa
Isgnah and I|d|ef) ((p)
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