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Microstructured SHG Patterns Imprinted on Soda Lime Glass
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Abstract  Controllable printing of microstructure with specific composition and structure distribution is the key
technology to miniaturize and integrate nonlinear optical devices. Spatial and geometry controls of second order
nonlinear optical properties at the micrometer scale have been achieved in soda lime glass (SLG) using microthermal
poling with nickel mesh as anodes and SLG as cover glass. Microstructured second harmonic generation (SHG) can
be correlated to the dielectric barrier discharge (DBD) of a poling sandwich among an SLLG sample, a nickel mesh,
and a SLG cover. Experimental results show that the DBD induces an internal electric field with a geometrical
intensity distribution in the SLG sample and cover. Furthermore, energy dispersive X-ray spectroscopy and Raman
spectroscopy reveal that microstructured SHG patterns are attributed to the internal electric field induced by Na™
redistribution and structural rearrangement of SLG. Microthermal poling can be used to fabricate nonlinear optical
components.
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Fig. 1 Schematic of microthermal poling sandwich and image of Ni mesh. (a) Schematic; (b) image of Ni mesh
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Fig. 2 SHG patterns. (a) Microstructured SHG pattern of SLG sample poled at 240 °C and 1.8 kV in N, for 0.5 h;

(b) microstructured SHG pattern of SLL.G cover glass; (c¢) overlapping the sample and the cover glass
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Fig. 3 Variation of voltage and current with time and in situ DBD images of an anode sandwich overlapping an SLG sample,

a mesh and an SLG cover glass recorded during the micro-thermal-poling process. (a) Voltage and current versus

time; (b) onset of DBD; (c) first quadrate of DBD; (d) second quadrate of DBD; (e) center of DBD; (f) 10 min
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Fig. 5 Raman spectra. (a) Raman spectra of three positions for SL.G sample; (b) variation of relative

intensity of O—O bond across a square

B 6 Ca) s Co) T 7% Y AR i 26 TT M it B¢ 1 6 ThT Y
Na ™ 434 R AE— A7 A% XA A Na ™ (1953 10 A —
Ad KAH T LPs S d/ME. Na™ 1940 fi S
OO B & 5 (Y 70 A B AR B (H 2 R 155 7
A P9 BT RO RS O SR B SHG BI%E . 18] 6(b) i
N TETE ECT R LP J7 1) b A B JR A AR K R A

2.842
2.132
1.421

0.711

Atomic fraction of Na /%

am Na At 20.1kV

14.91
13.04
11.18
9.317
7.454
5.590
3.727

Atomic fraction of Na /%

=
o0
=)
o)

»mn Na At 20.1kV

AR IME L X 5 E 5 () HEE S O—O HE5
(43 A LA S B 6 (D R 3 35 R Na ™ 9 o 76 R ZR 07
B Sy A WA R . B SR B R R T Na 4 A
225 5 MAIRAT 5, LI ARA & FAR 1 AT
E 1) fros, Br LA 0 TR [ 3 ) 38 HL 4, A
M R T AN A Na® 5075 .

2.0 ®) between two LPsE :
i1 LP
15} B

1.0

0.5}

(1}3 1 [

0 100 200 300 400 500 600

Relative atomic fraction /%

& /pm

8 —

= |@ Vo

gt o

g Vo

g 6f Vol

g 5l ‘o

E !

7 4t Lo

[<%] o

%3_ | U

T 9l LpP v |

~ . — 1 )

0 100 200 300 400 500

2 /um

B 6 Na' 437iE, () (WFEFFETA Na 4070 L K Na W 2t /504 s (o (D 535 A R0 Nat 43045
DL Na' V545 (5 5 28 1 46 1k 40 A

Fig. 6 Distribution of Na' ions. (a)(b) Distribution of Na~ ions on sample surface and linear distribution of Na " ions

along dash line; (¢)(d) distribution of Na® ions on cover surface and linear distribution of Na™ ions along dash line

4 4 1w

AS VR L 2R S SR AR A AR L LUBRE I Sy B
JFEL SLG N JEAIE % T 5 B RA% AR
FIRE i i BRI 2 i DBD it #2 . SR HZE AR LE

SLG FE&  FEBEH A LPs b LUK 7 M 9 90 % i1 S
XIREN R T i aE R SHG K%, @i DBD #
il BE AR e 22 1 LPs DA B J A X35 AT I A 340 3L X35
Gy R A7 3 A 75 5 M T S R 48 e P 3 PR S L AT S A
T W45 H SHG B %, Raman Hil EDS Wl i 45 5 %

1816001-5



HRiIEX

F 415 F 18 HI/2021 £ 9 B/ ¥R

WY, Wk LPs A F R SHG K E 538 i Na* 43
fi M EHEA G, # i DBD 512, 5 Z i r
Yy R ENEARAA FE I Gl R A i A 2 — o 5 A9 >
e fih sURET A

[1]

(2]

[3]

(4]

(5]

(6]

[7]

(8]

