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Mid-infrared pulse %eneratioq and shaping in engineered quasi-phase-matched
nonlinear crystals for protein dynamics control

Nakamura, Ryosuke

3,700,000

LiNbO3

In this study, we investigate engineered quasi-phase-matching structures
that can simultaneously realize differential frequency mixing and pulse shaping in the mid-infrared
region for artificially controlling structural transitions in proteins. Numerical simulations were
performed on a typical crystal, LiNbO3, and quasi-phase-matching structures for narrow-band pulses,
chirped pulses, pulse trains, and multiple-wavelength pulses, which are important optical pulse
shapes in vibration control of molecules and proteins, were demonstrated. We also constructed a
mid-infrared multi-pulse spectroscopy system for control of protein dynamics.



(

TL

800nm ‘"MMM
FRITTPAT

hY

(A)

FFNF ¥ — SIS

B

(B)

RS VL A

bt

(HAEFIRIRAR)

"o-"-‘

FERMART vl

e
RIE#E
Q)
®)
(B) (A)
74 RS5=3
P mﬁﬂﬁum) EREHIER RSN
(~1.4um i

B EIERR

HINTARYwY
EiEga

j / tb:.a:: +/;§ZH/%I ‘ﬁ

FRNER LIRSS

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



LiNbO;
1950 cm™

LiNbO3(
20mm) o 23 ; ; : ;
25 22F ]
[1's
9F } : : f ]
. oE 83 ;
LiNb03 QE s ]
°g 15r—“—T————d——ﬁ___—_Pﬁdiﬁf’H——ﬂj_;;i
LiNbO3 10 pm/V £ 8 ' | —
o 6 i
o g: //
o
o T 0= 3 4 5
p(z
A r Wavelength ( um)
LiNbO3
GDD GVD
4000 cm*
A 6000 cm™
Ao A A 1 (0<z<rA) 1
0.2 ps (z):{_l (rA<z<A) n,_ _\ ,
A: Period . A A
0.1 ps, 210 r: Duty Ratio 1 \_ —
cm?
A=24.4 um, r = 0.5 p(2)
LiNb03 (20 mm )
Az 2.0 ps, 8 cmt
L 36%
21.0 - 27.6 pnm
30% TL 0.84
A
r
0.5 ps 2.44 mm

A 24.4 £ 2.0 um



< 28 T
‘;E 261 —
Ang,& 24F
o« 27 43 - I 4
1F T T T
§% 05
ok I L L =
0 5 10 15 20
Crystal Length (mm)
~
©
n
C-3
£
<« F
©
o

1800 2000 2200
Wavenumber (cm")
A (um)
26 25 24 2

AJ (“m 111)042 0.044
A;
A=24_4pum
2000 cm™
18%
r

25.2 pm
0.15 ps

0.10-0.18 ps

co

ZEAEA: 2.44mm

= 28 28 T
- 260 1 S o6k ]
SE af BE 2l
& 22¢ | | | i o 22 | g | | =
e AETTEEh TR = = 1E T T T =|
§% 05F 29 05
E as
o E
1= L I L e = OF | I I =]
0 5 10 15 20 0 5 10 15

Crystal Length (mm)

ZEHENE 30%

1800 2000 2200
Wavenumber (cm™)
A @m)
% 25 2 2
PRDI—) TR ! ]
0. 638 0. 64 0. 0‘42 0 0‘44
A m™)
A

+ 100 cm?

13%

p(2)

1886, 2101 cm™

Crystal Length (mm)

ZEHEhE 30%

1800 2000

Wavenumber (cm™)

A (um)
25 24

26 23

2200

DI~ TER ! '

0.038 004 0.042

AT um™)

23.2, 23.6, 24.0, 24.4, 24.8, 25.2, 25.6 pm
1827, 1886, 1943, 1996, 2049, 2100, 2151 cm*

ZEHE: 2.44mm
T L A

L B L B
S g B0 ]
235 24r 22 24F
¢ 2¢ w . e L N I
1 —— +— o |+ ]
;;%o,sf g’%o.s
E o E
D:D%HJ..»l‘...l..‘ [ SECI B A L
0 5 10 15 20 0 1
Crystal Length (mm)
~
m
o
£
\4’_
0.5psFEIR@?D /LR 51|
o~

WY t‘. lxl l Al a
2200

1800 2000
Wavenumber (cm'1 )
A @um)
2% 25 2 23
QPI—) TR i '
0.038 004 0042 0,044
AT (™)

As
v=0-1

Aadlafl
2000

2200

1800
Wavenumber (cm")
A (um)

2% 25 2 23
QDI IEH J !
. gl iy )
0,038 0.04 0042 004
A m™)

v=1-2

25.4 cmt

0.044

23.6,



> sin(27g,z+4,)

81,=23.6", 2527 (um)

§0,723.6", 2527 (um?)
$in 270, T

$i=1.,=0. 0

2200

2000

g1=23.2°, 23.67, 24.0"
2441, 252, 25.6" (um™)
0y 6=0, 0,0, 0, 0,0

y A
1800 2000 2200

1800 2000 2200 1800
Wavenumber (cm ’1) Wavenumber (cm '1) Wavenumber (cm™")
26 zsA um) 24 23 26 25A () 24 23 26 zsA ) 24 23
QDI IRE ' ' @ADI—UT T T DI~ TEE ! !
50 o%r 002 00H (o)ozs J o: oda‘zJL Ry ‘ tuldﬁ J( 464[\ [Lo'\o‘é\ hoo‘u I
A (um™) A ™) AT um™)
A;
[1] v=0-1 v=6-7 150 cm?
[2] v=7
200 cmt
21 28 um
20 mm
LiNbO; 2000 cm™ 75 % ( 1 mm) 20 mm
0.3 % LiNbO;
GaAs ZnGeP,
[31
Material Derr (pm/V) Transparency range (um) | Attenuation (cm™)
GaAs 66-110 09-16 0.01 @2 um / 0.01 @10 um
ZnGeP, 72 0.74-12 0.09 @2 pum / 0.9 @10 um
5 - 10 um
Pump Probe
GaAs ZnGeP,

<= Chirped Pulse (806nm, 150ps)

[1] Rector et al., J. Chem. Phys.
106 (1997) 10027.

[2] Ventalon C. et al., PNAS 101
(2004) 13126.

[3] Lallier E. et al., Proc. SPIE
5990 (2005) 599001

IR Pulse (from Artificial PPLN)

PIR Probe (from DFG + OPO)
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