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MgLN(Mg-doped LiNbO,)/MgLT(Mg-doped LiTaO,). KE&IZDEM B ERICIERYRETEMZ. ThEh
DIEHR A EEHAOE LR 0 F, FLEMDEA TOENTHZE S CTEEELIFEE RO S, HET. h
FTHEL-Y//O0F YT L—HIZIMPACTCHELIZFIR{ 7 A\—FryZ AV TERBEAEERZRDOL—H1E
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QPM4F 1% D 5T

Fr—TEEHT-QPM#EEZEMILN(Mg-doped LiNbO,)/MgLT(Mg-doped LiTaO,)%/K&IZ&EYAATEHKIC
ZDQPMIFMHZEFMEL. ThoDHEREEHEEBICRRREE S,
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MgLN(Mg-doped LiNbO,)/MgLT(Mg-doped LiTaO,). 7K &

JEHRTZ
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SRR
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QPM MgLN(Mg-doped LiNbO,)/MgLT(Mg-doped LiTaO,)*°7K &
QPM
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Wavenumber [cm1]
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Thin plate
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Semiconductor
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Ferroelectrics
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Ferroelectrics
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LiNbO, & LiTaO,

Transmission

0.8

o
o

o
IS

0.2

0.0

LiNbOs, LiTaOs

* Wide transparent range

LN :330 NmM ~ 5 um

LT :280 nm ~ 5 uym
* Large nonlinearity

LN : g3 ~ 25 pm/V

LT : dsg ~ 14 pm/V

» Large EO, AO, & NLO effect

* High-quality crystal

» Combination with waveguide technique
 Improved property by Mg-doping

Mag-doped congruent LiNbQOs, LiTaOs for OPM

LT

T T
E // a, 1mm thick satmpleI

LN &MgLN

LT

* Expansion of transmission range

» Improved resistance to PR-damage

* Low coercive field E.
MgLN (5mol%, RT): E; ~ 5 kV/mm
MgLT (8mol%, RT) : E¢c ~ 4 kV/mm

OPM device using LiNbOs, LiTaOs

280

320 360
Wavelength [nm]

4002

4 5

6

Wavelength [um]

* PP Mg-doped congruent LiNbOs (PPMgLN, PPLN)
* PP Mg-doped stoichiometric LiTaOs3 (PPSLT)
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Field poling Temperature-elevated field poling
(1) Original Crystal : z-cut Electrode 1,
dI Tz High voltage
amplifier
| Q-monitor
(2) High-voltage application Function
enerator
= e 2 T !
V L v _—
TZ CD = Heater =
MgLN
(3) Periodically poled crystal Mg-doping : 5 mol%
Cut . z-cut
l l l l Thickness : 10 mm (~12.7mm max )
T T T QPM structure
< > Pgriod :~30 um ( fo.r OPO by 1.064 um)
A Width : 10 mm ( typical )
Length -~ 40 typical
E = Vid> E, (Coercive field) end mm (typical)
Periodical poling
Voltage - ~33 kV (for 20 mm))
Temperature  :120°C
Pulse shape : Triangle

Pulse rep. :2ms
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Trans in UV
Crystal quartz 1.0 | . ] . .
» High durability for laser irradiation 08l |
« High transparency in UV (~150 nm) & IR I
_ _ _ ® 0.6 1
« High quality crystal available E
. T (/)]
* No hygroscopic susceptibility € 04r 1
« Nonlinear material (used for 1st SHG) = .
« BPM impossible (small birefringence) [X-cut, Tmm thick Quartz|
00 | 1 | 1 1
150 200 250 300 350 400
Wavelength [nm]
Trans in IR
100 T T TTTTTT T T T TTTT] I B R
L CULTURED QUARTZ CRYSTAL (3mm) _]
T 0-RAY
< 80— — — E-RAY —
‘g‘ -
§ 60|—-
£ a0
C
E =
= 201
0 [ JE WA L il |
1 10 100 1000
Photo from Wikipedia Wavelength [um]

Ref : Applied Optics v22, pp.4069
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Material Quartz LBO LN
Formula SiO, LiB;Og LiNbO,
Structure Trigonal Orthorhombic Trigonal
Point group 32 mm2 3m
0.15-2.8 pum, 0.33 -5 pum,
Transparent range IR 0.16 - 2.6 pm IR (inlowT)
Refractive index n, = 1.5341 2" f 12882 n,=2.234
= y© =
@1.064 pm n, = 1.5428 0 = 1.6055 n, = 2.144
Hydroscopic Susceptibility None Low None
Laser damage threshold 396 GW/cm? 45 GW/cm? ~300 MW/cm?
@1.064 pm @ 31ns (a) @1.1 ns (b) @10 ns (c)
: - d;, = 0.67 d;; =4.6
Nonlinear coefficient 31 81
(pmIV) d;,; =0.30 ds, =0.85 dy; =25.2
@1.064 pm Sy = LA
(d) (e) (d)
Wavelength conversion by BPM X OK OK
Electric field poling for QPM X X OK

(a) JQE 16,814 (1980)
(b) JJAP 38,L129(1999)
(c) Authors

(d) JOSAB 14, 2268 (1997)

(e) JQE 28,2057 (1992)

Photo from Wikipedia
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HHZITI) ORRZRS, EFMICIE. BRNBNEEE. BM/N\F—ZV T AI4MN VY RAT L T1BR
BRRFEREELGEICEY. RERERBILKD-HOMMBERIE  AXIMLVRFEBRELRXD-HDE
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Polarity inversion of Quartz OPM stamp method