(9]

s £ X #
Dussauze M, Cremoux T, Adamietz F, et al.
Thermal poling of optical glasses: mechanisms and
second-order optical properties [ J]. International
Journal of Applied Glass Science, 2012, 3(4): 309-
320.
Lipovskii A, Zhurikhina V, Tagantsev D. 2D-
structuring of glasses via thermal poling: a short
review [J]. International Journal of Applied Glass
Science, 2018, 9(1): 24-28.
Tian F J, Yuan L. B, Liu Z H, et al. An elliptical-
core hollow fiber with high second-order nonlinearity
[J]. Acta Optica Sinica, 2012, 32(1): 0106001.
R, s, xI&M, 5. —FfEAE ZHrdEL
PERG B8 20 1 (0] Jsf i, 2012, 32(1):
0106001.
Myers R A, Mukherjee N, Brueck S R. Large
second-order nonlinearity in poled fused silica [J].
Optics Letters, 1991, 16(22): 1732-1734.
Chen Z, Liao Y B, Hu Y M, et al. Electro-optic
phase modulator with thermally poled PANDA fiber
[J]. Chinese Journal of Lasers, 2001, 28(11): 1003-
1006.
WR¥T, BISEZ, WIAKWT, S5 . B fb O D ' £ s e AH
PR (0], E#OE, 2001, 28(11): 1003-1006.
Chen Z, Liao Y B, Zhang G L,
investigations of thermal poling process of optical
fibers[J]. Acta Optica Sinica, 2005, 25(2): 169-
173.
PRAT, BIIES, TR Ty, S OGeR o bl AR 0 St
WA FE ] . Jes#2A4, 2005, 25(2): 169-173.
Guignard M, Nazabal V,
Chalcogenide glasses based on germanium disulfide
generation [ J]. Advanced
Functional Materials, 2007, 17(16): 3284-3294.
Delestre A, Lahaye M, Fargin E, et al. Towards

second harmonic generation micro-patterning of glass

et al. In situ

Smektala F, et al.

for second harmonic

surface [C] // Bragg Gratings, Photosensitivity, and
Poling in Glass Waveguides 2010, June 21-24, 2010,

Karlsruhe, Germany. Washington, DC: OSA,
2010: JThA31.
Lipovskii A A, Kuittinen M, Karvinen P, et al.

Electric field imprinting of sub-micron patterns in
glass-metal nanocomposites [ J]. Nanotechnology,

2008, 19 (41): 415304.

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

1816001-6

Brunkov P N, Melekhin V G, Goncharov V V, et al.
Submicron-resolved relief formation in poled glasses
nanocomposites [ J |. Technical
Physics Letters, 2008, 34(12): 1030-1033.

Lipovskii A A, Rusan V V, Tagantsev D K.

and glass-metal

Imprinting phase/amplitude patterns in glasses with
thermal poling[J]. Solid State Ionics, 2010, 181(17/
18): 849-855.

Yang G, Cao J, Qi Y H, et al. Imprinting gradient
refractive index micro-structure in GeS,-Ga,S;-KCl
glass for broadband diffraction grating [J]. Optical
Materials, 2020, 101: 109766.

Yang G, Qi Y H, Cao J, et al. Ultralow voltage
imprinting in GeS,-Ga,S,-Agl glasses for visible to
middle-infrared diffraction gratings [J]. Ceramics
International, 2020, 46(7): 9030-9039.

Sokolov K, Melehin V, Petrov M, et al. Spatially
periodical poling of silica glass[J]. Journal of Applied
Physics, 2012, 111(10): 104307.

Lepicard A, Adamietz F, Rodriguez V, et al.
control  and

Demonstration  of  dimensional

second harmonic electro-optical

glasses [ ] ].
Materials Express, 2018, 8(6): 1613-1624.

stabilization of

response in chalcogenide Optical
Yang G, Dussauze M, Rodriguez V, et al. Large

scale micro-structured optical second harmonic
generation response imprinted on glass surface by
thermal poling[J]. Journal of Applied Physics, 2015,
118(4): 043105.

Dussauze M, Rodriguez V, Adamietz F, et al.
Accurate second harmonic generation microimprinting
in glassy oxide materials [J]. Advanced Optical
Materials, 2016, 4(6): 929-935.

He X Y, Hu D M, Yang G, et al. Microstructured
SHG patterns on Sm,0O,-doped borophosphate
niobium glasses by laser-induced thermal poling[J].
Ceramics International, 2021, 47(7): 10123-10129.
Siemens W. Ueber die elektrostatische induction und
die verzégerung des stroms in flaschendrihten []J].
Annalen Der Physik, 1857, 178(9): 66-122.
Kogelschatz U. Dielectric-barrier discharges: their
history, discharge physics, and industrial applications

(Il
2003, 23(1): 1-46.

Plasma Chemistry and Plasma Processing,

Cremoux T, Dussauze M, Fargin E, et al. Trapped
molecular and ionic species in poled borosilicate
glasses: toward a rationalized description of thermal
poling in glasses [J]. The Journal of Physical
Chemistry C, 2014, 118(7): 3716-3723.

Dussauze M, Rodriguez V, Lipovskii A, et al. How

does thermal poling affect the structure of soda-lime



HRiIEX

[23]

glass?[J]. The Journal of Physical Chemistry C,
2010, 114(29): 12754-12759. [24]
Skuja L, Giittler B. Detection of interstitial oxygen
molecules in SiO, glass by a direct photoexcitation of

the infrared luminescence of singlet O, [J]. Physical

1816001-7

41 % £ 18 H1/2021 £ 9 A/RFZH
Review Letters, 1996, 77(10): 2093-2096.
Boizot B, Petite G, Ghaleb D, et al. Raman study of

B-irradiated glasses [J]. Journal of Non-Crystalline
Solids, 1999, 243(2/3): 268-272.