Heat & Load

) 4

QPM stamp | €—— Patterned plate
—1 ™1 ™1 ™

‘ Quartz <4— Quartz sample
R ‘
Periodically inverted

Ref : H. Ishizuki, et. al., Opt. Express, 28, 6505 (2020).
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MgLN(Mg-doped LiNbO;)/MgLT(Mg-doped LiTaO,). KEICDEM B ERKICIILRYREIZMZ . TNTh
D IR EEHIPIBLFZ o F. FLTHEDOEA TUWENWTHZE S CEHELEEEZ RO, i T. Ch
FTHELEZTA/O0FYITL—HFIZIMPACTCTHELEZFB 7 NA—FrZz AV TR AEERDOL—TE
EIEST AR TSGR E DL —F Mt EETL . S RO IERBEH BRI DOLRIT S,

CZ Striation in Z-grown LN  CZ-growth striation

(a)

CZ-Growth
along Z-axis

L

Growth
striation

=

Z-cut plate

Z-cut chip

QPM device from
Z-grown, Z-cut chip

1Z

Wavelength @
conversion

LK

CZ growth

-

Ccz
striation

MgLN chip :
40mm x 15mm (X,Y)

=

X-grown LN for improvement

(b)

CZ-Growth
along X-axis

%

—

—
N

MgLN crystal

=

Growth
striation

2
=

Z-cut chip

/!

QPM device from
X-grown, Z-cut chip

Beam
1Z
/1 X

Wavelength Q
conversion
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Evaluation of beam distortion Distortion on Years

in Z-grown PPMgLN and non-PP MgLN

He-Ne laser

v,
X ccD

Crystal ‘

Nearly Gaussian mode
1/e2-full width ~2.1mm

EllZ E/lY

Z-axis grown

PPMgLN

L ~40 mm

Company A (2011)
EIIY w

-fRIEPPO A EICERM K
BEDRPBOMILNIER TEREHY
RO BEEACEE LS F L

-MgLN LS ZMgLT THHEER

Company B (2014

Z-axis grown

MgLN

L ~40 mm

A—H—EHT (ER. B A—h—EHITHER)

"BREAMICESY . ZHE R TOXHME R THIER
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QPM4F 14 o 5T

Fr—T% & HT-QPMIE:&E%FMgLN(Mg-doped LiNbO,)/MgLT(Mg-doped LiTaO,)*o/K@IZEY AAZE&IC
ZDQPMEFMZEFMEL. ThoDHEREEHREEBICRBREIE S,

Chirped OPM structure Wavelength on T for Chirped PPLN

4600

A:Uniform 4400

4200
g
4000

3800

A:Chirped 3600

3400 1 BN

3200

3000

Example of Chirped PPLN structure

325

2800

2600

Wavelength [nm]

h ] 2400

w
n
o
T

1 2200
ey ] 2000

1800

QPM period [um]
i
|
il
S
C 1
d
3 .
ol
&

1600

*’Qii!;Efé%E?i——— —— —

Pump : 1.064 ym|—
| I | l L I I

80 100 120 140 160 180 200

"‘uH' Temperature [°C]
1‘0 I ZID ‘ SID ‘ 40 |
Position in pattern [mm]

1400

w
=
o
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Broadband 2um band generation by chirped PPLN

E Py Feio «—> / GP-MCL
nergy
‘ - H H 1064nm
oosrA ~24mJ . I ‘ I / 0.7 1, 30Hz
Lens OPG pass Chiro PPMaLN Lens
CaF, (cut<13ym) FPumpcut =P o\fer:J f=4pp HWPISO PBS HWP
3000
Pump energy
—_ 2.39mJ
— 1 2.30mJ
2500 - :2.13mJ _
— :1.88mJ
— 1.57md
— 1.41mJ

2000

1500

Counts [a.u.]

1000

500

14 1.6 1.8 2.0 2.2 2.4 2.6
Wavelength [pym]
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Transmitance in UV and THz region

Trans of LN&LT in UV inlIR
Trans of Quartz | [ ' ' ' 1 10— 100 : , , ;
in UV E /f a, 1mm thick sample E // a, imm thick sample
0.8

S 0.8 80

E c

% 0.4} § 0.6 - % 60 -

(= 2 £

0.2+ - 2 5
[X-cut, 1mm thick Quartz] l‘_ﬂ 0.4+ = 40
. 0050 200 250 300 350 400 i LN &MatN Y
In IR-THz Wavelength [nm] 0.2 i 20 9 ~
e I AL . Sy R A 5 V\
- I T omAY " 0.0 - ' : 0 ' ' ’ . '
é 80 — — E-RAY - 280 320 360 40C ) 3 4 5 6 7
8 L . Wavelength [nm] Wavelength [um]
§ 60 [~ -
540 : « Accurate measurement
PR - * Temperature dependence ?
20
0 i ] ] [ | III 1 1 / 11 III ! ! | 11 l]- * CryStaI quallty dependence ?
1 10 100 1000 » Crystal company dependence ?

Wavelength [um]
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Empty room in IMS 113

IMS Myodaiji campus

2 : Main Lab. Bldg.

in Okazaki

SRERIR

8 : Bldg. D
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HV application system Vacuum evaporation system

M

Micro patterning | ﬂ““ﬂm

‘ S p
> lQ - | ellow now ...
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